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South Africa’s nuclear intentions 


WoRLDWIDE alarm over reports that South Africa is on 
the verge of joining the nuclear weapons club were tem- 
porarily stilled last week when Prime Minister John 
Vorster privately assured the United States that South 
Africa is not developing nuclear weapons. The assurance 
is welcome, indeed, but it would be even more comfort- 
ing if South Africa were to back up its protestations of 
innocence by signing the nuclear non-proliferation treaty 
and by placing its nuclear facilities under international 
inspection, steps which Mr Vorster’s government has 
consistently refuse to take. The flap over South Africa’s 
intentions does, however, have some positive aspects. 

The alarm was first raised on 9 August by the Soviet 
press agency, Tass, which warned that South Africa was 
about to explode a nuclear device. A few days later, Tass 
charged more specifically that plutonium for the 
country’s nuclear weapons would come from two 
1,000MW reactors that France recently agreed to supply 
to South Africa. Since the reactors will not be in 
operation until 1982, and the agreement requires spent 
fuel from them to be reprocessed in France with the 
extracted plutonium remaining in French hands, the 
Soviet charges were hard to believe. Nevertheless, they 
prompted the United States, Britain, France and West 
Germany to take the matter up with Mr Vorster and his 
government, 

The public debate was fuelled further last week when 
Louis de Guiringaud, France’s foreign minister, an- 
nounced in an interview that France also has new 
information indicating that South Africa was preparing 
to test a nuclear device. Dr Guiringaud warned that such 
a test would have “grave consequences”, which would 
presumably include shelving the sale of the two French 
reactors and further political and economic reprisals. 

Although few details of the basis for de Guiringaud’s 
announcement have been revealed, it is widely believed 
that the concern was based on evidence of extensive con- 
.. Struction work in the Kalahari Desert. The evidence was 
«reportedly obtained by satellite and may have sparked 
the original Tass pronouncement. 

“South Africa’s response to all of these charges was 
initially to protest that its nuclear activities are entirely 
peaceful, a protestation that left room for doubt since it 


should be recalled that India’s explosion of a nuclear 
device in 1974 was also labelled as peaceful. At his press 
conference on 22 August, however, President Carter 
announced that the United States has been given a more 
complete assurance that South Africa is not intending to 
develop nuclear weapons. 

Specifically, Carter announced that. “in response to 
our own direct inquiry and that of other nations, South 
Africa has informed us that they do not have and do 
not intend to develop nuclear explosive devices for any 
purpose, either peaceful or as a weapon-—-that the 
Kalahari test site, which has been in question, is not 
designed to test nuclear explosives, and that no nuclear 
explosive tests will be taken in South Africa, now or in 
the future”. Carter added, however, that the United 
States would “continue to monitor the situation very 
closely”. 

Some comfort should be taken from the fact that as 
soon as allegations were first raised about South Africa’s 
nuclear intentions, four major western powers moved 
swiftly to put South Africa on notice that a nuclear 
explosion would have grave political consequences, and 
that South Africa would not be allowed to hide behind 
the pretence that an explosion could be called peaceful. 
South Africa’s unequivocal denial of plans to, develop 
nuclear explosives is a welcome statement. 

Nevertheless, until South Africa agrees to submit its 
nuclear facilities to international inspection, suspicions 
will linger. It should» be noted, for example, that the 
country has large reserves of uranium and a pilot-scale 
enrichment plant, perhaps capable of enriching uranium 
to weapons grade. Experts in the United States have 
publicly stated that they believe South Africa has the 
technical ability to produce explosives, given sufficient 
concentration of funds and manpower on the effort. 
South Africa has now been put firmly on notice that any 
such attempt would lead to grave political consequences 
including possible abrogation of trade and economic 
agreements, but Carter also noted last week that the 
United States would “renew our efforts to encourage 
South Africa to place all their nuclear power production 
capabilities under international safeguards and inspec- 
tions”. That should be a major political priority. © 
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Technik: the relevance of a missing concept 


M. Fores, of the UK Department of Industry, and |. Rey, 
previously of the Swedish Ministry of Industry, offer their 
personal suggestion that the absence of an English word to 
describe the ‘useful arts’ of manufacture leads to unnecess- 
ary confusion in talking about the world of manufacturing 


WRITERS in the English language often use words in such a 
way that ‘science’ and ‘technology’ are considered as key 
features affecting manufacturing. Sometimes they are even 
wrapped together and simply known as ‘science’. Hilary and 
Steven Rose, for instance, do this in their book Science and 
Society. Such a usage incorporates a number of errors con- 
cerning what was once known as the ‘useful arts’ of manu- 
facture. To show this, we introduce the word Technik 
which is widely used and understood in Germany. It con- 
cerns the functioning of natural and man-made things, 
including the set of principles according to which artifacts 
work and the methods used in making them. Most con- 
tinental European languages include such an idea. 

One English language study which erred over the general 
influence of ‘science’ in the culture was Bronowski and 
Mazlish’s The Western Intellectual Tradition (Penguin). 
They wrote: 


What is needed is that in the general history books the 
development of science should take its place along with 
political and economic developments. The steam engine helped 
to shape the modern world at least as much as Napoleon and 
Adam Smith, but only rarely do historians admit the fact... 
Few would dispute that the steam engine has had an 
important influence on the modern world; but it cannot 
sensibly be thought of as a ‘product of science’. 

In Germany, if there are two cultures or sub-areas of the 
general culture, they are not the science and humanities of 
the English split. They are Wissenschaft, concerned with 
all knowledge and all the subjects of the classical university, 
and Technik. Normally, however, there are three sub- 
cultures: Kunst ‘art’, the English ‘fine arts’ and performing 
arts; Wissenschaft; and Technik, widely accepted to be 
separate from both. Wissenschaft means the art of handling 
knowledge, akin to ‘gamesmanship’ and seamanship’. 

The importance of Technik stems from the fact that it 
has been a prime concern of the species from earliest times. 
Some of its first products were stones sharpened to kill 
animals for food, or to ward off dangerous animals. Man 
became a tool-maker and tool-user through Technik. 

The history of Technik is not, however, the conquest of 
nature. Problems of Technik are not seen in terms of nature 
but rather of a specific job to be done or an artifact to be 
made. And more complex contrivances strayed further from 
the natural state of their component materials. A stick, 
as a lever, was made of wood, directly from the natural 
world. But a potter's wheel could be made from various 
materials, probably in combination. And a governor to 
control the speed of a rotating machine is a contrivance to 
control a contrivance. Thus the exponent of Technik must 
be obsessed with the artificial, rather than the natural. If 
the operations of Technik shade into those of either of the 
other two cultural areas, they shade into Kunst, rather than 
Wissenschaft. Metal-working skills are an obvious example 
of craft skills that have been shared between making the 
products of fine art and useful artifacts. 

The ‘applied science’ concept is a peg on which some 
have hung their views about manufacturing. Only in 
English, of the major European languages, can the concept 
exist, since only English has a meaning for the word 
science which only includes knowledge of natural pheno- 
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mena, or the process by which this knowledge is 
derived. By use of the ‘applied science’ phrase, the pro- 
cess of Technik is made to seem closer to the natural 
world than it is in practice. 

The applied science concept is misleading for other 
reasons. It implies that a contrast can exist with pure 
science. Yet there can never be any body of pure science 
at all, if the criterion used is lack of utility, or lack of 
applicability of knowledge. All scientific knowledge is put 
out freely for verification of falsification—so all can be used 
freely and with no attribution. The most basic ideas of 
natural science, such as Newton’s laws of motion, turn out 
to be widely applicable in practice. So the bizarre conclu- 
sion must be drawn that the purest of science is more 
widely applicable in practice than work which is done for 
particular uses, so-called applied work. Applied science as 
a sensible near-alternative to Technik fails because manu- 
facturing cannot be well characterised as the application 
of scientific knowledge. Furthermore, studies have shown 
that the rate of technical progress in manufacturing can- 
not be equated with the rate of adoption of science. 

Continental-style technologie invariably means what one 
would expect from its Greek roots (techne means art; logos 
means word or law), so it is not the same as English- 
language technology. British official statistics show that 
most technologists are engineers; they are not like other 
types of ‘-ologists’, students of events. The use of the con- 
cept of Technik avoids this misunderstanding. 

Another difference between perceptions of Technik and 
of technology comes with the idea of utility. Acts of 
Technik are accepted to be pointless if there is no demand, 
within the existing cost pattern, for the useful artifact 
being made. There are no imperatives of Technik along the 
lines of technological imperatives of the English-language, 
whereby critics complain that because something can be 
made it will be made. 

Another feature is that Technik does not rule well in an 
aristocratic or a dictatorial situation, if only because it 
depends more on detail than on principle. The best con- 
ception for a contrivance, or the best design for it, is of no 
use if the detailed manufacture of component parts is not 
up to standard. The whole may not be greater than the sum 
of the parts; but if one of the parts is defective, the whole 
cannot function. 

Continental Technik is accepted to be a separate cultural 
area with codes of behaviour, responses and a dignity of its 
own. The competent Techniker does not feel that he has 
constantly to look over his shoulder at science or the arts, 
as the exponent of technology often does. Science and arts 
do not care much for utility and they have a different grasp 
of the artificial. Technik remains a missing concept in 
English; its absence is the English speaker’s loss. 
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The French ‘nuclear war’ 


Les écologistes are gaining a voice in French 
politics. Alexandre Dorozynski outlines their growth 


THE French government is currently 

faced with a political issue it would 
doubtless have preferred to keep out of 
the public forum: that of its “all out” 
nuclear power development programme 
and, more particularly, of the fast 
breeder Super—Phénix reactor at Mal- 
ville, near Lyon. The issue has become 
political as the campaign preceding the 
nationwide legislative elections to be 
held in March next year has got under- 
way. Polls indicate that the election 
may well give the Socialist-Communist 
coalition an edge in the National 
Assembly, and it now seems likely that 
the ‘nuclear weapon’ will be used in 
the forthcoming ‘battle’. 

Socialist leader François Mitterand 
has already suggested that a national 
referendum be held on the nuclear pro- 
gramme. And a loosely-knit group, 
termed somewhat vaguely and some- 
times disparagingly as les écologistes, 
are beginning to represent a political 
power to be counted with. Under a 
programme termed Écologie ‘78, they 
are to be represented at the municipal 
elections next year. Seven ecological 
groups will put forward candidates. 

Les écologistes first emerged as a 
political group in 1974 under the 
leadership of agronomist René Dumont, 
who received 1.34%, of the votes cast 
during the presidential election that 
year. Since then, their numbers have 
increased rapidly : during the municipal 
elections earlier this year, they mus- 
tered an unexpected 10% of the votes. 
So far, they have refused to support 
any of the existing political parties, but 
if they decide to throw their weight 
one way or the other, they could well 
alter the balance between right and 
left. 

But who are les écologistes? Accord- 
ing to the Ministry of the Environment, 
created in 1971, there are nearly 15,000 
ecological associations in France. They 





Michel d’Ornano, environment minister 
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include such groups as the National 
Federation for the Protection of 
Nature, created in 1968, now with a 
membership of about 100,000; the 
Association for the Rights of Pedes- 
trians (15,000); the French Association 
for the Protection of Water (about 
1,000); and smaller, regional and spe- 
cial interest groups such as the Friends 
of the Trees of the Loire (500) and the 
Committee against Atomic Pollution of 
La Hague (150). Some of these asso- 
ciations overlap, and total membership 
is probably no more than two million. 
The first associations were started with 
specific, sometimes narrow goals, but 
interest gradually grew to include more 
general issues concerning modern life; 
consumerism, means of production, 
housing, and so on. 


Nuclear power concern 

One of the major issues now concern- 
ing les écologistes is the nuclear power 
programme and the construction of 
Super—Phénix, which was the bone of 
contention of some 50,000 marchers 
who converged on the farming region 
of Malville, 40 miles from Lyon and 
30 miles from Geneva on Sunday 31 
July. They clashed with a few thou- 
sand police and a paratrooper unit in 
what has been called the first battle 
of the French ‘nuclear war’. The battle 
had its casualties—about 100 wounded 
and one dead. The dead man, Vital 
Michalon, was a quiet, young teacher 
of physics and chemistry (and a reserve 
officer) whose death has been variously 
attributed to heart failure, to the 
explosion of a concussion grenade used 
by police, or to that of an amateurish 
explosive device put together by the 
less peaceful manifestants. 

The ‘march on Malville’ might have 
been dismissed as the kind of incident 
likely to occur during a hot summer 
(even though the summer was cool and 
the marchers were soaked by rain) but 
public polls, in which Frenchmen par- 
ticipate eagerly, indicate a mounting 
popular concern which the govern- 
ment cannot dismiss. In 1974, three- 
quarters of representative samples of 
Frenchmen were “very much in favour 
of or rather in favour of” the develop- 
ment of nuclear energy. At the begin- 
ning of this year, the percentage in 
favour had fallen to 50%, while that 
against had risen from 17% to 41%. 

A poll carried out for the weekly 
news magazine Le Nouvel Observateur 
after the ‘march on Malville’ showed 
up the somewhat conflicting views of 
the French on the nuclear issue. 
Although nearly 70% considered an 
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Malville: the first battle 


increase in energy consumption to be 
indispensable to the improvement of 
their way of life, nearly 50% would be 
“willing to change their consumption 
habits and way of life if this could 
stop the construction of nuclear power 
plants”. A majority (56%) approved 
of Mitterand’s suggestion for a re- 
ferendum on nuclear power. Of those 
questioned who identified themselves 
with the Communist party, 76% 
approved of the proposed referendum, 
which Georges Marchais, the Com- 
munist leader, has since vigorously 
condemned. 

It now seems impossible to keep the 
public debate from spreading, and 
politicians, right and left, may be 
called upon to take sides. The Ministry 
of the Environment is bound to go 
along with the governments pro- 
nuclear stand, especially as Michel 
d’Ornano (he is the one who lost the 
Paris mayoralty to Jacques Chirac), 
now Minister for Culture and the 
Environment, used to be, as Minister 
for Industry, one of the proponents of 
the “all nuclear” power plan. And the 
importance of the forthcoming debate 
has grown in the light of récent talk 
of a moratorium on the construction 


of new nuclear power plant in 
Germany. 
So what do the ecologists really 


want? Few of them will deny that, 
in view of the poverty of French re- 
sources in oil and coal, and the built- 
in limitations to the development of 
hydro-electric power, some of France’s 
energy should be nuclear. But most 
consider the intensive programme un- 
reasonable, and the development of 
Super-Phénix risky. The government, 
on the other hand, views nuclear 
power as a means of stopping the out- 
ward flow of currency, and the fast 
breeder as a major trump to play in 
case of uranium scarcity in the future 
(and, also, as a potentially marketable 
technology). 


It is certain that without intensive 
development of nuclear power, the 
‘official forecast? of 370X10°kWh of 
electricity by 1985 will not be reached, 
by far. But is this a forecast or a policy 
statement? Less than half of 370x 
10°kWh of electricity was produced 
in 1975, and less than one-tenth of 
that figure in 1950. Ecologists do not 
fail to remark that Eurodif, Europe’s 
first uranium enrichment plant, at 
Tricastin, is itself expected to consume 
some 30x10°kWh a year, which is 
almost as much as the total electrical 
energy output in 1950. And they also 
argue that a less spectacular increase 
in energy production may not mean, 
as hawks have hinted, a return to the 
Middle Ages. 


Marching for other issues 

But nuclear power is not the ‘eco- 
logists’ only concern. On 15 August, 
protesters marched on the Larzac 
plateau, in the southern part of the 
Massif Central, against the Army’s 
proposed take-over of more than 
10,000 ha of land for training and 
testing. The expansion was planned in 
1970 and would have been completed 
last year, were it not for the deter- 


mined opposition of local farmers, who 
have succeeded in mustering consider- 
able support. In six years of stubborn 
but largely peaceful :opposition, the 
farmers have become well organised 
and have learned many tricks. For 
example, they published a study of 
cattle and sheep farming in conjunc- 
tion with an effective public relations 
operation which included releasing a 
flock of sheep under the Eiffel tower 
in Paris; on another occasion they 
organised a symbolic harvest for the 
Third World which opened a debate 
on malnutrition. 

The success of the Larzac farmers, 
who have joined the loose ranks of 
les écologistes, is measured by the fact 
that the Army has not been able to 
acquire half of the land it wanted, and 
that sheep are still squatting on some 
of the Army-owned land in virtue of 
ancient pasture rights. Conscious of 
public opinion, the Army has seldom 
resorted to expulsion by force. 

Les écologistes have also contri- 
buted to the sinking of a proposal to 
construct a super-highway in Paris (the 
Radiale Vercingétorix, named after 
the famous Gaul warrior), to preserv- 
ing some sites from urbanisation, to 


Nature Vol. 269 1 September 1977 


promoting legislation against water 
pollution, to imposing controls on the 
asbestos industry, and to banning the 
2-4-5T defoliant. But it should not be 
forgotten that they are a variegated 
group, which includes the scientifically 
inclined, philosophers, and dreamers 
who yearn for the unpolluted paths 
cherished by Jean Jacques Rousseau 
and probably gone forever. 

Many of them, and the public, 
simply do not recognise the boundary 
between dream and reality because 
they are not well enough informed. 
Most, however, appear to have a 
genuine concern about the environ- 
ment as a part of society that has 
changed irreversibly, and believe, as 
voiced by Giscard d’Estaing at a 
ministerial council last July, in “the 
importance of environmental policy 
as a factor of transformation of 
society”. 

As Frenchmen shift to high gear in 
their semi-permanent political cam- 
paigning, the hope is for a reasonable, 
informative debate. Perhaps then the 
traditionally central authority, and the 
inevitably peripheral, but increasingly 
concerned, citizen will find a common 
point. 0 
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New DNA draft 


An important new factor has been 
injected into the long-tangled process 
of developing legislation to control 
recombinant DNA research in the 
United States. Colin Norman reports 


WHEN members of Congress left 
Washington for their summer vacations 
a month ago, two separate versions of 
legislation to control recombinant DNA 
experiments were under consideration. 
In the Senate, a bill developed by 
Senator Edward Kennedy’s Health 
Subcommittee was awaiting considera- 
tion by the full Senate, while in the 
House, a bill drafted by Representative 
Paul Roger’s Health Subcommittee was 
pending before the House Commerce 
Committee. When Congress returns 
next week, however, a third version 
will have to be taken into serious con- 
sideration, and the already murky 
legislative outlook has become even 
more opaque. In fact, there is now a 
real possibility that Congress will not 
complete its work on the legislation 
this year. 

The new version has been drafted by 
Senator Gaylord Nelson, a Democrat 
from Wisconsin, in response to con- 
cerns which a number of scientists have 
voiced over the Kennedy bill, Nelson 


says he plans to offer his bill as an 
alternative to Kennedy’s when the legis- 
lation is brought to a vote in the Senate, 
and the move will guarantee a full- 
scale debate on some of the key issues. 

The Kennedy bill has aroused some 
concern because it would establish a 
Presidentially-appointed commission to 
draft new rules for recombinant DNA 
experiments, licence facilities and 
approved experiments, an arrangement 
which many scientists view as a recipe 
for bureaucratic delay. The bill would 
also establish hefty fines for those who 
violate the rules and it would allow 
state and local governments to write 
regulations which would be stricter than 
the federal controls. The House version 
would be less restrictive since it would 
leave most of the responsibility for 
implementing controls in the hands of 
local biohazards committees, and it 
would also place considerable restraint 
on the authority of local governments 
to set their own recombinant DNA 
regulations. 

Until recently, the Kennedy bill was 
moving through the Senate without 
encountering much Senatorial interest 
or opposition, and it was scheduled for 
a vote in the full Senate shortly before 
the August recess. It was shunted aside 
by more pressing legislation, however, 
and it is still pending. The delay has 


enabled a number of scientists to step 
up their lobbying, and their concerns 
have met with a sympathetic reception 
in Nelson’s office. Nelson’s proposed 
bill is very similar to the House version, 
though in some respects it is even less 
restrictive. 

Though Nelson has not actively 
sought supporters for his bill, his office 
has been receiving a number of calls 
from other Senate offices expressing 
interest. In addition, other Senators, 
including Moynihan of New York, 
Eagleton of Missouri and Chaffee of 
Rhode Island. have voiced concern 
about Kennedy’s proposal to establish 
a new recombinant DNA commission. 
In short, Nelson’s bill is likely to gather 
considerable support. Nevertheless, if it 
is put to a vote and it goes down to 
a heavy defeat, those who support the 
Kennedy bill would have their hand 
considerably strengthened when nego- 
tiations begin to iron out differences 
between the House and Senate bills. 

Meanwhile, the Roger’s bill is not 
likely to be approved by the Commerce 
Committee much before the end of 
September, and it may then be referred 
to the House Science and Technology 
Committee. That would delay passage 
by the House until mid-October at the 
earliest. which means that there would 
be little time to reach a compromise 
with the Senate version before Congress 
goes into recess before the end of 


October. 0 
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EEC research 


The Europeon Commission has recently 
sent proposals for a new European 
science and technology policy to the 
Council of Ministers. In a communica- 
tion called The Common Policy in the 
Field of Science and Technology, it 
suggests a new structure for coopera- 
tion and some areas where collaborative 
research should be increased. 

Since 1973, energy has taken 64% 
of the Community R&D budget. The 
proposals say that this balance should 
be redressed and suggest that a new 
programme of forecasting and assess- 
ment in science and technology (FAST) 
be set up. FAST will be a collaborative 
effort between research groups in Europe 
and international bodies with an initial 
budget of 4.4 million ua (lua= £0.66). 


Tue principal mountains of Cali- 
fornia, the Sierra Nevada, run in a 
north-south chain. They are un- 
broken by highway crossings for 165 
miles of their greatest height. Within 
this vast area, about 40 miles wide by 
trails, are two National Parks, Kings 
Canyon and Sequoia. North of Kings 
Canyon Park is the equally splendid 
Sierra National Forest. The flank of 
the Sierra lying east of the summit 
crest is outside the park boundaries, 
and within Inyo National Forest. 
Much of the terrain outside the parks 
has been designated as Wilderness 
Area, administered by the US Depart- 
ment of Agriculture. Happily, there 
is collaboration between the Depart- 
ments of the Interior and Agriculture 
in administering this scenic treasure, 
which in recent summers has 
swarmed with knapsackers. In 1976, 
for example, it received 1.1 million 
visitor-days of use. 

“The Earth was created by the 
assistance of the Sun, and should be 
left as it was”. So, we are told, said 
Chief Joseph of the Nez Percé. Much 
of the Earth is no longer as it was, 
but Chief Joseph’s concept is still the 
guiding principle for managing 
wilderness. Detailed instructions of 
the observation of this principle are 
given to human invaders at the entry 
points to the wilderness, which are 
monitored. Yet there are anomailes. 
One of them is the presence of saddle 
horses and pack mules, whose ex- 
cretory reflexes seem to be stimulated 
while wading through streams. These 
animals, however, are allowed to 
mar the wilderness; they have a 
strong hold on western American 
traditions. 

Another interesting problem is that 
pet dogs are permitted in wilderness 


ICRF sues for libel 


Lawyers for the UK Imperial Cancer 
Research Fund (ICRF) have recently 
issued writs for libel against Daily 
Mirror Newspapers Ltd. The legal 
action has arisen over an article pub- 
lished in the Sunday Mirror on 14 Aug- 
gust, questioning whether some of 
the £23 million which the ICRF has 
invested could be put to better use. 
The ICRF replied to the article in 
a statement issued on 15 August which 
explained that such a high level of 
investment was necessary to support 
long term research. The decision to 
sue for libel was taken after the Sunday 
Mirror refused to publish an apology. 


Engineering inquiry 
Following hard on the heels of the UK 


areas that lie outside the boundaries 
of national parks. I have just re- 
turned from the John Muir Wilder- 
ness Area and its visiting dogs. One 
of the most prominent breeds was 
the Labrador retriever, a dog that 
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enjoys jumping in a mountain lake 
to fetch a piece of wood. The name 
of the canny Scotsman, Muir, has 
been given to many other California 
landmarks, including schools, a hos- 
pital, a national monument and a 
famous trail. Perhaps Muir’s wilder- 
ness area should be re-named for his 
dog, ‘Stickeen’. An even better idea 
would be to exclude the dogs, so 
that native mammals would be less 
harassed. 

A further anomaly: hunting, in 
season, is permitted in wilderness 
areas of national forests, but not in 
national parks. Sharpshooters lie in 
wait just outside the park boundaries 


Department of Education and Science’s 
(DES) discussion paper /ndustry, 
Education and Management is Educa- 
tion, Engineers and Manufacturing 
Industry, a report prepared for the 
British Association for the Advance- 
ment of Science (BAAS) under the 
direction of Dr Joseph Pope, Vice 
Chancellor of Aston University, Like 
the DES publication, the BAAS report 
is the outcome of an investigation into 
ways of encouraging able professional 
engineers to enter British industry. 

The report puts some of the blame 
for industry's ills on the low status of 
engineers, which discourages young 
people from entering the profession. 
It recommends that universities and 
polytechnics accept candidates without 
‘A’ level physics. More women should 
also enter engineering. 


to pick off deer that heedlessly step 
outside the demilitarised zone. The 
official instructions issued to wilder- 
ness users remind them, almost 
plaintively, that target practice with 
firearms is illegal, but hunting is not. 

Our camp was evidently in the ter- 
ritory of a marmot. These beasts 
usually greet intruding hikers with a 
shrill whistle, and then scurry into 
holes. This one walked into camp, 
apparently to be photographed, after 
which it fixed us with a withering 
stare, and refused illegal offerings of 
food. Another frequent visitor to 
camps is a raucous bird, Clark’s nut- 
cracker. Now I know that the regu- 
lations say that the entrails of fish 
should be carefully buried at least 
100 feet from water, but Clark’s nut- 
cracker would much rather devour 
them on the spot, and I could not 
resist his supplication. Next morning, 
at daybreak, he awakened me in the 
whitebark pine just above my head 
with a loud scream to demand 
breakfast. 

At timberline, about 11,000 feet, 
the flowers make a mockery of all 
amateur and professional gardeners. 
Last week, in Pioneer Basin, it was 
the time for blue, mauve and pink 
penstemons: small blue-and-white 
lupines, golden bush potentillas; rose 
epilobium, and both large and tiny 
yellow monkey flowers. Eastern 
brook trout (Salvelinus fontinalis) in 
the high lakes scorned, for the most 
part, the offerings of anglers. There 
were some splendid afternoon thun- 
derstorms, the nights were clear and 
star-filled, and the mornings blazed 
with sunlight. In general, the visitors, 


with their small tents and bright 
clothing, were heedful of Chief 
Joseph. 
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Sinking of ‘Cavtat’ 

Sir,—With regard to the report by 
Alastair Hay (26 May, page 301), on 
the sinking of the Yugoslav ship 
‘Cavtat’, off the coast of Otranto in 
southern Italy, I understand that there 
is no evidence that poisonous lead 
derivatives have leaked from the drums 
in which they are sealed. 

The article, however, is decorated 
with the picture of an Italian fisherman 
holding fish, with the caption “Poisoned 
fish caught in the Gulf of Taranto”. 
That picture and caption will certainly 
capture the attention of most readers 
of Nature, and it will mislead them into 
thinking that if they visit that area, 
they will be at high risk of being 
poisoned. Because this is clearly not 
the case, the above picture seems un- 
generous toward the people of the area, 
who are heavily dependent on tourism 
and may suffer from the effect of an 
unfortunate picture and caption pub- 
lished in an authoritative journal like 
Nature. 

FRANCESCO BRESCIANI 
Department of Pathology, 
University of Toronto, Canada 


Effects of marine research 


Sir,—-Each time I re-read Desmond 
Scott’s assessment (30 June, page 762) 
of the effects on marine research of 
the Third United Nations Conference 
on the Law of the Sea, I get more 
annoyed. It is not that his forecast 
seems improbable—coastal states are 
indeed likely to exert total control 
over all scientific research on their 
continental shelves and within 200 
miles of their shores. But the account 
of how this situation arose and how it 
should be cured exhibits a curious bias. 

Scott appears to attribute all political 
difficulties between developing and 
developed countries, especially as they 
pertain to ocean resources and jurisdic- 
tion, to the marine scientists. His 
view of them is surprisingly bitter and 
unfortunately misleading. I contend 
that the scientists had little to do with 
creating the problem and can do little 
to solve it. In the confrontation 
between the developed and developing 
countries, related as it is to the history 
of colonialism and its children, post- 
and neo-colonialism, and accompanied 
by the emergence of the ‘new economic’ 
order’, marine science has played a 
pretty trivial role. 

The issue of control over marine 


science was initially evoked for 
bargaining purposes, could well have 
been dropped once the question of 
jurisdiction over coastal resources was 
settled, and now refuses to go away, 
to the great eventual cost of all who 
use the ocean and its resources or are 
affected thereby. International inter- 
actions under the new law of the sea 
will be among governments, not indi- 
viduals, and there are few governments 
whose actions are determined by 
scientists, especially when larger 
political forces are at play. 

WARREN S. WOOSTER 
Institute of Marine Studies, 
University of Washington, USA 


Harvesting whales 


Sir,—In your “in brief columns 
(16 June, page 576) there is a confused 
and inaccurate account of some 
analyses I have done on the dynamics 
of harvested populations. Particularly 
misleading is a belief attributed to me 
that certain whale species are under the 
threat of extinction due to the dynamic 
instability of the harvesting strategy. I 
have never made any statement to this 
effect and do not believe it to be true. 
Indeed the idea is absurd. 
JOHN BEDDINGTON 

Department of Biology, 

University of York, UK 


Darwin and his flowers 


Sir,—In view of your reviewer’s accept- 
ance of “the role of plants in Darwin’s 
scientific life,’ (21 July, page 273) it 
may be of interest to mention that in 
a collection of unpublished letters from 
eminent botanists and gardeners, 
written to the late William Robinson, 
editor of The Garden (1871-1927), 
and preserved by a member of this 
Association related to Robinson, are 
some written by Charles Darwin from 
Downe, Kent in 1875. 

On 4 January he wrote: “I am 
much obliged for your kind gift of 
six copies of The Garden, with a draw- 
ing of myself and a notice of my 
works. This notice is drawn up in the 
most generous spirit and is highly 
honourable to me. I thank the writer 
very sincerely.” 

In a further letter he wrote: “I may 
mention (though it is improbable) 
that you can aid me on one point. 
If you have some Euralye ferox, and 
if it produces more than one flower at 
a time, I wish you would cross some 
and fertilise some others with their 


own pollen, in order to see, when their 
seeds are counted, whether the cross 
aids at all in increasing their fertility. 
The Euryale is dead at Kew where 
they would have made the trial on 
a large scale for me. Professor Car- 
pavy (?) has advanced this plant as 
a case of self-fertilisation for many 
generations with unimpaired fertility.” 

He also asked for some experiments 
with two distinct plants of Nymphaea 
which were protected while expanded 
from insects. On 5 May he wrote: “I 
write . . . to thank you and to say that 
it will be superfluous to castrate the 
flowers which are crossed with a pollen 
from a distinct plant, grown under 
as different circumstances ... as 
maybe. .. . The flowers fertilised with 
their actually own pollen should 
certainly be protected from insects. ... 
I was glad to see you elected to the 
Linnaean Society.” 

Charles Darwin’s chief contribution 
seems to have been to make the world 
realise that plants have a history as 
well as a structure which had been 
the sole concern of most botanists. 

Eric Harpy 
Merseyside Naturalists’ Association, 
Liverpool, UK 


Grants for social science 


Sir,—The article ‘Research on re- 
search’ (4 August, page 398) refers to 
the sum of £25,000 transferred to the 
Social Science Research Council 
(SSRC) from the Council of Scientific 
Policy (CSP) for science policy studies. 
You state that the research grant to 
the Science Policy Research Unit 
(SPRU) at the University of Sussex 
“means that other applications are 
denied”. This is untrue, and is a mis- 
understanding of SSRC’s procedures. 

The grant made to SPRU is under the 
SSRC’s research grant scheme, and the 
funds come from the general research 
grant allocation. The sum transferred 
to SSRC from CSP for science policy 
studies is at the disposal of the 
Research Initiatives Board (RIB) for 
research contracts. Should the RIB and 
Council decide to give greater priority 
to science policy studies it is up to them 
to take a further initiative in this area. 

It is therefore untrue that the re- 
search grant to SPRU closes the door 
to other applicants. 

Davin WAINWRIGHT 

Social Science Research Council, 
London, UK 
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Nucleosome core structure 


from Michael Spencer 


Tuis issue of Nature (page 29) con- 
tains the first results of an examination 
of crystals made from chromatin core 
particles. The analysis, by Finch ef al. 
of the MRC’s Cambridge laboratory, is 
an impressive result of applying all the 
resources of a multidisciplinary group 
to rather limited data, so as to extract 
from it the maximum amount of 
information. 

The core particle is a repeating unit 
containing 140 base pairs of DNA and 
an octamer of basic proteins, and is 
a degradation product of the complete 
nucleosome which (in rat liver) contains 
200 base pairs and an extra protein. 
Earlier workers on nucleosomes have 
used electron microscopy, X-ray and 
neutron diffraction, and biochemical 
techniques, to build up a tentative pic- 
ture of a somewhat asymmetrical par- 
ticle with a hole in the middle, the 
DNA being wrapped round the outside. 
A model which anticipated some of the 
features seen by Finch et al. has been 
described by Richards et al. (Cell 
Biology, Int. Rep 1, 107; 1977). Finch 
et al. have now established a model of 
this type in a rigorous manner and filled 
in some new details, by developing a 
large scale preparation method for 
homogeneous core particles and obtain- 
ing single crystals. 

Crystals were first obtained in 1975 
by Bakayev et al. (Nucleic Acids Res. 
2, 1401), but they could only record 
powder diffraction patterns because the 
crystals were too small. Even now the 
analysis is restricted to details larger 
than about 20 A, either because of the 
disorder within the crystals or because 
there is a combination of small crystal 
size and large unit cell. It is enough, 
however, to define a probable path for 
the DNA and to suggest some features 
of the protein core. An interesting new 

‘technique, which will surely be applied 





Michael Spencer is a Research Fellow in 
the Department of Biophysics at King’s 
College, London. 


to other large structures in the future, 
has been the use of electron micro- 
scopy to deduce the phases of the X-ray 
reflections. This vital information, with- 
out which a structure cannot be solved, 
is often deducible only with the aid of 
isomorphous derivatives which in the 
present case were not available. 

Finch et al. got round this difficulty 
by taking electron micrographs of small 
fragments of single crystals, and obtain- 
ing optical diffraction patterns from the 
micrographs. Some of these patterns 
could be identified with the three differ- 
ent X-ray patterns obtained with each 
of the unit cell faces at right angles to 
the beam (the ‘principal projections’). 
Having done this, they calculated 
Fourier transforms from the density 
distributions in the micrographs and 
used these to deduce phases (or signs) 
for most of the X-ray amplitudes. The 
remaining signs, which were needed to 
extract the fine detail information 
present in the X-ray patterns, were 
deduced by trying different combina- 
tions of signs until the three indepen- 
dent particles in the unit cell looked as 
similar as possible in the calculated 
electron distribution. 

The picture that emerges is of a 
roughly disk-shaped particle of diameter 
110A and thickness 57 A, divided into 
two symmetrically arranged halves 
along its short axis and somewhat 
wedged-shaped, like a half-open oyster. 
The authors have, with Cantabrigian 
erudition, coined the name ‘platysome’ 
to describe it. The DNA cannot be 
positively located, but the electron dis- 
tribution suggests that it forms a 
superhelix of pitch 28 A round the out- 
side of the protein core. Now enzyme 
digestion studies by a number of 
workers (for example Simpson & 
Whitlock Cell 9, 347; 1976) show that 
nuclesome DNA chains are most sensi- 
tive to attack at intervals of 10 bases 
along their length. This is consistent 
with a DNA double helix of 10 base 
pairs per turn wrapped round a pro- 
tein core. There are, furthermore, 


tracts of relatively low sensitivity which 
suggest that the protein is in closer 
contact with DNA at two points in 
each turn of the superhelix. From 
this Finch et al. deduce that the DNA 
occupies 13 turns of superhelix per 
particle, and that the digestion pattern 
is consistent with the core possessing a 
dyad or axis of symmetry. 

One further feature of the model is 
of interest. It has been known for some 
time that when closed circular DNA 
interacts with histones to form synthetic 
nucleosomes, the DNA appears to twist 
up to form 1-14 turns of left-handed 
superhelix per nucleosome (for example 
Germond et al. Proc. natn. Acad. Sci. 
U.S.A, 72, 1843; 1975). Since a single 
turn of superhelix would be too large to 
account for the known size of a nucleo- 
some, various ingenious schemes have 
been postulated involving folds or kinks 
in the DNA to make it more compact. 
Now, however, Finch et al. believe that 
the DNA is not kinked, but that the 
Watson-—Crick helix winds up slightly 
on interaction with the histones. (It is 
not suggested, as eager iconoclasts 
might conclude from the paper’s 
abstract, that there is any change in the 
sense of the helix). If the histones were 
removed the DNA would then unwind 
from 10 to between 10.4 and 10.7 base 
pairs per turn. The fact that purified 
DNA fibres show exactly 10 residues 
per turn in the B form could arise from 
a distortion due to crystal packing, and 
Levitt (one of the paper’s authors) has 
done energy calculations that support 
this view. 

What next? Clearly, there is hope 
that better crystals will give data at 
higher resolution. The best crystals 
obtained so far have, paradoxically, 
come from particles in which there 
was considerable protein degradation. 
This is clearly unsatisfactory, but the 
authors give reasons for believing that 
the gross structure is similar to that of 
intact particles. It does not follow that 
intact nucleosomes do mot have identi- 
cal structures; little is known about why 

















homogeneous preparations can still 
refuse to crystallise, as many workers 
on tRNA know to their cost. In any 
case the present work is a promising 


Can surfaces of 
metals spontaneously 


from John Pendry 


Tue simplest model of atomic arrange- 
ments at clean surfaces assumes that 
the surface is created by removing all 
atoms on the vacuum side of the sur- 
face plane whilst freezing the positions 
of those on the crystal side. Such a 
model belies the complexity of forces 
at surfaces: structure is determined by 
the electronic energy levels which are 
known to be severely distorted by the 
presence of a surface, and the wonder 
is that so simple a model should ever 
work rather than that there are excep- 
tions to it! 

Deviations from the model are par- 
ticularly easy to detect when they in- 
volve structure of new symmetries, 
that is, puckering of the surface. In 
that instance the diffraction pattern 
obtained using a beam of low energy 
electrons changes and acquires extra 
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start, and we can look forward to 
following a period of intensified com- 
petition between the interested labora- 
tories. O 


distort? 


details clearly visible on the fluorescent 
screen used to detect the electrons. It 
was in this way that two groups (Felter, 
Barker and Estrup at Brown Univer- 
sity (Phys. Rev. Lett. 38, 1138; 1977) 
Debe and King at Liverpool University, 
(J. Phys, C. 10; 1977)) working indepen- 
dently, discovered a structural re- 
arrangement on the (001) surface of 
tungsten. A similar rearrangement on 
the (001) surface of molybdenum was 
also observed by the Brown group. 
The rearrangement occurred below 
300 K and the transition appeared to be 
perfectly reversible. In a subsequent 


preprint Debe and King report a deter- 
mination of the space group of the new 
structure, and are currently analysing 
intensities in their diffraction pattern in 
order to find the detailed atomic con- 
figuration. 





Fig. 1 Free energy plotted as a function of d the amplitude of a periodic 
displacement of surface atoms; a, for the case of two minima; b, for the case 
when a soft mode appears. 
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Fig. 2 a, Schematic density of electronic states with a large peak near the Fermi 
energy which favours a transition that splits the peak as shown in (b), thus 
lowering the average energy of electrons. 
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Although observation of a structural 
rearrangement is relatively simple it is 
no trivial matter to be sure that it was 
not induced by impurities. In fact 
hydrogen is known to induce a similar 
Structure on a tungsten (001) surface. 
The present structure was probably 
originally observed by Yonehara and 
Schmidt (Surface Sci. 25, 238; 1971) 
but the question of hydrogen con- 
tamination could not be resolved at 
that time. The present work estab- 
lishes conclusively that the structure is 
a clean surface effect. The Brown 
group also demonstrate that it is not 
due to a phase transition in the bulk 
of the, material; chromium is known to 
have such a transition, but molyb- 
denum and tungsten were both shown 
to be free of bulk transitions by X-ray 
analysis which is sensitive only to bulk 
effects. 

It has been clearly shown that the 
distortion is due to an intrinsic property 
of the clean tungsten surface but it has 
yet to be established which particular 
property is responsible. 

The stable structure of a system is 
always the one with lowest free energy 
(E) so that if we plot E as a function 
of, say, the amplitude (d) of a periodic 
displacement of the surface atoms it 
will appear as shown in Fig. 1. Two 
cases are shown. In Fig. la the free 
energy has two minima which vary as 
functions of temperature. At the tran- 
sition temperature the second mini- 
mum overtakes the first and the 
stable structure jumps discontinuously 
to one with a finite-amplitude periodic 
displacement of the surface atoms. For 
the surface to achieve the newly stable 
configuration many surface atoms must 
jump across the potential barrier 
between the metastable and stable 
Structures. It is a characteristic of 
such transitions that they are ‘sluggish’ 
tending to show supercooling and 
superheating effects. 

No such hysteresis was observed in 
this experiment and it is more likely 
that the transition was of the so-called 
‘soft mode’ type shown in Fig. 16. The 
restoring force for the displacement in 
this type of transition goes continuously 
to zero as the temperature is lowered 
to the transition point. Hence there is 
a precursor to the transition in the 
form of a vibrational mode whose fre- 
quency goes to zero, that is to say goes 
‘soft’, as the temperature is lowered. 
Below the transition point the ampli- 
tude of the periodic displacement 
becomes finite, increasing with decreas- 
ing temperature. The period of the 
distortion need not be commensurate 
with the original lattice spacing but in 
the instance of the tungsten (001) sur- 
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face it appears to be so, the new 
periodicity being double the old one. 

A common mechanism for producing 
soft. modes is the occurrence of a high 
density of electronic states near the 
Fermi level, giving rise to a so-called 
Peierls instability. The argument is that 
distortions of lower symmetry split the 
„electronic levels, driving some above 

~and some below the Fermi level. Figure 
2 shows the general idea. If the density 
of states at the Fermi level is high 
enough the lowering of energy in the 
occupied states will cancel other posi- 
tive contributions and make the distor- 
tion energetically favourable. 

It seems likely that a theory of the 
clean surface reconstruction will also 
shed light on chemisorption of foreign 
atoms. The Brown group observed that 
adsorption of hydrogen produces. dif- 
fraction patterns that though different 
from the reconstructed clean surface 
pattern, have certain features in 
common with it. -They speculate that 
hydrogen induces the surface to recon- 
struct even when the temperature is 
above the clean surface transition point. 
If this is correct it is to be expected 
that the soft mode responsible for the 
reconstruction will affect the energies 
of chemisorption. 

These experiments challenge our 
understanding of surface electronic 
structure and its role in creating 
soft modes. Densities of states at sur- 
faces are not easy to determine with 
the precision demanded here, but on 
the other hand as much experimental 
information is available about the elec- 
tronic structure of tungsten as almost 
any other material and some interesting 
developments can be expected. o 





Disulphide bonds 
and protein folding 


from M. J, Geisow 


Tue study of the mechanisms by which 
proteins fold seeks to unravel the 
stereochemical determinants of tertiary 
structure, with the commendable long- 
term goal of predicting three- 
dimensional structure from amino acid 
sequence. Advances in the 1970s, both 
in formulations of concepts and in 
theoretical and experimental treat- 
ments of protein folding have been 
comparable with the rapid development 
of protein crystallography in the 1960s. 
By analogy, the next decade should see 
the first predicted structures, a pre- 
view of which might be the successful 
approximation of the pancreatic tryp- 
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Globin hnRNA = pre-mRNA 


from Bob Williamson 


DEFINITIVE work proving the exist- 
ence of a high molecular weight 
precursor of mRNA has at last 
appeared, confirming the suspicions 
of a decade. Readers of these 
columns will know that for years the 
argument has proceeded between 
those who thought each high mole- 
cular weight RNA molecule an 
aggregate, and those who thought 
each cleavage due to inadequate puri- 
fication techniques and omnipresent 
and omnipotent ribonucleases. Re- 
cently several groups, and in par- 
ticular P. Curtis and C. Weissmann 
in Zurich, have shown a 15S pre- 
cursor double the size of globin 
mRNA in induced mouse Friend 
erythroleukaemia cells, but this does 
not satisfy the true exponent of pre- 
cursors. We need hnRNA molecules 
10 times larger than the final product, 
for a given mRNA, to fit our 
favoured theory. 

Bastos and Aviv have now pro- 
vided the data (Cell 11, 641; 1977). 
They have looked at nuclear RNA 
from both mouse Friend cells and 
mouse spleen, and have found a 
nuclear RNA containing globin 
sequences at least 27S in size (ap- 
proximately 5,000 nucleotides long), 
or seven times the mRNA length. 
Aviv’s group identified this RNA 
species using a column of globin 
complementary DNA (cDNA) bound 
to cellulose. Since the cDNA was 
present in large excess the kinetics 
of hybridisation were favourable even 
for the small amounts of globin- 
specific hnRNA present. 

After a Smin pulse of labelled 
uridine, over two-thirds of the counts 
are in an RNA molecule sedimenting 
at 27S. It is processed with a half life 
of 5 min, first to an RNA of size 15S, 
previously shown by others, and then 
to the final mRNA. (There may be a 
small pool of mRNA in the nucleus, 


which takes time to equilibrate to the 
cytoplasm; there is room in Aviv’s 
data for yet another control step at 
this point). The scheme seems very 
similar for Friend erythroleukaemia 
cells and normal spleen, whichis 
gratifying, since there is always: re- 
sidual concern when a generalisation: 
is based on as atypical a model as a 
cell in continuous culture trans- 
formed by an RNA tumour virus 
and induced into erythropoiesis by 
an organic chemical acting on 
membranes. 

The other interesting result pre- 
sented is that the large 27S precursor ` 
has no poly(A) tail; this only appears 
after cleavage to the 15S molecule. 
Therefore poly(A) addition is not 
only a post-transcriptional event; it 
also occurs as part of intermediate 
processing. It should be possible 
shortly to determine whether: the 
poly(A) is added internally and what 
is the position of the mRNA 
sequence in the 27S precursor. 

Another group has also studied 
mouse spleen cells in culture using 
DNA bound to cellulose, and using 
very rigorous denaturation conditions 
with treatment by formaldehyde, 
which breaks secondary structure 
irreversibly (Kwan, Wood & Lingrel 
Proc. natn. Acad. Sci. U.S.A. 14, 
178; 1977). In this case the RNA, 
pulse labelled for 10min and pre- 
pared by several different techniques, 
was isolated and run on gels, and 
showed the 15S precursor peak but 
no 27S RNA species. The reason why 
some groups fail to find this larger 
species while others do is unclear, but 
may be related to the very rapid 
processing of nuclear RNA, even 
while it is synthesised, in some 
culture conditions. 

Bob Williamson is Professor in the 


Department of Biochemistry at St Mary's 
Hospital Medical School, London. 





| eeens CCC TCT RAC CACO 


sin inhibitor structure by Levitt and 
Warshel (Nature 253. 594; 1975). 
Many reports of the change of pro- 
tein structure consequent upon de- 
naturation and refolding have been 
based on kinetic measurements using 
optical, chiroptical or magnetic 
resonance properties of the amino acids 
to monitor the microenvironment. 
Typically, these experiments indicate 
biphasic or multiphasic pathways, 
which point to the existence of signifi- 
cant intermediate states. Thermo- 
dynamic observations are often more 
simply explained by an equilibrium of 
native and unfolded forms, suggesting 


cooperativity in protein folding. Such a 
hypothesis is almost certainly an over- 
simplification for whole proteins, but 
might well describe the formation of 
component elements of secondary 
structure such as -pleated sheet. The 
pattern of formation of hydrogen 
bonds in this structure would seem to 
provide an excellent physical model for 
a highly cooperative folding process. 
The classical method of studying 
mechanism in chemistry is to trap 
intermediate states and infer the path- 
way from the structures of these inter- 
mediates. In disulphide proteins nature 
has provided just such potential inter- 
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mediates, since the order of formation 
of disulphide bridges must reflect the 
folding pathway. ‘Freezing’ the reaction 
by acid or alkylating reagents then 
provides covalent intermediates for 
study at leisure. 

A prerequisite for the extrapolation 
of results from the particular disulphide 
proteins studied to general notions of 
folding, must be the demonstration that 
disulphide formation does not provide 
of itself the dominant driving force for 
protein folding. The consensus is that 
the peptide chain promotes rapid and 
specific disulphide formation and not 
vice versa. For example, in denaturants 
such as guanidinium chloride, correct 
disulphide bridging does not occur, 
even in the presence of thiols to allow 
disulphide exchange to correct ‘wrong’ 
bridges. 

Having said this, it is also certain that 
in the absence of denaturants, the 
initial disulphide bridges formed are 
not necessarily native. Workers usually 
refold proteins in the presence of redox 
systems such as dissolved O:, oxidised 
and reduced glutathione or even di- 
sulphide exchange proteins (re- 
shuffleases) to prevent the accumula- 
tion of non-native forms. In all of these 
oxidation methods it is clear that thiol- 
disulphide exchange is the principal 
process which leads ultimately to the 
native forms. Since a third factor (an 
oxidised thiol) must participate in the 
formation of each disulphide bond a 
question of accessibility arises, parti- 
cularly for disulphide bridges which are 
deeply buried in the final structure. The 
degree to which the oxidative mechan- 
isms influence the folding pathways is 
not known, but many workers have 
nevertheless found it relevant to ask 
what light disulphide bridges can shed 
upon the folding process. 

The questions then are: which are 
the initial disulphides, what regions of 
tertiary structure do they connect and 
are there early native disulphides or do 
they consist of predominantly non- 
native forms? The principal answers to 
these questions have been sought in 
studies of ribonuclease A (RNase A), 
bovine pancreatic trypsin inhibitor 
(BPTI) and lysozyme. These are 
arguably an unrepresentative group 
because they are all very small and 
stable proteins, but they are sufficiently 
well characterised for precise study. 

Two general mechanisms have 
emerged. The first is a random search 
mechanism in which a rapid phase 
occurs where there is formation of 
many randomly-paired disulphides and 
mixed disulphides, followed by a re- 
shuffle to the native form. This folding 
pattern was deduced for RNase A 
(Hantgan et al. Biochemistry 13, 3421; 
1974). 

The second is a limited search mech- 


anism where theré is rapid formation 
of a few specific disulphides, followed by 
slower reoxidation and exchange of the 
remainder to produce the native struc- 
ture. Anderson and Wetlaufer (J. biol. 
Chem. 251, 3147; 1976) found that the 
first two native disulphides of reduced 
lysozyme formed eight times more 
rapidly than the second two, implying 
an ordered progression to the final 
structure. Creighton (J. molec. Biol. 95, 
167; 1975) observed that the refolding 
of BPTI could only take place through 
the formation of two of the four major 


disulphide intermediates present 
initially, suggesting an obligatory fold- 
ing pathway. 


The latter mechanism is certainly 
more consistent with the idea of nuclea- 
tion regions which, formed early during 
folding, predispose to particular disul- 
phide bonds. Creighton notes that the 
predominant cysteine residues involved 
in early disulphides in BPTI are at the 
centre of an a-helix and an antiparallel 
B-pleated sheet respectively; secondary 
structure is the favoured site of 
nucleation in folding proteins. Even if 
each of these mechanisms is correct 
for the respective protein, the experi- 
ments rule out the ‘all or none’ or co- 
operative picture of protein folding, 
since disulphide formation is far more 
rapid than the return of biological 
activity. 

More recently an ingenious thermo- 
dynamic approach has overcome the 
technical problems of ‘trapping’ the 
rapidly reoxidising disulphide bridges. 
Acharya and Taniuchi (Proc. natn. 
Acad. Sci. U.S.A. 14, 2362; 1977) have 
allowed randomly alkylated lysozyme 
containing one blocked cysteine residue 
per mol of protein to refold over an 
extended period. Enzymically active 
material isolated after refolding con- 
tained eight isomers representing each 
of the four possible ways of forming 
three native and one open disulphide 
bridges. There were similar amounts of 
these four forms. Such an observation 
clearly rules out an obligatory pathway 
for the formation of correct disulphide 
bonds. since the folding routes must 
have been independent of each disul- 
phide in turn, although ultimately pro- 
ducing near-native molecules. Achar- 
va’s and Taniuchi’s result does not fix 
the sequence of events leading to the 
correct structure and therefore cannot 
rigorously distinguish between a ran- 
dom or nucleation folding mechanism. 
However, the inability of a particular 
disulphide to form did not appear to in- 
fluence the final fold. This lends some 
support to the notion that the early 
folding events reflect what the peptide 
chain is trying to do, rather than simply 
the need of the cysteines for oxidation 
The truth, of course, is probably a bit 
of both. 
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The recent topological analysis of 
protein structure by Levitt and Chothia 
(Nature 261. 552; 1976) points to the 
presence of a limited set of folding 
units in globular proteins, composed of 
adjacent elements of a-helix and g- 
structure. The elements of secondary 
structure concerned are also close in 
linear sequence, suggesting that they 
could quickly form appropriate inter- 
actions to produce units of tertiary 
structure. Such folding units apparently 
occur with a statistically very signifi- 
cant frequency in the 31 proteins 
examined. The authors argue that the 
folding of proteins is kinetically deter- 
mined by the high probability of forma- 
tion of these folding units, which 
subsequently interact with each other 
to produce the native structures. This 
attractive hypothesis might be testable 
in disulphide proteins. The identifica- 
tion of cysteine residues which would 
be brought into proximity within a 
Levitt-Chothia folding unit should 
coincide with the experimentally 
observed early disulphides, even though 
these might not be the final native 
ones. oO 


Weather on Neptune 


from Garry E. Hunt 


Srupies of the weather systems of 
planetary atmospheres provide a greater 
insight into the meteorological pro- 
cesses involved in a wider range of con- 
ditions than can be achieved through 
investigating the Earth alone. In addi- 
tion to the direct spacecraft observa- 
tions, Earth-based measurements of the 
changing cloud patterns of Venus, 
Mars, Jupiter and Saturn have pro- 
vided a wealth of data on their atmos- 
pheric phenomena, The same approach 
cannot be applied to atmospheric 
studies of Uranus and Neptune since 
these planets are too distant for direct 
telescope observations of any cloud 
systems to be possible. In these con- 
ditions it is necessary to adopt a subjec- 
tive approach such as monitoring the 
planetary brightness spectrum = or 
changes in the absorption spectra 
formed in the cloudy planetary atmos- 
phere. Certainly patrols of the hydrogen 
features in the Jovian atmosphere have 
been shown by Hunt and Bergstralh 
(Icarus 30, 511; 1977) to be good identi- 
fiers of planetary motions and varia- 
bilities in the cloud layers. A patrol of 
the Neptune reflectance by Joyce et al. 
(Astrophys. J. 244, 657; 1977) indicates 
a substantial but unexpected increase in 
the planet’s reflectance between 1 and 
4 yum, between April 1975 and March 
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1976, with an increase of a factor of 
4 at 35pm (L band). Pilcher 
(Astrophys. J. 214, 663; 1977) suggests 
that these measurements are the first 
direct evidence of weather on Neptune 
caused by rapid variations in the cloud 
structure. Paradoxically, the simul- 
taneous observations of the nearer 
planet Uranus show no variation during 
this observational. period. Could Nep- 
tune have weather and Uranus not? 

The radiative time constant is the 
time taken for a mass. of air to warm 
up or cool by radiating in the infrared 
portion of the spectrum. Stone (Space 
Sci. Rev. 14, 444; 1973) suggests that 
for Uranus this parameter is about 
600 Earth years which is long compared 
with both its orbital and rotational 
periods of 84 yr and 22 + 2h. Similarly 
for Neptune the relaxation time is 
about 2,200 yr which is again 
enormously long compared with the 
orbital periods of 164 yr and 21 + 2h 
respectively. Consequently, this would 
suggest minimal diurnal and seasonal 
changes in the atmospheric structure of 
the visible cloud layers. Furthermore, 
we would expect the planets to behave 
in a similar manner, which, at first 
sight, is not borne out by the measure- 
ments of Joyce et al. (op cit.). Is it 
possible for Neptune to possess a more 
active weather system or more variable 
cloud layers? 

The increase in the Neptune reflec- 
tance observed by Joyce et al. must be 
due to a corresponding increase in the 
planetary albedo. Correspondingly, it 
would also require a reduction in the 
atmospheric absorption, which is sub- 
stantiated by the smaller amounts of 
methane and hydrogen they derive, 
compared with the previous studies by 
Owen (Icarus 6, 108; 1967) and 
Encrenaz et al. (in Exploration of the 
Planetary System ed. Woszczyk, A. & 
Iwaniszewska, C., Reidel, 1974) respec- 
tively. Does this imply a variable cloud 
structure affecting the level where the 
absorption lines are formed? 

There seems little doubt that the 
Neptune atmosphere (and Uranus too) 
will possess layers of cloud. Prinn and 
Lewis (Astrophys. J. 179, 333; 1973) 
predict a layer of methane haze in the 
upper troposphere of both these 
planetary atmospheres, which may be 
more substantial in thickness in the 
colder Neptune environment. At the 
lower levels, layers of NH;, NH,SH and 
aqueous NH; could possibly form but 
they are unlikely to affect the spectro- 
scopic or photometric observations. 


“e What could cause the methane cloud 


opacity to vary, since this is the most 
likely candidate to explain the para- 
doxical observations of Joyce et al.? 
Morrison and Cruikshank (Astrophys. 
J. 179, 329; 1973) found that at 20 um 
Neptune has a higher brightness 





temperature (~ 58K) than Uranus 
(~ 53 K). Does this mean that Neptune 
(and not Uranus) may have an internal 
heat source? It would then be possible 
for this energy source to produce con- 
vective activity in the Neptune atmos- 
phere which would be important in the 
planet’s meteorology. The solar energy 
at the distance of Neptune is extremely 
weak, and would therefore have a 
limited effect in suppressing the atmos- 
pheric convection, as is apparently 
achieved in the region of Jupiter 
bounded by + 45° latitude (Ingersoll 
Space Sci. Rev. 18, 603; 1976; Hunt 
Ady. Physics 25, 455; 1976). It would 
then be. possible for this redistribution 
of atmospheric heating to modify the 
upper troposphere thereby affecting the 
condensation processes.: The resulting 
variability in the cloud structure would 
then create the changes in reflection 
and absorption properties observed. 
However, these measurements are for 
the whole planetary disk, so that it is 
possible that global scale features are 
being observed. Perhaps this then sug- 
gests that Neptune may not. possess 
belts and zones which are so familiar 
on Jupiter and Saturn. 

But why should Uranus not show 
similar variations during this time 
period? The 20m observations of 
Morrison and Cruikshank (op. cit.) 
could be interpreted as suggesting that 
Uranus may not have an internal heat 
source. This would then imply less con- 
vective activity in the Uranus atmos- 
phere, so that perhaps one would not 
expect to observe variability in the 
cloud layers. But perhaps Uranus does 
have an internal heat source. Then it is 
quite likely for the atmosphere to ex- 
hibit some variability, but the time 
scale may be affected by peculiar in- 
clination of the rotational axis. The 
level of activity may depend upon the 
portion of the disk that is observed, so 
that it is essential for a patrol of the 
Uranus atmospheric features to be 
carried out during the next few years. 

The brightness of the outer planets, 
Uranus and Neptune have been 
patrolled by Lockwood (Science 190, 
560; 1975) to study possible variations 
in the solar constant, which would 
obviously affect every planetary atmos- 
phere. If these planets, Uranus and 
Neptune, possess variable cloud layers, 
which could modify the planetary 
brightness, then it may be necessary to 
reconsider this type of study. However, 
there is little doubt that future studies 
of the meteorology of Neptune pro- 
vide a further environment to study at- 
mospheric processes very different from 
those of the Earth’s atmosphere, so 
that there is a great deal to be done 
with our telescopes and computers 
before the planet is visited by Voyager 
in 1989, O 
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Structural gene 
for myosin 


from Carol K. Klukas 


In a recent issue of the Journal of 
Molecular Biology (114, 133; 1977) A. 





R. MacLeod, R. H. Waterston, R. M.. 


Fishpool and S. Brenner report their 
identification of a structural gene fora 
myosin heavy chain in Caenorhabditis 
elegans, a small nematode. worm. 
Their report represents another step in 
the long term project being undertaken 
in Sydney Brenner’s laboratory to dis- 
sect the genetic specification of this 
creature, a representative and yet 
manageable eukaryotic organism, o 
The basic approach is that used to 
dissect the much simpler genetics of 


bacteria. In bacteria genetic analysis 


of mutants provides, an. outline. of, the 
genetic organisation: how. many genes 
are involved in any particular process 
and how they are arranged on the 
chromosome for example. Biochemical 
measurements (such as assays for 
activity of specific enzymes in various 
mutants) then can provide information 
on precisely how the genes work to- 
gether to specify a particular bio- 
synthetic process within the bacterial 
cell. 

But the problem of deciphering and 
dissecting the genetic system which 
dictates the complexities of a multi- 
cellular organism, in which different 
cells each with their particular bio- 
chemical processes, must be positioned 
in a correct spatial relationship and 
must function in a correct relationship 
temporally, seem daunting. However, 
the I-mm long C. elegans, which con- 
sists of a total of only some 600 cells 
and has a life cycle of only 34 days 
is an organism uniquely suited to such 
an attempt. 

The DNA content of this worm’s 
genome is only 20 times‘ that of 
Escherichia coli, and of this DNA 
only 6.710" base pairs code for 
unique sequences, enough to code for 
about 6.7X10* average-sized genes. 
This number is large enough, but is 
considerably more manageable than 
that of most other eukaryotes. Further- 
more, because C. elegans is herma- 
phrodite, recessive mutants are easy to 
isolate and since the defect is reliably 
transmitted to the offspring a ready 
supply of recessive mutants for study 
is assured. Although C. elegans does 
not have many external features. in 
which abnormalities can be detected, 
useful behavioural mutants can be 
quite easily detected visually whose 
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abnormalities often directly indicate 
mutations in the mervous system or 
musculature. 

With these advantages in mind, 
Brenner’s group has set about the slow 
task of dissecting the genetic specifica- 
tion of C. elegans, especially that of 
the nervous system. The work involves 
the characterisation of mutants such 
as E675 which maps in the unc-54 gene 
and was used in the recent J. molec. 
Biol. paper to identify the unc-54 gene 
as the structural gene for a myosin 
heavy chain present in a major frac- 
tion of the total nematode myosin. All 
worms with mutations in the unc-54 
gene, including deletion mutants, have 
disorganised muscles due to a drastic 
decrease in the number of thick fila- 
ments in the body wall musculature, 
but these mutants survive because the 
pharyngeal muscle continues to func- 
tion normally. In E675 the myosin has 
a molecular weight of 210° rather 
than the normal 2.1 10° component. 
By means of cyanylation and cyanogen 
bromide cleavage the authors show 
that the mutant heavy chain is an 
altered form of the wild-type myosin 


and thus conclude that unc-54 is the 
structural gene for this heavy chain. 
There are always some thick fila- 
ments visible in the body wall cells of 
unc-54 mutants, even in the deletion 
mutants. This indicates the presence of 
multiple myosins in C. elegans as has 
been noted in higher organisms. 
In normal worms do other myosins 
associate with unc-54 heavy chain to 
form hybrid myosin molecules or do 
thick filaments containing mixed 
myosin populations occur? The sug- 
gestion from observation of mutants is 
that mutant heavy chains can interfere 
with the production of normal myosin 
in some way and it will be part of the 
C. elegans puzzle to work out this 
interplay between myosins and the 
genes which direct their synthesis. 
The whole puzzle is very complex in- 
deed, but each piece which is fitted in 
by Sydney Brenners group brings 
closer a complete picture of just how 
the information specifying a higher 
organism is stored in its genes and 
unravelled in the correct sequence to 
dictate the development of an organism 
such as C. elegans. G 


Surveying the roof of the world 


from T. B. Tang 


Many large-scale geographical and 
scientific surveys have been conducted 
in China since 1949, particularly in the 
past five years. In 1973-75, for ex- 
ample, the State Department of Agri- 
culture and Forestry undertook a land 
resources survey of the Heilungkiang 
(Amur) region, in which scientists co- 
operated with the ordinary citizen. The 
Department of Geology carried out in 
1974-77 an airborne geophysical survey 
of the southern Yellow Sea, East China 
Sea, and South China Sea. The largest 
and most comprehensive survey to date 
must be, however, the four-year 
expedition to the Chinghai-Tibet 
Plateau, organised by the Academia 
Sinica and started in 1973. The Plateau, 
sometimes referred to as the ‘third 
Polar Region’ or the ‘roof of the 
world’, is of immense scientific and 
other interest. In 1951 and 1960, local 
and specialised surveys were carried 
out in that vast area, and their results 
were used in the planning of the 
present expedition. More than 400 
scientists, from 45 institutes and spe- 
cialising in some 50 disciplines, took 
part at one time or another. The field 
work now completed, the programme 
is entering the stage of laboratory 
analysis, data processing, synthesis of 
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results, and theoretical interpretation. 
In June the Academia Sinica arranged 
a conference at which selected fossils, 
photographs and films were shown, 
and papers describing preliminary re- 
sults were discussed (Hsinhua News 
Agency and Ta-kung-pao). 

It has long been known that the 
Plateau used to be under sea-level, but 
little was ascertained as to exactly 
when and how the uplift occurred. 
That during the early and middle 
Jurassic period Tibet was a shallow 
sea or depression was confirmed by 
the present survey from  palaeonto- 
logical evidence. More than 6,000 
fossils have been collected, dating from 
the Proterozoic and Cambrian periods 
onwards, and including those of a 
Hipparion (exhibited at the confer- 
ence) and a sauropod dinosaur. It is 
the first time that dinosaur fossils have 
been found at places now at such a 
high altitude. (A preliminary regional 
stratigraphical map has been pub- 
lished.) 

In the Pliocene Tibet became low- 
lying dry land with subtropical con- 
ditions. Then, in the ensuing period of 
several million years, a tremendous 
uplift took place. The geophysical 
model most discussed at the conference 
proposes that the upheaval was 
generated mainly by the spreading of 
the Indian Ocean floor, so that the 
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plate carrying the South Asian sub- 
continent moved northward and col- 
lided with the front edge of the 
Eurasian plate. It obliquely compressed 
and in stages ploughed into the ancient 
Asiatic continent, and in fact is still 
moving at a velocity of ~ 0.5 cm yr. 
Palaeomagnetic measurements suggest 
that the suture of the two plates is 
located roughly along the Yalu-Tsaupo 
valley. 

Gravity and earthquake data suggest 
that the thickness of the Earth’s crust 
at Mt Jolmolungma (Mt Everest) is 
~ 48km, much less than that in the 
vicinity of Lhasa which is ~ 70km. 
Geophysicists found, on the other 
hand, intense hydrothermal activity 
along a belt south of the Gangdise 
Range and north of the Himalayas. 
The initial interpretation is that this 
widespread geothermicity is the result 
of lava activities. 

Data were collected along built and 
planned highway routes, on the occur- 
rence and development of mud-and- 
stone flows. Glaciation was studied 
over large areas. Chinese glaciologists 
are now working out laws of motion 
pertaining to a rare oceanic (warm) 
type of glacier, the distinguishing 
features between this type and the 
continental (cold) type, and the chang- 
ing distributions of both on the 
Plateau. Wave-like glacial movements 
were also observed for the first time. 
After long years of slow movement, 
some glaciers show a sudden burst of 
speed in their advance. The mo- 
mentum change is frequently so large 
that the middle moraines on the sur- 
face of the ice are twisted and the 
ice surface shows cracks like a spider’s 
web. 

It is reported that the large quantity 
of good data are subjecting to severe 
tests many views currently adopted in 
the West. For instance, one hypothesis 
maintains that the Plateau was totally 
glaciated during the Quaternary Period 
and that few plants and animals 
escaped extinction to survive today. 
The survey, however, indicates that 
the Tibetan flora and fauna consists of 
many species, some of which are left 
over from the Tertiary Period. Tibet 
has more than 4,000 species of higher 
plant. Geological data show that dur- 
ing the glacial period in the Quater- 
nary, the glaciers were indeed much 
larger than at present. At that time 
the Himalayas could not yet com- 
pletely block winds coming from the 
Indian Ocean, and precipitation in 
most parts of Tibet was greater. How- 
ever, data indicate that the Tibet 
Plateau has never been completely 
covered by glaciers. Another common 
belief in the West is that northern 
Tibet is in a drought belt. The survey 
establishes that the vegetative cover 
there is basically the grassland type 
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which is, or can be made to be, good 
grazing. 

Water resources have also been in- 
vestigated. The survey determines that 
Tibet has 1,000 lakes, about half of 
the total in China. Most are tectonic 
lakes, the rest mainly formed by glacia- 
tion. They contain abundant deposits 
of salt, soda, sodium sulphate, and 
borax. The lakes have significant 
effects on the local climates and the 
areas around them possess great poten- 
tial for agriculture and animal hus- 
bandry. The fish in them are chiefly 
Schizothoracianae of the Cyprinoid 
family and barry loaches of the Cobi- 
tidae. They are different from those 
on the plains, preserving many of their 
primitive features. It is thought that 
they have evolved from those existing 
in the late Tertiary Period, and have 
undergone some adaptive changes dur- 
ing the uplift of the Plateau. 

The Chinese collected over 50,000 
specimens of higher plants, and over 
70,000 of insects, birds, animals, fish 
and other aquatic life. Preliminary 
identification work has revealed more 
than 100 new species of plants, some 
presumably having developed from 
known species (during the upheaval) 


A hundred years ago 

With reference to Galileo’s claim to 
be the inventor of the telescope, M. 
Wolf quotes (Annalen der Physik und 
Chemie) from a manuscript of 
Scheiner (1616) in a library in Zurich, 
a curious passage, of which the 
following is part: “It must be allowed 
first, considering what the telescope 
does, that Baptista Porta has better 
right to be thought the inventor, 
because he describes, after his own 
way, in obscure words and puzzling 
expressions, an instrument like the 
telescope. But secondly, if we speak 
of the telescope, as it is now used 
after general perfection, we must Say 
that neither Porta nor Galileo is the 
first discoverer of it, but the telescope 
in this sense was discovered in Ger- 
many, among the Belgians, and that 
accidentally by one Krämer, who sold 
spectacles, and either for amusement, 
or experimentation, combined con- 
cave and convex glasses, so that with 
both glasses he could see a quite 
small and distant object large and 
near; at which success being rejoiced, 
he united several similar pairs of 
glasses in a tube, and offered the 
combination at a high price to 
wealthy people. Thereafter they (the 
telescopes) became gradually more 
common among the people, and 
spread to other countries. In this 
way two of them were brought for 
the first time by a Belgian merchant 
to Italy. 

from Nature 16, 30 August, 390; 1877. 





and some being entirely unique to the 
Plateau. Identification of the detailed 
naturnal-geographic zones is now at 
an advanced stage. Incidentally, as a 
result partly of the survey but mainly 
of research started in 1971 by the 


Chinghai Institute of Biology, a 
Tibetan medical pharmacopeia was 
published in July. It is in three 


volumes, the first two dealing with 
herbal drugs and the third with animal 
products having therapeutic applica- 
tions. 455 drugs are listed, an outstand- 
ing example among which is saussura, 
a herb with a white pappus, of great 
medicinal value, but scarce in other 
parts of China. 

Besides providing a wealth of unique 
scientific data, the survey has located 
many important mineral, water, geo- 
thermal energy, and other resources, 
and showed that the Plateau possesses 
agricultural and cattle-raising potential. 
No doubt the development of Tibet will 
continue at an ever increasing pace. An 
oil pipeline is already in existence from 
Golmo in Chinghai to Lhasa, and work 
has started on a 2,100-km railway line 
to link up with the national network. 


Stress physiology 
of crop plants 


from Hamlyn G. Jones 


An international conference on 


Stress Physiology of Crop Plants 
sponsored by the Boyce Thompson 
Institute for Plant Research and the 
Rockefeller Foundation was held at 


the Boyce Thompson Institute, 
Yonkers, New York, on 28-30 June, 
1977. The conference was organised 
by H. Mussell and R. C. Staples. 





Ir is the tropical countries which have 
the greatest potential for providing the 
extra food which will be necessary to 
feed the growing world population, 
since they have extensive areas of 
potentially cultivable land where crops 
either are not grown at all or only 
yield poorly because of stresses such 
as drought, non-ideal temperatures or 
adverse soil conditions. This was the 
message in the first paper of the 
conference, given by M. N. Christian- 
sen (USDA, Beltsville). 

In the past, much of the effort 
towards improving crop yields in these 
situations has involved the breeding of 
high yielding varieties suitable only 
for near optimal conditions, with the 
consequent need to ameliorate the 
stresses by installation of expensive 
irrigation systems or by using high 
inputs of fertiliser or pesticide. As was 
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pointed out by R. C. Staples (Boyce 
Thompson Institute) in his introductory 
talk, this approach has led to the 
poorest farmers often benefiting least 
from the ‘Green Revolution’. Follow- 
ing up this point, F. N. Ponnamperuma 
(IRRI, Philippines) emphasised the 
tremendous potential for increasing 
food production without requiring large 
increases in inputs which is offered by 
the breeding of new varieties tolerant 
of stress. He gave examples of the 
recent advances achieved by the Inter- 
national Rice Research Institute in 
breeding lines tolerant of soil condi- 
tions such as salinity, alkalinity and 
zinc deficiency. 

The conference was significant in 
that it was probably the first major 
attempt to review progress in the 
application of fundamental plant 
physiological research to the breeding 
of crop varieties adapted to a range of 
stressful environments. Although .a 
wide range of stresses including disease, 
aluminium toxicity and air pollution 
was covered in the meeting, the 
majority of papers were concerned with 
temperature or drought. 

Among several interesting contribu- 
tions was one by M. J. Jaffe (Ohio 
University, Athens, Ohio) on a 
commonly neglected stress. He reported 
a series of studies on the effect of 
mechanical stimulation, such as might 
be experienced by plants brushing 
against one another in the wind, on 
plant growth and development. Even 
slight rubbing of expanding internodes 
was shown to reduce their extension 
dramatically. G. F. Somers (University 
of Delaware, Newark) described some 
speculative work where irrigation with 
sea water is being used in a programme 
designed to select new  salt-tolerant 
crops from among wild species native 
to salt marshes. If successful, this 
approach alone could greatly increase 
the world’s arable area, since there are 
large areas with saline soils or where 
saline irrigation water only is dvailable. 

The general problems of improving 
crop tolerance of stress were illustrated 
by the contributions in the field of 
drought resistance. These ranged from 
reports of fundamental studies at the 
molecular level to reports by plant 
breeders actually concerned with breed- 
ing new varieties. The present state of 
the art in breeding for drought resis- 
tance in wheat was outlined by F. T. 
Townley-Smith and E. <A. Hurd 
(Agriculture Canada, Saskatchewan), 
who described the techniques adopted 
in their own programme. Although 
they make some selections on the basis 
of ‘physiological characters’ such as the 
rate of wilting of cut leaves or the 
length of roots in seedlings, their 
programme relies heavily on yield 
measurement as the main selection 
criterion. Physiologically based screen- 


14 


ing is not emphasised in their pro- 
gramme, partly because the tests tend 
to be too complex to use on large 
numbers of lines and partly because 
most such tests tend to be poorly 
related to field performance. This 
paper highlighted the somewhat depres- 
sing fact that, to date, the physiological 
approach has. not made much con- 
tribution to the development of new 
stress-tolerant varieties. In spite of this 
there was general agreement that 
really large and rapid improvements in 
stress tolerance will only come about 
by cooperation between breeders and 
physiologists. 

Part of the difficulty is that in the 
past many laboratory physiologists 
have been reluctant to face the com- 
plexities of the field situation, which 
is, after all, where their ideas must 
ultimately be tested. An encouraging 
feature of the conference was the 
surprisingly large number of contribu- 
tions from workers who have been 
facing this challenge and have begun 
to study stress physiology in the field 
and to apply this work to plant breed- 
ing. N. C. Turner (CSIRO, Canberra), 
for instance, reviewed recent work on 
the mechanisms whereby plants adapt 
to drought stress in the field. The 
important message was that the 
responses observed in the field were 
frequently quite different from those 
found in controlled environments so 
that much laboratory work may be 
misleading. 

It was apparent from the various 
papers and discussions during the 
meeting that we are further advanced 
in our understanding of and ability to 
breed for tolerance of some stresses 
such as cold, specific ion toxicities or 
more particularly disease, than we are 
for drought. This may be largely a 
function of the complexity and vari- 
ability of droughts and the range of 
possible tolerance mechanisms. Sur- 
prisingly, perhaps, those such as A. 
Blum (Volcani Institute, Bet Dagan, 
Israel) and C. Y. Sullivan (USDA, 
Lincoln, Nebraska) who work in the 
most arid regions, tended to be the 
most optimistic and appeared to have 
made most progress in developing 
physiologically-based screening tests 
for drought resistance. Sullivan, for 
instance, reported good correlations 
between field performance of sorghum 
and several physiological tests including 
the ability of disks of leaf tissue to 
withstand osmotic stress or short 
periods at high temperatures. 

The basic optimism and philosophy 
both of the conference organisers and 
of the vast majority of participants is 
probably best summed up by this 
extract from the 1976 annual report of 
the Boyce Thompson Institute: ‘We 
beleve that there is no more important 
task for research to undertake than 


providing the technology to feed (and 
clothe) the continually éxpanding 
world population, . . . and that under- 
standing plants and pests at the basic 
physiological and biochemical level is 
essential for the future breakthroughs 
necessary... .” 0 


Earthquake 
prediction 
from R. P. Adams 

Discussions on earthquake pre- 


diction remain one of the drawcards 
at seismological meetings. It was 


appropriate that on 16 August a 
full-day symposium was devoted to 


this topic at the General Assembly 
of the International Association of 
Seismology and Physics of the 
Earth’s Interior, being held at 
Durham. 





INTERNATIONAL interest was evi- 
denced by the fact that authors from 
seven different countries contributed 
the fifteen formal papers. It was fitting 
that three papers were given by 
scientists from the People’s Republic of 
China, as this was their first chance 
to appear at meetings sponsored by 
the International Union of Geodesy 
and Geophysics since China’s admis- 
sion to that body 10 days earlier. 

In coming from the only country 
yet to have successfully predicted 
major earthquakes, the Chinese have 
a clear lead in this field. Their first 
paper, presented by Chang Yu-ming 
on behalf of a group of 10 authors, 
discussed in detail the general seismo- 
tectonics of China, while two later 
papers dealt with detailed descriptions 
of precursory phenomena associated 
with known earthquakes. Tung Sung- 
sheng spoke of variations in seismic 
velocity in Yunnan Province that 
enabled a general warning to be issued 
a year before two earthquakes of mag- 
nitude 6.7 and 6.4. Chen Yun-tai 
reported observed changes in gravity 
measurements of up to 350 ugal before 
and after the successfully predicted 
Haicheng earthquake of 1975, and 
smaller gravimetric changes associated 
with the catastrophic Tangshan earth- 
quake of 1976, that was not predicted. 
It was suggested that these surprisingly 
large differences could have arisen 
from the movement of ground water. 
In the general discussion it emerged 
that although the immediate warnings 
before earthquakes were usually de- 
pendent on the occurrence of fore- 
shocks, there has been at least one 
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case in Yunnan Province where this 
was given by other methods, such as 
variations in measurements of radon 
concentration in ground water, and 
resistivity. 

Little was said about short-term 
precursors, but a new concept appears 
to be emerging for identifying ‘pre- 
cursory swarms’ as a long-term indi- 
cator. This idea was most fully 
developed by F. F. Evison (Welling- 
ton) who elaborated an idea first pub- 
lished in Nature in April 1977. Evison’s 
hypothesis is that a swarm of activity 
near the area of a forthcoming earth- 
quake is followed by a ‘precursory gap’ 
which lasts until the occurrence of the 
‘major event’. As well as the position 
of the impending earthquake, its time 
of occurrence and magnitude are also 
indicated by the pattern of seismicity. 
It is still difficult to identify and inter- 
pret such swarms, and different criteria 
may be needed in different areas. 

V. L Keilis-Borok (Moscow) also 
spoke about the recognition of seis- 
micity patterns before impending 
earthquakes. He postulated criteria for 
determining periods of ‘activisation’ 
and ‘quietness’, rather analogous to 
Evison’s concept, and also referred to 
precursory earthquake swarms. In 
reporting a detailed study of seismicity 
in the Aleutian Arc, Engdall and Kiss- 
linger (Boulder, Colorado) also com- 
mented that they had observed similar 
patterns, and precursory variations 
in seismicity were observed by Talwani 
(South Carolina) in small earthquakes 
associated with a reservoir. 

Other papers covered as diverse 
topics as the tilting of the Hawaiian 
Islands in relation to large circum- 
Pacific earthquakes, (Berg and Sutton, 
Honolulu), the prediction of inter- 
mediate-depth Romanian earthquakes 
by assigning time-series to historical 
events (Purcaru, Frankfurt), and the 
theory of deciding what constitutes an 
‘anomalous’ reading (Jackson and 
Ergas, Los Angeles). It was also 
pleasing to note speakers presenting 
what seem to be negative results. Susan 
Raikes (Pasadena) reported a very 
thorough study of P-wave residuals. in 
Southern California, revealing no ano- 
malies. Dolbilkina and others reported 
that Soviet workers also often failed 
to detect precursory velocity ano- 
malies, but a small change was found 
by a refactum survey near a large 
earthquake in Kamchatka. 

Earthquake prediction still awaits a 
major breakthrough. It now seems 
however, that the best prospects re- 
main the study of seismicity patterns, 
with the new concept of precursory 
swarms for the establishing of long- 
term predictions, and a fuller under- 
standing of methods used by the 
Chinese for the issuing of final and 
short-term predictions. OC 
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Decision making in animals 


D. J. McFarland* 


Animals must make decisions about when to feed, when to court, when to sleep, and so on, in sucha way 
as to maximise as far as possible their chances of survival and reproductive success. It is possible ta 
formulate in mathematical terms the optimal strategy for an animal to pursue. The theoretical optimum 


behaviour can be compared with the actual behaviour of the animal, and perhaps shed some light on the: - 


evolution of behaviour. 





AT any particular time there are many activities in which an 
animal could engage: feeding, courtship, sleep, and so on. It is 
usually impossible for an animal to carry out such different 
activities simultaneously, because the required movements are 
mutually incompatible. There must be some process or 
mechanism that determines which activity is to have priority at 
any particular time, and such a process is conveniently termed 
a decision process. 

The decisions made by animals may be decisions on whether 
to continue with current activity, or to change to some other 
form of behaviour. They may also be decisions between 
alternatives that present themselves anew. In each case, the 
animal has to assess a wide variety of factors, Consider, for 
example, the situation of a herring gull (Larus argentatus) 
incubating its eggs. Normally it will sit tight until relieved by its 
mate. Both parents incubate the eggs, and a nest left unattended 
is soon subject to predation by neighbours. It is important, 
therefore, that the sitting bird should not leave the nest before 
being relieved by its partner. This rarely happens under normal 
circumstances, unless the bird is flushed from the nest by a 
predator, such as a fi or a human. Studies of herring gulls, 
at the South Walney 1 ature Reserve in Cumbria, have shown 
that the non-sitting me: ber of a pair is often foraging for food, 
or resting on the beach. Tt normally returns to the territory 
within a few hours of leaving. Sometimes, however, the return 
may be delayed as a result of some mishap, injury, or capture 
by a scientist. The sitting bird, with increasing hunger, should 
eventually decide to desert the nest, because herring gulls breed 
in many successive seasons and it may not be in the genetic 
interests of the individual to endanger its life for a single clutch 
of eggs. The timing of such decisions is a question that has 
interested students of animal behaviour in recent years. 

The basic dilemma for the incubating gulls lies between the 
possibility that its partner may return at any time, and the 
increasing necessity to obtain food. The situation is complicated 
by the fact that the gull must assess the returns on time invested 
in foraging, which vary considerably with the weather, the state 
of the tide, and the time of day. Moreover, individual gulls tend 
to specialise in particular types of foraging, so that the sitting 
gull should take account of its own foraging skills in assessing 
the likely returns from time spent foraging in different places. 

Two questions posed by this example are of particular interest 
to ethologists: (1) how can we account for the decision processes 
involved ? (2) how good are animals at making decisions of this 
“complexity ? The basic approaches to these questions stem from 
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decision theory, on the one hand, and the theory of natural 
selection, on the other. In recent years there has been some 
convergence between these two lines of thinking. 


Decision theory 


The study of decision making provides a meeting point for © 
many disciplines: statistics, economics, philosophy, psychology 
and control engineering. In classical decision theory there are 
two important classes of variable. One, the subject’s evaluation 
of the relative attractiveness of alternative choices, is called the 
utility. The other, called the (subjective) probability, concerns 
the subject’s evaluation of the consequences of making each 
choice. Thus a man may wish to make a decision between going 
to a restaurant or to a cinema, in terms of the utility of each. 
He may also take account of the probability of the restaurant 
being expensive, or the film being poor. 

Reports of attempts to investigate these elements of decision 
making make up a voluminous literature, but only recently has 
this work become directly relevant to animal behaviour, 

The empirical approach to the relationship between decision 
theory and animal behaviour was initiated by Logan’, who 
studied rats living in a box in which they had to work for any 
water they received by pressing a bar. The animals had to work 
on some specifiable terms for the water rewards. The terms were 
manipulated by varying the force required to depress the bar, 
the number of times the bar had to be pressed to obtain a 
reward, and the size of the reward. Logan found that the rats 
were sensitive to the details of the terms, in that daily water 
intake was reduced when any of the three aspects of the terms 
was increased. In later experiments, Logan? gave rats a choice 
between a large food reward following a small delay, and a small 
reward following a large delay. He was able to establish 
equivalent combinations that were described by ‘indifference’ 
functions, and by equations describing the relative incentive 


value of different amounts and delays of reward. He also gave a 


rats a choice between constant food reward and a varied 
amount, or varied delay, of reward; thus introducing the con- 
cept of ‘subjective probability’ for the rat. In general, Logan’s 
results were similar to those that would be expected by classical 
decision theory. The evidence subsequently obtained by psycho- 
logists?-* and ethologists®, although often confounded by 
measurement problems®, tend to support the view that animals 
are capable of consistently evaluating alternatives and of 
maximising their combined value. Consideration from first 
principles’ gives rise to similar conclusions, but draws attention 
to some formidable problems. A simple everyday example may 
serve to illustrate these. 

There is widespread agreement that an understanding of 
decision making can be gained from (1) the formulation of a 
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maximising principle, (2) the recognition that there will 
inevitably be some trade-off among various aspects of the 
problem, which will necessitate (3) the formulation of an 
optimality criterion. As an example, let us consider a university 
committee set up to review applications for a lectureship. Their 
maximising principle is to choose the best candidate, but the 
requirements of the post are such that there will inevitably be a 
trade-off between the teaching experience 7 and the research 
ability R of any given applicant. Suppose that the committee 
arrives at an agreed short list of two applicants A and B, and 
that they are able to score these for teaching and research, so 


strength of candidature must rest on the optimality criterion 
used to evaluate teaching experience in relation to research 
ability. For example, if the criterion implies that strength of 

“candidature C = 7 -+ R, then applicant A would score 
C = 9-+ 1 = 10, while for applicant B, C = 2 + 7 = 9. On 
the other hand, if we let C=Tx R, then A scores 
C = 9x 1 = 9, while B scores C = 2 x 7 = 14. Clearly, by 
altering the optimality criterion, without changing the scores, 
it is possible to come to a different conclusion as to which is the 
best applicant. 

We now have to ask what factors influence the optimality 
criteria. In the university context, factors such as government 
attitude, financial pressures, and so forth, are likely to deter- 
mine policy concerning the balance between teaching and 
research. As far as the selection committee is concerned these 
are ecological factors. An overriding influence will be the 


Fig. 1 A summary of the courtship behaviour of the smooth 
newt Triturus vulgaris. The black newt is the male. (From 
Halliday™.) 
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climate of ideas concerning the maximising principle. While in 
some universities the best candidate is seen in academic terms, 
in others it may seem to appoint the youngest candidate, the 
most politically conformist, and so on. 

Translation of this example into terminology relevant to 
animal behaviour is not difficult at a superficial level. For 
example, let us suppose that there are two main factors con- 
tributing to feeding tendency: degree of hunger, in terms of 
physiological requirement for food, and strength of food cues, 
in terms of the animal’s estimate of the availability of food. 
There will be an optimality criterion combining these into an 
overall feeding tendency, similar to that combining teaching 
and research abilities into an overall strength of candidature. 
Any tendency to feed has to be weighed against tendencies for 
other types of behaviour, because it is important that the 
criteria determining the feeding tendency be related to the 
animal’s needs as a whole. We should therefore expect the 
decision criteria for feeding to be shaped by natural selection 
in accordance with the animal’s ecological circumstances. For 
example, where food availability is erratic, more weight should 
be given to cue strength, while the weight attached to hunger 
should be related to the animal’s physiological tolerance. We 
now come up against a problem that has dogged animal psycho- 
logy for many years. While there has been a great deal of 
research on specific ‘drives’, such as hunger, aggression, and 
sex, there has been relatively little work on the interactions 
between such systems. Yet it is obvious that an animal’s various 
needs have to be delicately counterbalanced, and that there is a 
problem for nature in weighing one against the other. We may 
call this the trade-off problem, 

In considering what an animal ought to do in a given situa- 
tion, we have to remember that the various possible activities 
have different consequences, and most have both costs and 
benefits associated with them. Let us take, as an example, the 
courtship behaviour of the smooth newt (Triturus vulgaris). This 
has been the subject of intensive study by members of the 
Oxford Animal Behaviour Research Group, supported by the 
Science Research Council, and aided by various university 
colleagues. 

The courtship takes place on the bottom of a pond and is 
frequently interrupted by ascent to the surface of the water to 
breathe air. Observations show that the male newt breathes less 
often during courtship than he does normally. After the male 
has been to the surface of the pond to breathe he may be unable 
to find the female again when he returns to the bottom. Clearly, 
there is a cost associated with breathing during courtship, and 
it is not surprising that the males make breathing trips infre- 
quently. However, although newts that are prevented from 
coming to the surface can probably remain alive by means of 
the oxygen dissolved in the water, they would be forced to 
become quiescent, so that courtship would no longer be pos- 
sible. Thus there is also a cost associated with postponing 
breathing. The courtship of the male (Fig. 1) is designed to 
induce the female to pick up the spermatophore, which he 
deposits on the substratum. The female can only do this 
successfully if she follows the male closely. For this reason the 
courtship should not proceed too quickly, and the most success- 
ful courtships tend to be prolonged affairs. Thus, although the 
breathing problem can be alleviated by speeding up the court- 
ship, this may make successful fertilisation less likely. 


Mathematical formulation 


Having touched on some of the problems involved in 
decision making in animals, we can now tackle the question of 
how we should aim to account for such decision processes. 

It is difficult to foresee the day when the physiological 
analysis of behavioural control mechanisms will have advanced 
far enough to make much contribution to the explanation of 
decision making. Even if one knew all about the physiological 
mechanisms underlying. breathing and courtship in newts, one 
would still not be able to predict when a male would decide to 
breathe rather than court a female. The decision will depend on 
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Fig. 2 a, A control model for the courtship of the male smooth newt. The following conventions have been observed: S, initial amount « 

of sperm; F, initial sexual state of the female; G, initial value of oxygen debt; R, function representing the increase in oxygen debt with 

time; T,-T;, thresholds; k,-k,, modifiable parameters (modified from Houston ef al.*); b, comparison of mean durations of various 

courtship activities of 22 newts (above) with that of the model (a). R, Retreat display; C, creep; S, spermatophore transfer phase 
(From Houston ef al.?*.) 


how the animal balances the two tendencies against one another. 
We would expect the balance to be influenced by both proxi- 
mal circumstances and ultimate ecological considerations. The 
difficulty is that physiological knowledge is essentially piece- 
meal, whereas the decision problem is holistic. 

The traditional behavioural analysis of preference and choice 
is equally inadequate in accounting for decision making as a 
function of time. The main reasons for this are that such theory 
takes no account of the ecological relevance of the behaviour, 
and is often attempting to account for processes which are in 
principle unobservable from the viewpoint of the psychological 
experimenter’. 

Clearly, as has long been recognised by economists, some kind 
of abstract mathematical formulation is required to handle 
situations of such complexity. The difficulty lies in relating 
mathematical formulae to physiological and behavioural reality. 
In recent years there has been considerable progress in this 
area, by physiologists and behavioural scientists, who have 
embraced various types of systems analysis. The approach 
adopted by our research group is to represent the motivational 
state of the animal by the vector x, envisaged as a point in a 
multidimensional space. The state is influenced both by events 
internal to the animal, and by the external stimuli perceived by 
the animal. The changes in motivation induced as a consequence 
of behaviour trace a trajectory in the motivational space’. 

It is traditional to view the motivational state of an animal as 
driving the behaviour, or as the input to a control system of 
which behaviour is the output®. However, an alternative 
approach is to regard the behaviour as the input which controls 
the state of the system by virtue of its consequences. In other 
words, the animal is seen as controlling its own internal state 
through the medium of behaviour, in accordance with built-in 
optimal design principles. Optimal performance is attained by 
reference to an optimality. criterion that is embodied in an 
objective function, which is a function of the state x and of the 
behaviour u, where u is a vector. representing the current 
behaviour in a behaviour-repertoire space. The objective func- 
tion incorporates the optimality criterion represented as a set 
of trade-off relationships between the state and behaviour of the 
animal and their associated costs and benefits. In other words it 
specifies the (supposed) net cost of being in a particular state, 
and net benefit of doing a particular behaviour pattern under a 
given set of circumstances. The objective function is envisaged 
as a property of the individual animal, presumably genetically 
determined, and possibly modifiable by learning. Thus objective 
functions are expected to differ from one individual to another, 
although they may be similar in related individuals. 

We can imagine the animal’s brain as controlling the state of 
its body. Since every behaviour u results in a change in bodily 


state x, the situation is akin to that found in man-made process- 
control problems, where the state of the plant x is influenced by 
extrinsic factors, and by the controller u, which is designed to 
achieve some optimal condition of the plant. For this reason the 
equations, which relate the ever-changing consequences of 
behaviour to the resulting changes in x, are called the plant 
equations. 

The optimal control problem is to deploy the behaviour u in 
such a way that a particular state function, generally called a 
Hamiltonian H, is maximised at every point along the resulting 
trajectory. In other words, the animal is designed to deploy its 
behavioural options in a manner which continuously maximises 
the Hamiltonian 
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The argument underlying this formulation is derived from 
decision theory, in which, as outlined above, the essential 
ingredients are the assumption of a maximising principle, and 
the formulation of an hypothesis relating to the objective 
function. This hypothesis.can be tested by direct observation of 
the animal. As an example, let us return to the courtship of the 
male smooth newt (Triturus vulgaris). On the basis of a number 
of elegant experiments by Halliday’-1*, a deterministic control 
model was formulated by Houston et al.!*, which accurately 
simulates the timing of the courtship sequence (Fig. 2).:This 
computer model provides the information required to derive 
the- Hamiltonian equations, which will predict the behaviour 
on the basis of its associated costs and benefits. The next. task 
is to formulate the plant equations and find an objective 
function which satisfies the Hamiltonian formulation. On the 
assumption that the courtship of the male newt is designed to 
maximise the probability of successful fertilisation of the 
female, Dempster’ proposed the formulation illustrated in 
Scheme 1. 

A prime feature of the courtship is that it takes place under 
water, and this means that the oxygen supply of the male is a 
most important factor. Indeed, the causal model (Fig. 2) shows 
that oxygen debt is the variable primarily responsible for 
modulating the temporal organisation of the courtship sequence, 


and this has been confirmed empirically". The importance of a 


oxygen supply is reflected in the plant equation (Fig. 3) which 
specifies only one state variable: oxygen debt x. Because the 
male can replenish his oxygen supply only by terminating the > 
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Scheme 1 Simplified version of Dempster’s!® formulation of the 
temporal organisation of the courtship of the male smooth newt, 
in terms of optimality theory. 
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courtship and visiting the surface of the pond to breath, there is 
effectively a fixed energy budget during courtship. Given that 
the courtship activities of the male have a “typical intensity’, 
the fixed energy budget implies that there is a limited period of 
time available for effective courtship. During this time the male 
has to display to the female sufficiently to induce her to follow 
him closely during the spermatophore phase (Fig. 1), when it is 
essential that the female should correctly pick up the spermato- 
phore, which is deposited by the male on the substratum. It is 
likely that coyness on the part.of the females is a means of 
testing the suitability of the male as a genetic partner. 

Early in the courtship there is a high probability that the 
female will depart from the scene to breathe, to feed, or to seek 
another male. As the male continues to display this probability 
decreases, and we can suppose that during the time available, 
R, this probability is given by ge~". On this basis we can 
express the expected probability of fertilisation, given that the 
female is still involved in the courtship 


T 


€ J ut) eS! y(t) SOx) dt 


This formulation implies that the importance of spermato- 
phore transfer increases exponentially as the courtship proceeds. 
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The objective function (see box), therefore, takes account of the 
probability of the female departing, as well as the male’s sperm 
supply S and oxygen debt x. The Hamiltonian, based upon this 
objective function and upon the plant equation specified below, 
gives rise to a Hamiltonian equation with a term for each of the 
three types of behaviour u,, 4a, and u,. The optimal behaviour 
sequence is arrived at by the newt choosing to do that 
behaviour which has the larger term in the Hamiltonian 
equation. In doing this the newt is in effect choosing that 
activity which confers the greatest benefit in terms of maximi- 
sing the probability of successful fertilisation. 

This formulation has proved to be highly successful in pre- 
dicting the timing of the courtship in a variety of conditions. 
It also makes some specific predictions about the physiology 
of the male newt. For example, during the vigorous display 
behaviour, the male’s oxygen supply diminishes, but during 
creep behaviour the model requires that the oxygen supply 
increase to some extent. In fact, the creep behaviour is much 
less energetic than display, and it is entirely possible that 
oxygen supply can increase by means of skin respiration. This 
somewhat startling prediction implies that the male deploys the 
creep behaviour as a means of prolonging the courtship. 
Moreover, some such idea is necessary to explain the fact, 
illustrated in Fig. 2, that the male oscillates between creep and 
display more frequently in the later stages of the courtship 
session, when his oxygen supply is presumably lower, Of course 
the prediction that oxygen supply actually increases during 
creep behaviour should be put to the experimental test. It is 
reinforced, however, by the observation that this particular 
species of newt not only has a more prolonged courtship than 
related species, but also has a larger crest!®, which probably 
enhances skin respiration. 

The reader may wonder why all this mathematical sophistica- 
tion should be expended upon the courtship of newts. The 
answer is that so far newt courtship provides the most 
thoroughly worked test case of this general approach to animal 
decision making. This approach has widespread implications 
for theoretical biology, because it offers some insight into 
inverse optimality problems. Normal optimality problems pose 
the question of the best route to a goal, in particular circum- 
stances, The inverse problem, which has been largely neglected 
by mathematicians, but is important for biologists, is that of 
what is being optimised by a particular structure, or a particular 
observed behaviour sequence. The general philosophy here is 
the following: if we know what a mechanism or system is 
designed to do, it will be much easier to find out how it works. 
In animal decision making it is essential to know that the 
decisions are about, before attempting to account for the 
mechanisms involved. 


Natural selection 


As biologists, we can expect natural selection to shape the 
decision-making processes of animals in such a way that the 
resultant behaviour sequences are optimally adapted to the 
current environmental circumstances. In other words, we can 
regard natural selection as a designing agent capable of pro- 
ducing the optimal design for any given set of conditions. Such 
considerations of optimal design apply just as much to the 
temporal organisation of behaviour as they do to the anatomi- 
cal properties of animals. However, we cannot expect an 
individual animal always to behave optimally in its natural 
environment. Genetic variation between individuals, competi- 
tion between individuals, the patchy nature of the environment, 
and changes in the nature of the environment, all combine to 
make it very unlikely that an individual animal can ever be 
perfectly adapted to its niche. 

We can imagine, however, an ‘ideal’ animal that is perfectly 
adapted to its natural environment. The objective function of 
such an animal will be identical to a cost function, which is 
characteristic of the environment, in the sense that it reflects the 
selective pressures that moulded the objective function during 
the course of evolution. The cost function, therefore, specifies 
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the instantaneous level of risk incurred by (and reproductive 
benefit available to) an animal in a particular internal state, 
engaged in a particular activity in a particular environment. 
Such an ideal animal, perfectly adapted to its environment, 
will deploy its behavioural options so as to maximise the 
Hamiltonian, and thereby achieve that behaviour sequence 
which maximises its inclusive fitness. in the prevailing circum- 
stances. 

In practice, we can distinguish two procedures by which 
optimal behaviour sequences can be investigated. In the first, a 
maximisation principle is assumed, and a particular form of the 
objective function postulated. This hypothesis is then tested in 
laboratory experiments. Ability to reproduce the behaviour of 
the animal is then taken as evidence in favour of the postulated 
objective function. This is the strategy used in the analysis of 
newt courtship outlined above. 

In the second approach, an attempt is made to measure the 
components of the cost function empirically, by means of 
observations and experiments made in the field. The aim in this 
type of study is to determine whether animals in a particular 
natural environment are deploying their behavioural options in 
the optimal manner. The Hamiltonian formulation can then be 
used to generate behaviour sequences, or strategies, for a given 
environment, provided that sufficient is known about the cost 
function characteristic of the environment, and the plant 
equations characteristic of the animal. 
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As an example, let us consider the herring gull incubating its. 
eggs, mentioned at the beginning of this article. This situation is 
being studied in detail by members. of the Oxford ‘Animal 
Behaviour Research Group, notably R. McCleery and R. Sibly, 
supported by the Natural Environment Research Council. The 
animals are studied intensively during the 4-week incubation 
period, particular attention being given to three main problems. 

First, the factors influencing the internal state, of which the 
most important is hunger, and those affecting the animal’s 
estimate of the environmental situation, of which the weather 
and food supply are of prime importance, are incorporated in 
the plant equations for the incubating bird. As part of the 
assessment of the animal’s internal state, the whole nest: 
including the sitting bird is weighed continuously by means of 
an electrically monitored balance buried in the ground. The 
measurements obtained in this way are capable of providing: 
information about the loss of weight during fasting, and the — 
gain of weight after foraging, with an accuracy of + 20g... | 

The gulls have a variety of possible feeding sites, at various 
distances from the nest, as indicated in Fig. 3. The availability — 
of food fluctuates considerably in any one location, so that the 
bird has to choose among a continuously varying pattern of 
possibilities (Fig. 4)'*. The availability of food as a function of © 
time is computed from the tide cycle, the work routine of the- 
men at the nearby refuse tip, the behaviour of earthworms. in 
response to the weather, and so on. The extent to which. the 
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birds can exploit these opportunities depends on the willingness 
of the partner to take over the incubation duties, the probability 
of human interference near the feeding sites, and the vicissitudes 
of the weather. These variables are all monitored, either by 
direct observation, or by means of remote automatic monitoring 
devices. Weather variables, such as light intensity, wind speed, 
and so on, have a considerable influence on the foraging 
efficiency of the gulls, and must be an important factor in their 
foraging strategy. The returns that a gull can be expected to 
gain per unit time spent foraging are also estimated; by 
analysing samples of the food source, and checking this against 
regurgitations around the nest. All these factors taken together, 
when suitably calibrated and integrated with each other, can be 
used to obtain a good indication of the state of an individual 
bird in a given set of circumstances, and of the changes in state 
that are consequent on its behaviour. 

e second, the behaviour of the individual birds on the territory 
can be monitored by direct observation from hides. Each bird 
is fitted with a radio transmitter so that it can be followed in a 
Land Rover when it leaves the territory, usually to forage for 
food. The birds are conspicuously marked so that they can be 
recognised amongst the thousands of others. Typically, a bird 
will fly from the territory directly to its chosen feeding ground. 
It may spend one or two hours feeding, often in competition 
with other gulls. It will then often bathe and drink in a fresh 
water puddle, before taking a ‘rest’ on a quiet part of the 
beach, or in a field. Such rest periods are generally communal 
affairs, although interactions between individuals are few. 
A considerable amount of time is spent preening and the 
question of whether gulls sleep on such occasions is currently 
being investigated. After a few hours away from the territory, 
the gull invariably returns home and takes over the task of 
incubation, relieving its partner. 

The third problem is the cost function, which is a function 
of both the internal state of the animal, and of its behaviour. 
Obviously, for an incubating bird there is a risk attached to 
being in a particular state of hunger. It is not that the animal is 
likely to die while sitting on the nest, but rather that it may not 
find food very easily when it leaves the nest. If the animal had a 
reliable supply of food it could afford to risk a higher level of 
hunger than if its foraging fortunes were uncertain. In our study 
we attempt to measure such risks experimentally by removing 
one of an incubating pair of gulls, and studying the condition 
and behaviour of the remaining bird. 

Similarly, when a bird leaves the nest as a result of disturbance 
or when pressed by hunger, there is a chance that its eggs will be 
eaten by a neighbour. The risk of egg predation can be measured 
by removing both of the nest owners and measuring the survival 
time of the eggs. Every aspect of the behaviour also has risks 
and benefits attached to it. Thus a bird foraging on the refuse 
tip may be poisoned, a gull on the shore line may get oil on its 
feathers. There is also the energetic cost of each activity to be 
taken into account. By systematically evaluating the cost and 
benefits involved in the behavioural routines of both members 
of mated pairs of gulls we aim to arrive at a mathematical 
formulation of the cost function. 

In real life, an animal has to decide whether to sleep, feed, 
groom, and so on, at any particular time. In addition to its 
motivational state and the strengths of its various behavioural 
tendencies, the decisions reached will be heavily influenced by 
the decision criteria embodied in the objective function. If I 
believe that animal behaviour is subject to natural selection, 
I must conclude that the objective function is shaped by natural 
selection, because the decision criteria strongly influence the 
order in which animals go about their daily tasks. 

The animal can be seen as carrying out a cost—benefit analysis 
in making its decisions. If the animal is not closely adapted to 
its environment, it may not make the analysis correctly; that is 
its objective function may not conform to the cost function 
characteristic of the current environment. Nevertheless, the 
animal is still an optimising agent with respect to its own 
objective function. 
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I do not intend to suggest that the individual animal 
necessarily carries out the cost-benefit analysis in a cognitive 
fashion, although this may occur to some extent in intelligent 
animals. The form and pattern of the behaviour is the outcome 
of a design operation which aims at the optimal compromise 
between the competing selective pressures characteristic of the 
environment. Obviously in a non-stationary environment, there 
will be an advantage in organising the decision-making processes 
in a flexible manner. Thus we can expect the laws governing 
learning to be designed in such a way that they tend to shape 
the objective function of the individual, and make it more like 
the cost function of the current environment. To study such 
phenomena we have to know something about the make-up of 
the individual animal, and something about its ability to adapt 
to the environment. This is where the herring gull study is so 
instructive. There is no question that individuals differ greatly. 
Some specialise in foraging for mussels, others for crabs, using 
quite different techniques. Some specialise in stealing eggs and 
chicks from neighbours, and others have apprenticed themselves 
at the local corporation refuse tip. Indeed, an important aspect 
of the optimal decision-making approach, outlined in this 
article, is that attention is concentrated on the behaviour of 
individuals, in contrast to the more traditional approaches to 
the study of animal behaviour, which rely on statistical 
inferences based upon the study of large numbers of animals. 
This attention to detail is made possible by the fact that 
optimality theory provides a way in which precise mathematical 
functions can be used within the normal scientific framework of 
hypothesis, prediction, and test. Hypothesised functions, 
tailor-made for the individual animal, can be used in optimality 
computations to predict sequences of behaviour that should 
occur in observed circumstances and conditions, and these 
predictions can be compared with the behaviour observed in the 
field or laboratory. 

What then is likely to be achieved by the application of 
optimality theory to animal decision making, or by empirical 
studies designed to test predictions of optimality theory? First, 
the development of the theory itself has proved to be extremely 
instructive in forging links between ecology and behaviour’, 
between behaviour and economics!®, and between environ- 
mental physiology and behaviour’. As I have mentioned 
elsewhere, we are entering a new phase of interpretation of 
animal behaviour, in which the complexity of animals is taken 
as a challenge, rather than as an excuse for mysticism or for 
sceptical over-simplification. 

Second, we cannot expect to understand decision-making 
processes without also appreciating the selective pressures that 
shaped them. In many areas of biology it is helpful to under- 
stand the function of the material being studied, but in decision 
making it is essential, because decisions inevitably reflect the 
trade-off and compromise among the design features of the 
animal. Optimality theory provides a self-checking procedure, 
which is a considerable improvement on the traditional 
open-ended approach to the survival value of behaviour’. 

Third, empirical studies ought to be part of any mathematical 
approach to biology, where there is a strong temptation 
towards arm-chair theorising. These studies should tell us, not 
merely whether the theory is right or wrong, since it is bound 
to be wrong in some respects, but also something about the 
mental competence of the animal themselves. Already we have 
seen that herring gulls adapt individually to their complex, 
ever shifting, circumstances. When we know more about how 
to account for the apparent decisions we observe and how 
good the animals are at matching their decisions to the real 
world, we may be in a position to investigate the mechanisms 
used by animals in adapting their time budgets to changing 
circumstances. 
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On the optical identifications of five X-ray sources ° 


H. V. Bradt, K. M. V. Apparao*, G. W. Clark, R. Dower, R. Doxsey, D. R. Hearn, 
J. G. Jernigan, P. C. Joss, W. Mayer, J. McClintock & F. Waltert 


Department of Physics and Center for Space Research, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 





The data from a recently completed survey of the galactic 
plane with the SAS-3 modulation collimators provide precise 
(20"-60”) celestial positions of galactic X-ray sources. Pre- - 
liminary positions of 60" precision are reported for five 
sources. One of these led to the identification of the star, y 
Casas an X-ray source, and the others lend substantial confi- 
dence to -previously proposed optical identifications: 
3U0352+30=X Per, 3U1145—61 = HEN 715, GX301— 
2 = WRA977, and GX304— 1 = MMV star. These identifi- 
cations seem to establish the existence of a previously 
suggested class of De-star X-ray emitters. 





THE SAS-3 X-ray astronomy observatory carries rotation mod- 
ulation collimators (RMC) with which the positions of X-ray 
sources in the energy range 2-11 keV can be measured!” with a 
precision of 20” for the brighter sources. In uncrowded regions, 
the detection threshold of a typical observation (1-2 d) is about 
3 ply (see footnote to Table 1). A programme of observations of 
the entire galactic plane ({h"| < 10°) has now been completed and 
the analysis is in progress. 

The objective of this programme is the identification of radio, 
infrared and optical counterparts of the X-ray sources. At present 
there are about 10 well established identifications of stellar optical 
objects with hard (2 2keV) X-ray sources. Most of these 
identifications are compelling because of positional coincidences 
coupled with coincident temporal phenomena such as identical 
orbital periods at both optical and X-ray wavelengths. A compar- 
able number of additional identifications with varying degrees of 
confidence have also been proposed. 

We describe here the survey of the galactic plane and present the 
results of five position measurements derived from it. One of these 
ied to the identification of y Cas as an X-ray source, and the others 
substantially increase our confidence in previously proposed 
identifications. These results are derived from the quick-look data 
and an early version of the analysis system which limits the 
positional precision to 1.0 (90% confidence). They have been 
announced earlier in preliminary forms*~*. 

Other early SAS-3 RMC positions have been reported for the 





*Permanént address: Tata Institute of Fundamental Research, Bombay, 
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Present -address; Department of Astronomy, University of California, 
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following galactic X-ray sources; Aq! X-1, Ser X-1,GX9+9, and 

GX17+2 (ref. 9); 3U0143 +61 and 3U1956 + 11 (ref. 10), Algol’ 

(ref. 2); MX1553 — 54 (ref. 11); the transients MX1803— 24 (ref. < 
12), A1524—61 (ref. 13), and A0620—00 (ref. 1); the ‘steady 
counterparts to two burst sources, 3U1733— 27 (ref. 14) andi 
A1905+00 (ref. 15); and the mid-galactic latitude source, 
30044 + 32 (ref. 16). These andthe positions reported: herein 
constitute the first SAS-3 list ((1S") of galactic source positions. 
Subsequent papers will present ‘2S’ positions as they become 
available. The latter will be derived from larger samples of da 
analysed with an improved system which yields the high 
precision quoted above. ue 


The galactic survey aaa 
The two. SAS-3 modulation collimators have periodic triangular 
response functions of 2.3' and 4.5 FWHM respectively, and 
12° x 12° FWHM fields of view. The celestial locations of the fields: 
of view for the survey observations (Fig. 1) were chosen to yield 
two to three independent measurements of most sources and to. 
provide substantial exposure to galactic latitudes +12° in the ; 
region —60° < Z" <+40° and +8° elsewhere. The durations of 
the observations ranged from 0.5 to 2 d. Simultaneous X-ray data 
and optical aspect data which can be analysed for X-ray positions 
were obtained for about 30% of this time. Thus the useful duration 
of each observation ranged from ~ 1 x 10* sto ~ 5x 10% s. 

The celestial positions of the X-ray sources are derived from a 
cross-correlation analysis!” and a fast mapping algorithm. The 























Fig. 1 Fields of view of the SAS-3 rotating modulation collimator © 

during the survey of the galactic plane in galactic coordinates; The . 

galactic centre is at the centre of the figure and the north galactic pole | 
(NGP) is at the top. Beamer 
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Table 1 X-ray sources 








SAS-3 Other Position (1950) 
designation designations* =a ò 
180053 + 604 MX0053+60 00h53 min41.3s 60°26 57° 
{y Cas) MX0049 + 59(?) 13.4221° 60.4492" 
180352 + 308 300352 +30 03h 52 min 14.45 30°53 42” 
(X Per) 58.0600° 30.8950° 
1S1145—619 3U1145—61 11 h45 min 30.65 —61°55’ 40” 
(HEN 715) 176.3775° — 61,9278° 
151223 — 624 GX301 —2 12h 23 min 50.2s —62°29' 35” 
(WRA 977) 3U 1223 ~ 62 185.9592° — 62.4931} 
181258 —613 GX304-—1 12h 58 min 14.35 ~—61°20' 01” 
(MMV star) 3U 1258-61 194.5596° — 61.3336" 





Error Flux aor 
radius density*t X-ray* Luminosityt 
(~ 90%) (2-6 keV) periods (2-6 keV) 
6° LO 20 uly 2x10 ergs! 
1° 
l 1.0 35 ply 13.9 min Sx1O3 ergs”! 
FA? 22h? 
581 d? 
6 LO 120 py 3x10 ergs”! 
e da 
l LO 50 py 11.6 min 4x 10°% erg s~! 
0° (< 10-200; (2-30 keV) 
25 keV) 
J 1.0’ 80 py 4.5 min 
a (< 8-60; 
25 keV) 


CLL CLL LCCC CCL LC Nee tttteeens seein tennanetnnetintnerrnnresasnsnnsnereenmnnseteeeeevemntensceeunumnseaniinnisaieaamesinnees 


*See text for refs. 
thy = 1.000 x 10°?? erg s7! cm7? Hz"! 
os 2418x107 ergs”! com>? keV! 
= 1,509 x 107? keVs7'cm7? keV™! 


For a power-law spectrum of slope a = 1.08 (for example, the Crab nebula‘): 
1.0 zJy at 3.6 keV corresponds to an integrated flux of 0.96 x 107! ! ergs”! em~? (2-6 keV) or ~ 0.6 Uhuru counts. 


1.0 pJy at 5.2 keV corresponds to 2.2 x 1071! erg s~' cm~? 
Tea (3-6 keV) — 1,580 py: Foggy (5.2 keV) ~ 1,060 py. 
{For the distances given in Table 2. 


‘minimum intensity (counts cm”? s~ +) which is detectable in these 


cross-correlation ‘maps’ at the m standard deviation level can be 
shown to be Zmin = (mn?/A) (B/87)'"? where Bis the background 
rate (counts s7 1) Ais the effective area at the peak of the response 
function (cm?), and Tis the effective observation time. An isolated 
source near the centre of the coarse field of view will be detected at 
the 7o level {m = 7) in one of the two collimators (A = 180cm?, 
B = 30s”! and T = 25,000 s) if its intensity is 


Inin = 4.7 x 107 counts cm~? s7? (2-11 keV) 
œ 2.3 wy (2-11 keV) 


An intense source in the field of view will raise the effective 
background for the detection of a weak source. In the presence ofa 
point-like source with the intensity of the Crab nebula at the centre 
of the field of view (380 countss~', 2-11 keV), we have 
<B> = 30+ 380/2 = 220counts s7 * and obtain Zmin = 6 uJy(70). 

‘Furthermore, the bright source will exhibit a ring pattern which 
decreases in amplitude with radius from the source!’?!8, This 
pattern can mask a nearby weak source, and therefore must be 
subtracted from the map!”. This can be done with an uncertainty 
of < 5% of the bright source intensity. In our example, the residual 
rings from the 2.3’ collimator, after subtraction of the Crab-like 

_ source, would have an amplitude of 5 uJy 1° from the source and 

2 wy at 5°. 


(2-11 keV). 


Results 

The position measurements reported here are summarised in Table 
1. Characteristics of the optical candidates are summarised in 
Table 2 and finding charts are shown in Fig. 2. Of the five X-ray 
sources discussed here, one was identified in the course of this work 
(180053 + 604/y Cas), two were previously known and had con- 
vincing and well-studied optical counterparts (3U0352 + 30/X Per 
and GX301 —2/WRA 977), and two have suggested counterparts 
which become credible with the present refined positions 
(3U1145 — 61/HEN 715 and GX304 — 1/MMV star). 

Each of the positions was derived from at least four orbits of 
data and from both modulation collimators. Systematic errors in 
the positions dominate the statistical errors. We find the former to 
be no more than 30” to 40” based on observations of identified 
sources. Thus we report 60” error radii in this work as a 
conservative (> 90% confidence) estimate before the final analysis 
of the data. For each source, the multiple positions derived from 
individual orbits and collimators all lie well within this error circle. 

The celestial areas defined by these circles are smaller by factors 
of 3-25 than the error regions obtained previously with the 
Uhuru'® and the Copernicus?” satellites (see Fig. 2). In the case of 
1$0053 +604, there are no other position determinations of 
comparable precision. The proposed optical counterpart of each 
of the five sources lies within the SAS-3 error circle. The small error 
regions and the unusual character of these stars lend substantial 
confidence to the proposed identifications. 


eeann 


Table 2 Optical counterparts* 


Apparent 
Star magnitude My Type 
y Cas V ~ 1.6-3.0 ~ ~45 BO.5(1I-V)e 
(180053 + 604) 
Per V ~ 6.0-6.7 ~ —36 09.5CH-V)e 
(300352 + 30) 
HEN 715 V= 90 ~ ~3.5 BiVne 
“(301145 —61) 
WRA 977 V= 108 ~—6 Bi.Sla 
(GX301 ~ 2) í 
MMV star V = 14.7 
(GX304 — 1) 





Optical Estimated Angular distance 
periods distance from X-ray position 
0.7 d? 0.30 kpe 12" 
13.9 min? 0.35 kpe 22" 
584? 

L5 kpe 21" 
23d 2.0 kpe 6” 
11.6 min? 

27° 
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*See text for refs 
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The five sources 

X-ray emission from IS0053 + 604/7 Cas was detected by SAS- 
3 during 30-31 December 1975 with both modulation collimators 
and the source was designated MX0053 + 60 (ref. 5). This source 
was the highest point(~ ISyJy.2-11 keV)inthe 10 ° x 10 ° field of 
the cross-correlation maps which were constructed from seven 
orbits of data (1.3 x 10* s). For Table 1, we assume the spectral 
shape of the Crab nebula and quote a 2-6 keV flux density of 


23 


20 uJy. The X-ray position lies 10” from y Cas which we identify as 
the optical counterpart. 

An X-ray source, MX0049+59, was detected earlier with 
OSO-7, 1.3 ° or about three standard deviations from y Cas (ref. 
21). Independent X-ray observations of this region in December 
1975 and January 1976 with the Copernicus satellite’? yielded a 
positive signal from the region of y Cas with a 3 ° uncertainty in 
celestial position. The source intensities derived from these several 


Fig. 2. The X-ray errorregions(U = Uhuru,C = Copernicus, S = SAS-3)and the proposed optical counterparts for four of the five sources. X Per 

is the very bright star in the field: the other candidates are marked. The photograph for the X Per region is from the blue Palomer Sky Survey plate 

(National Geographic Society); for HEN 715 and WRA 977, from the ESO quick blue survey; for the Mason, Murdin, and Visvanathan (MMV) 
stār**, from a plate taken by Canizares and Hiltner with the 4-m telescope (V filter) at CTIO. 
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observations are comparable, within about 50%. This supports the 
view that y Cas is the only source in this region. The quoted 
intensitites and the absence of an Uhuru sighting!” suggest that the 
intensity is variable. 

y Cas is a BO.5 (ii-V)e star with variable intensity (V = 1.6-3.0), 
variable line profiles, My ~ —4.5, and distance ~ 300 pe (see 
summaries in refs 23,24). The spectral features indicate that the star 
is rotating rapidly, and variations of the emission line profiles 
suggest a 0.7-d period?*. It is an exceptionally variable Be star and 
in this respect is similar to X Per (ref. 23). 

At the distance of 300 pc the 2-6 keV X-ray luminosity is 
~2x 10°3 ergs”. A search for 44 Aemission by SAS-3 yielded an 
upper limit of ~ 130 wy (~ 1/50 the Cygnus Loop flux) in the 
energy ranges 0.10-0.28 keV and 0.4-0.8 keV. In the absence of a 
substantial interstellar cut offat ~ 0.6 keV, this limit and the 2-1 1- 
keV flux indicate a temperature AT 2 1.5 keV for a thermal 
spectrum, or a spectral index « $1.0 for a power law energy 
spectrum. 

X rays from the 3U0352+30/X Per system were first detected 
with Uhuru at a 2-6-keV flux density of 35yJy (ref. 19) and later 
with Ariel V atacomparable level?®, A 13.9-min X-ray period with 
peak-to-peak amplitude of 40% has been discovered?’. Also 
possible 22-h (or 1 1-h, ref. 27) and 581-d (ref. 28) periods have been 
reported, The X-ray source also exhibits irregular variability on 
time scales of minutes?°. 

X Per, by far the brightest star in an early Uhuru error box, was 
proposed as the optical counterpart by several groups*°-*?. A 
V = 12 star, ADS 2859B, which lies 22.5” from X Per has been 
suggested as the counterpart?>. The present results cannot exclude 
it. Its colours and spectrum indicate, however, that it isa normal M 
HI star with no peculiarities which would suggest that it is the X-ray 
source??, 

X Per is rotating rapidly (~400 km s~', ref. 32) and is 
classified’? as a 09.5 (IH-V)e star with M,~ —3.6. Its intensity 
varies slowly on time scales of months or years from V = 6.0 to 


V = 6.7 (refs. 34, 29). Spectral studies yield evidence for a 584-d , 


period**, and narrow band photometry at 4,686 Å provides an 
indication of episodes of 13.9 min variability (ref. 36 and 
Canizares, personal communication). Searches for this episodic 
phenomenon on other occasions and by other observers have not 
yet confirmed it*’. Brucato and Kristian’? place X Per in the 
Perseus 2 association at a distance of 350 pc, which implies an X- 
ray luminosity of 5 x 10°% ergs7?. 

The 3U1145 — 61/HEN 715 system has a maximum X-ray flux 
density of 120 uJy (2-6 keV) which is variable by a factor of 5 (ref. 

19). The B-emission star HEN715 (SAQ251595) has been 
Suggested previously as a candidate on the basis of the Uhuru 
position*®-*°. It is relatively bright (V = 8.95) and blue 
(B-V = 0.2,U—B = —0.85)and exhibits fluctuations in bright- 
ness (AB = 0.02, ref. 39). Its spectral classification is BI Vne (ref. 
41). We estimate the distance of this star to be 1.5 kpc if its 
luminosity is that of a B1 main-sequence star. This leads to a 
maximum luminosity of 3 x 107° erg s7?. 

The GX301 —2/WRA 977 system was first detected by Lewin ef 
al,4? and McClintock et a/.43 during balloon observations which 
showed the source to be bright and variable in intensity by a factor 
of > 20at high X-ray energies ( < 10-200 pJy, 18-36 keV, ref. 44). 
At2-6keV, itis relatively weak (50 pJy) and variable by a factor of 
3 (ref. 19). More recently, it has been found to exhibit an X-ray 
periodicity of 11.6 min (ref. 45) and to feature a strong iron 

“absorption edge in its spectrum**. 

~~ The emission line star WRA 977(V = 10.84) has been proposed 
by Vidal*’ and Jones ez a/.*° to be the optical counterpart. The star 
is heavily reddened (Eg -v = 1.8). The B1.5la classification sug- 
gests an absoute magnitude M, = —6 and a distance of 2 kpc 
(ref. 47). This yields a 2~30-keV maximum X-ray luminosity 
of ~4 x 107% erg s7!. 

At optical wavelengths, a tidal distortion light curve indicates a 
binary period of 23+ l d (ref. 48). This has been confirmed by 
Petro (personal communication) who analysed a 3-yr compilation 
of photometric data provided by many observers. Finally. 
Mauder*® reports that photometric data provide weak evidence 
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for the 11.6-min X-ray period. Thus, the established optical binary 
period of 23d in WRA 977 has not been detected at X-ray 
wavelengths and the 11.6-min X-ray pulse period in GX 301-2 has 
not been detected convincingly at optical wavelengths. It is our 
view. however, that the SAS-3 position removes any residual 
doubt about the identification of WRA 977 with GX301--2. 

The GX304—1/MMV star system was first detected at X-ray 
wavelengths from balloons by Lewin er a/.°°*!. tis another of the 
small class of X-ray sources which have been detected at energies 
upto ~ 50 keV. Like GX301-2, it is highly variable in intensity at 
all energies. At 2-6 keV. its flux density is 80 Jy with a variability 
factor of 5 (ref. 19) and at 20-40 keV the factor is more than 7 
{< 8-60 jJy, refs 43,44). It has recently been found to bea slow X- 
ray pulsar with a period of 4.5 min (refs 52, 53). 

The celestial region of this source is shown on a deep plate (Fig. 
2) taken by Canizares and Hiltner at CT 10 with the 4-m telescope. 
The marked star(V = 14.72and B— V = 1.80)has been proposed 
by Mason, Murdin, and Visvanathan (MMV) as the optical 
counterpart**. They report that this star exhibits Haemission with 
a FWHM of 700 kms”! and an equivalent width of 12A and that 
the absorption spectrum suggests a spectral type between B2 and 
AO. We do not attempt to estimate the distance to the star because 
it lies in a heavily obscured region of the sky (the Coalsack). It is 


‘unlikely that the bright star 1.5’ south of this star is the counterpart 


as proposed earlier by Huckle er al.. It lies outside the 
conservative SAS-3 error circle and its colours do not suggest an 
early-type star (W.A. Hiltner, personal communication). 


Discussion 


` These results seem to establish the existence of the class of accreting 


binary X-ray sources, suggested by Maraschi, Treves, and van den 
Heuvel*°, wherein the source of accreting material is a rapidly 
rotating main-sequence Be star. These authors propose that such 
stars with masses as low as 8- 10M, could become X-ray sources 
through the accretion of circumstellar material on to a companion 
neutron star. They argue that the existence of such binary systems is 
reasonable from an evolutionary point of view. 

The y Cas, X Per and HEN 715 systems apparently belong to this 
class of X-ray emitters. The optical members are emission line, 
09.5-B1. stars with luminosity classifications which are consistent 
with main-sequence membership. Two of these, y Cas and X Per, 
are known to be rapid rotators**:3*, with angular velocities that 
may be sufficient to yield approximately zero effective gravity in the 
equatorial regions**-*9. 

The spinup rate of the 13.9-min X-ray pulsar in the X Per system 
indicates that the compact accreting companion is a neutron star 
and not a white dwarf?*, although the latter would be consistent 
with the low X-ray luminosity** °°. The similarity between the X 
Per and y Cas systems in X-ray luminosity, absolute magnitude, - 
and in their unusually large optical variability?’ suggests that y Cas 
also has a compact companion undergoing accretion. The nature 
of the compact member would be clarified if the system is found to 
exhibit periodic X-ray pulsations. Optical studies of these two stars 
do not exclude the existence of low-mass (< 2M.) secon- 
daries?4 57, 

The data indicate that this type of system can give rise to an 
unusually low luminosity (L, ~ 10°°-10°4 erg s~ ') compared with 
that of other hard (> 2 keV) galactic X-ray sources (10°*—10°° erg 
s~*). The only other known example of such a low luminosity is 
Algol (ref. 2) with L,~1.6x 107) erg s~'. This radio flaring 
object**->° is probably a very different type of system®°, 

In contrast to the Be main-sequence stars, WRA 977 is a 
supergiant. Its X-ray partner is a slow pulsator with a luminosity 
which is quite high ( ~ 4 x 10°° erg s~!) and variable. This system 
is similar to the well known pulsating X-ray binary systems, 
3U0900 — 40 and SMC X-1. It is well established that the X-ray 
emission from these objects arises from accretion on to a rotating 
magnetised neutron star (see refs 61, 62). Both a stellar wind and 
overflow of material from a critical potential lobe may be 
involved®*-°*. The extremely hard and variable X-ray spectrum of 
GX301 — 2 is unusual even among these sources®*-*°, 

The X-ray source GX 304 — LissimilartoGX301 —2inthatithas 


a 
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ahard spectrum, a variable intensity at all energies andisalsoa slow 
X-ray pulsar. The tentative classification of its optical partner as B2 
to AO witha broadened Ha emission line** suggests, however, that 
this might be another example of the Be-star systems discussed 
above. 
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Trondhjemite and quartz diorite xenoliths ejected in 
recent Icelandic eruptions are believed to be derived 
from plagiogranites within layer 3, formed by fractional 
crystallisation of basaltic magmas in the lower crust. 
Evidence indicates that rift jumping to older crust can 
lead to partial melting of plagiogranites at depth and 
their eruption as rhyolitic magmas. 





Tue volume of rhyolites exposed within the lava pile in 
Iceland is disproportionately large (10%), with individual 
rhyolite complexes covering areas up to 450 km’ (refs 1, 2). 
The pronounced bimodal compositional distribution of 
basic and acid extrusives (Fig. 1) suggests, furthermore, 
that a process of shallow-level fractional crystallisation in 
subvolcanic magma chambers cannot alone account for the 
origin of these acid magmas. The "Sr /*°Sr and Pb-isotopic 
evidence*”*, however, precludes the possibility of generation 
of the Icelandic rhyolites by fusion of old continental crustal 
material at depth. An alternative model has recently been 
proposed™™™ to account for the origin of the Icelandic rhyo- 
lites by hydrous partial melting of basalts within the crust. 
This hypothesis is inspired by the experimental work of 
Kushiro’ on the synthetic system Di-Fo-SiO.-H:0 at 
20 kbar, where a silica-rich liquid was generated at 960 C 
There are three principal obstacles to deriving Icelandic 
rhyolites by hydrous anatexis of basalts within the crust. 


(1) The process dictates that the resulting acid melts be 
H:O saturated, contrary to the evidence of Icelandic rhyo- 
lites which are often extruded as dry obsidian lavas or 


solidify at shallow levels as pyroxene-bearing granophyres, 


lacking hydrous phases. Many rhyolitic eruptions in Iceland 


are, of course, violently explosive events, clearly associated 


with a water-rich vapour phase. The oxygen isotope evid- 


ence is consistent with incorporation of some: low-"O 


meteoric water into these magmas. Oxygen-isotope geo- 
chemistry of the acid rocks?" shows that the tephra pro- 
ducts of acid explosive eruptions have 3"O in the 0.4-2.5% 
range, whereas obsidian and rhyolite lavas have 6"O values 
of 4-6 %o. Thus the data are in agreement with the idea that 
the water-propellant of acid explosive eruptions in Iceland 
is largely meteoric water which has diffused into acid 
magma in subvolcanic magma chambers”, 

(2) Anatexis of basalt in the presence of H:O at pressures 
comparable with the lower Icelandic crust (5 kbar) generates 
andesitic and dacitic melts analogous to the calc-alkaline: 
suite of island-arcs™ and unlike Icelandic rhyolites (Fig. 2): 

(3) No field evidence has been presented so far for the 
existence of amphibolites or other suitable metabasite 
starting material under Iceland, nor have xenoliths of 
possible refractory phases of this process been erupted. 

An alternative model proposed here for the origin of 
Icelandic rhyolites is the melting of plagiogranites within 
the oceanic layer. By analogy with ophiolite complexes’”™ 
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and petrological models of the oceanic crust?**>*, it is 
proposed that layer 3 under Iceland is composed of layered 
(cumulate) mafic rocks at the base, overlain by gabbros 
which grade upwards into leucocratic differentiates: 
trondhjemites and quartz diorites. This model of the oceanic 
layer under Iceland is supported by the ejection of plagio- 
granite xenoliths in several recent eruptions and the 
occurrence of plagiogranites in ophiolite sequences. The 
model is also consistent with the geochemical evidence, 
such as the bimodal compositional distribution of Icelandic 
volcanics and the dry character of the rhyolites. 


Icelandic plagiogranite xenoliths 

Fragments of leucocratic rocks have been ejected in a 
number of recent eruptions in Iceland, notably the 1963-67 
eruption of Surtsey and the 1875 plinian eruption of Askja. 
Most finds are in basaltic scoria cones in the eastern and 
Snaefellsnes zones, that is, outside the western volcanic 
zone’, Most Surtsey xenoliths have undergone extensive 
partial fusion and assimilation of the acid liquid into 
the basaltic melt, leaving a refractory residue of anorthitic 
plagioclase, tridymite and more rarely cordierite and mul- 
lite. Study of leucocratic xenoliths from Surtsey has shown 


Number of analyses 





Fig.1 Bimodal distribution of SiO, in 542 chemical analyses of 
volcanic rocks from Iceland. 


that a complete gradation exists between anorthite- 
tridymite refractory assemblages and xenoliths of 
trondhjemite and quartz diorite relatively unaffected by 
fusion”. The texture of Icelandic plagiogranites is distinct 
from that of granophyres in Tertiary and Quaternary 
intrusive complexes exposed in eastern and western Iceland. 
The majority of the plagiogranite xenoliths contain 55-85%, 
plagioclase, 10-35% quartz, minor clinopyroxene, K- 
feldspar, accessory zircon and variable amounts of 
intergranular pale brown to colourless glass. Plagioclase 
ranges from An» to Ang and typical plagioclase composition 
in Surtsey xenoliths is Ans;AbuOr. Plagioclase in Askja 
xenoliths is comparable but more potassic, with average 
composition of AngAb;sOr,. Rounded grains of magnetite 
and augite (WowEnyFsx) are the sole remnants of 
ferromagnesian minerals in the Surtsey xenoliths. Xenoliths 
from Snaefellsnes, and rare fragments from Surtsey, are 
granodiorites, with up to 25% K-feldspar in the mode, 
as reflected in their higher KO (ref. 28). The Icelandic 
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plagiogranite xenoliths are in varying stages of fusion, 
ranging from trondhjemites with minor intergranular glassy 
films, to white frothy blocks consisting largely of very 
vesicular glass with minor relict quartz and plagioclase. 
Microprobe analyses of intergranular glasses in xenoliths 
ejected in the Surtsey 1963 eruption and Askja 1875 
eruption (Table 1) show the general similarity between these 
partial melts and Icelandic rhyolites. The similarity in 
composition of partial melt in the 1875 Askja plagiogranite 
xenoliths and the rhyolitic tephra which brought these 
fragments to the surface (Table 1) is particularly persuasive 
evidence of an origin of the Askja acid magma by fusion 
of plagiogranites at depth. 


FeO+ Fe,0, 





Na,0+K,0 MgO 


Fig. 2 Chemical variation in Icelandic volcanic rocks. Solid lines 
are the compositional trends of partial melts generated by 
anatexis of Hawaiian basalt at 5 kbar water pressure at the 
QFM and HM buffers"®. Solid symbols mark the compositions of 
partial melts in plagiogranite xenoliths from Iceland (Table 1). 


In Table 1 the composition of Icelandic plagiogranite 
xenoliths is compared with diorites from the Mid-Atlantic 
Ridge” and plagiogranites from ophiolite complexes”. 
It was suggested above that plagiogranites were formed 
during fractional crystallisation in magma chambers within 
the oceanic layer under Iceland. Direct evidence in support 
of this hypothesis is lacking, but it is, however, consistent 
with the high geothermal gradient”, the ejection of 
cumulate gabbro nodules in Iceland”, the geophysical 
structure of the lower crust, and the evidence from ophiolite 
complexes. 


Plagiogranites in ophiolites 

Most workers agree that ophiolites represent fragments 
of ancient lithosphere and thus provide important clues 
to the understanding of younger crust at modern spreading 
centres. Plagiogranites containing predominant zoned sodic 
plagioclase and quartz, with minor ferromagnesian minerals 
and rare K-feldspar, are a subordinate but persistent 
component of ophiolite sequences, occurring as discrete 
intrusive bodies of diffuse facies in upper part of layer 3 
(refs 17, 18, 19, 22, 24, 25, 32). In the Vourinos ophiolite 
complex, for example, layered gabbros of the mafic zone 
grade upwards by increase in hornblende and quartz and 
decrease in pyroxenes into a 1 km thick massive layer of 
quartz diorite and hornblende diorite, making up over 
6% of the complex’. Similar plagiogranites and other 
leucocratic rocks have also been dredged from the Mid- 
Atlantic Ridge”’’***, most notably 96km west of the 
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Table 1 Composition of Icelandic plagiogranite xenoliths and their partial melts, and plagiogranites from ophiolites 
and the Mid-Atlantic Ridge 











1 2 3 4 5 6 7 8 9 10 1i 
SiO; 61.60 61.97 72.38 69.94 72.47 73.70 72.45 76.77 76.87 73.63 73.5 
TiO, 0.22 0.94 0.45 0.25 0.33 0.38 0.40 0.52 0.42 0.81 0.31 
Al.Os 23.81 16.00 13.33 16.91 14.17 13.94 12.58 11.81 11.89 12.33 133 
Fe,05 0.38 3.22 3.00 1.26 1.85 1.44 
FeO 2.20 3.57 1.85 2.64 L19 1.72* 4.88* 1.72* 1.62* 3.27* 1.81 
MnO 0.02 0.09 0.04 0.09 0.08 0.03 0.01 0.03 0.01 0.01 0.08 
MgO 0.25 2.43 0.38 0.94 1.39 1.18 0.73 0.51 0.35 0.66 0.33 
CaO 6.00 3.24 2.95 2.46 1.48 2.75 3.42 0.91 0.60 2.33 1.64 
Na,O 5.90 5.55 3.77 3.14 5.55 4.30 4.70 3.90 3.90 4.18 4.46 
K,O 1.12 0.75 1.37 0.95 0.24 1.40 0.49 2.90 3.60 2.46 3.03 
H,O 0.46 1.28 0.30 1.20 0.90 0.70 
P.O; 0.02 0.22 0.05 0.07 0.06 0.04 0.19 0.20 - 0.12 0.11 
99.98 99,26 99.87 99.85 99.71 100.14 99.85 99.27 99.25 99.80 100.01 





1, Trondhjemite xenolith (1166) from Surtsey 1963 eruption. 2, Diorite dredged from Mid-Atlantic Ridge at 45°N (ref. 27). 3, Trondhjentite 
xenolith (1165) from Surtsey 1963 eruption®*. 4, Quartz diorite from the Vourinos ophiolite complex, Greece’, 5, Diorite dredged from Mid- 
Atlantic Ridge at 45°N (ref. 27). 6, Highly fused frothy xenolith from Surtsey 1963 eruption”. 7, Partial melt of trondhjemite xenolith (1352) from 
Surtsey 1963 eruption. 8, Partial melt of quartz diorite xenolith (AS-26/1) from Askja 1875 eruption. 9, Partial melt of quartz diorite xenolith 
(AS-15) from 1875 Askja eruption. 10, Glass composition of rhyolitic tephra from the 1875 Askja eruption®. 11, Average composition of 58 


Icelandic acid rocks*4, Values given are percentages. 
*All iron reported as FeO. 


ridge axis at 45°N. These quartz diorites and hornblende 
diorites are closely comparable with plagiogranites from 
ophiolites, both in chemistry and petrography (Table 1). 
The occurrence of plagiogranites in ophiolites and oceanic 
crust is best accounted for by a process of crystal frac- 
tionation of tholeiitic melts, operating in magma 
chambers within the oceanic layer", This concept 
is supported by the similarity in “Sr/**Sr values of plagio- 
granites and associated gabbros*’**. The negative Eu 
anomalies observed in plagiogranite REE patterns further 
show that plagioclase extraction has an important role in 
the differentiation process*’**. The occurrence of 
plagioclase, olivine and clinopyroxene-cumulates or layered 
gabbros at the base of the mafic zone in ophiolite sequences 
is further evidence of crystal fractionation within layer 3. 


Petrological model of the Icelandic crust 

The layered structure of the Icelandic crust is broadly 
similar to that of the ocean floors, but differs in two 
important details. The Icelandic crust varies from 8 to 
15 km—approximately two to three times the thickness of 
normal oceanic crust, Much of this thickening is due to 
layer 2 and has been attributed to higher rate of lava 
production from the Icelandic mantle plume than on normal 
ocean ridges™™, combined with relatively slow spreading 
rate. Layer 3 under Iceland is also thicker than in normal 
oceanic crust, and differs significantly in having lower 
average P-wave velocity (6.5km s™`) than the oceanic 
layer (6.73 kms’). This lower velocity can only partly 
be explained by higher temperatures and can also be 
attributed to higher proportion of differentiated rocks. 
The inverse relationship between thickness of the oceanic 


layer and spreading rate” has been attributed to more 
efficient diffusion of interstitial melts in cumulates forming 
at the base of the crust, resulting in more extensive 
differentiation and secondary enlargement of the oceanic 
layer in slow-spreading regions such as Iceland”. Thus 
the differences in crustal structure between Iceland and 
normal ocean ridges may be a matter of degree rather 
than differences in character. 

The proposed petrological model of the Icelandic crust 
is shown in Fig. 3. Layers 1 and 2 (2.8-5.1 km s™) are 
equated mainly with downwarped basalt lavas, dipping 
towards the long-lived western volcanic zone, grading into 
a lava-dyke complex with depth’. Layer 3 is equated. 
with gabbros, associated cumulate layered gabbros and 
leucocratic differentiates, along the lines suggested by 
Cann” for the structure of the oceanic layer. This part 
of the crust is envisaged as forming from crystallisation of 
basaltic magma in magma chambers within layer 3, 
principally under the rift zone flanks, where crystal settling 
in lateral parts of the magma chamber will give rise to. 
layered gabbros at the base of the crust. During episodes 
of rifting and magma injection into the crust, such as the 
current episode in the north-eastern volcanic zone“, 
fractionation of the basaltic magma will be limited in 
extent. Between episodes of magma input, however, 
differentiation will proceed by- crystal settling of calcic 
plagioclase and minor clinopyroxene and olivine in stagnant 
cooling lateral zones, distant from the axial zone of magma 
injection, resulting in the formation of differentiates solidi- 
fying as quartz-diorites, diorites and trondhjemites above 
gabbros in layer 3. Differentiates. are unlikely to form in 
the active zone of basaltic magma injection immediately” 


Fig. 3 Diagrammatic model of the crust in southern Iceland, based on the seismic structure”, geological evidence of the lava pile and 
modifications of the oceanic crust model of Cann”. The younger eastern rift zone has transected older crust, resulting locally in generation of 
rhyolite magmas from the partial melting of plagiogranites within layer 3 by ascending basaltic magmas. 
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under a rift, and are envisaged as forming rather within 
the upper part of layer 3, some kilometres away from the 
axial zone. 


Generation of rhyolite magma 


In Iceland the distribution of rhyolites is closely associated 
with central volcanoes, where they make up to 20% of the 
exposed volcanics in many cases’. As pointed out by 
Sigvaldason’, the great majority of rhyolite-producing 
central volcanoes of Late Quaternary to Recent age occur 
in volcanic zones which have dissected and are underlain 
by older crust, such as the eastern rift zone and the Snae- 
fellsnes volcanic zone. Rhyolites are, on the other hand, 
altogether absent from the rift zone of Reykjanes penin- 
sula", a region underlain by young crust. The distribution of 
plagiogranite xenoliths follows a similar pattern. They are 
most numerous in the Snaefellsnes zone, where recent vol- 
canism has penetrated 5—13-Myr-old crust, and in the 
eastern zone, from Surtsey to Askja. Saemundsson" has 
inferred that the northern part of the eastern zone was 
established in its present position 4 Myr ago, following rift- 
jumping from the west, on to 8-Myr-old crust in the east. 

It is proposed that the majority of rhyolites erupted in 
the Quaternary to Recent volcanic zones in Iceland are 
generated by melting of plagiogranite within layer 3 during 
episodes of injection of basaltic magma into a rift zone 
recently established within older crust. The availability of 
plagiogranites for this melting process is, however, limited 
to regions of older crust. Rhyolitic volcanism of this type is 
then restricted to regions of rift jumping, where a younger 
rifting episode transects older crust containing a differen- 
tiated gabbroic sequence with overlying plagiogranites. The 
structural and time relationships of individual rhyolitic 
centres are rarely known in sufficient detail to test this 
model. The well-studied Hallarmuli central volcano in 
‘western Iceland is a good case in point, however. 
Johannesson” has shown that the earliest volcanics of this 
centre were acid ignimbrites erupted 6 Myr ago, on a 12.5- 
Myr basaltic crust. The model is also consistent with avail- 
able geochemical evidence, such as measurable differences 
in “Sr/*Sr ratio between rhyolites and field-associated 
basalts in the Torfajokull centre’. O’Nions and Gronvold*® 
pointed out that the present-day “Sr/*Sr ratio of the 
rhyolites could be accounted for by postulating a 16-Myr-old 
source with initial Rb/Sr ratio of approximately 0.8. The 
observed range in Rb/Sr ratios of Icelandic plagiogranite 
xenoliths varies from 0.04 to 2.1 (ref. 26) and demonstrates 
the availability of such a source within older regions of the 
Icelandic crust. The large negative Eu anomaly in rare 
earth element (REE) patterns of Icelandic rhyolites® is also 
comparable with the Eu anomaly in plagiogranites from 
ophiolite complexes”, but the meagre data indicate 
lower overall REE abundances in the latter. 

Implications of the proposed two-stage model for the 
origin of Icelandic rhyolites and petrological structure of 
the Icelandic crust are diverse. It is emphasised that the high 
volume of rhyolites erupted at the surface is not anomalous 
when considered in the framework of fractional crystallisa- 
> tion within layer 3. Furthermore, it is likely that the volume 

of rhyolites exposed at the surface in Iceland is not repre- 
sentative of their total volume in the crust as a whole, due 
---to the possibility that the less dense rhyolitic melts will be 
preferentially concentrated at higher levels in the crust“. If 
it is assumed, for purpose of illustration, that iyers 1 and 
2 are 4 km and layer 3 is 8 km thick, and that 10% of layers 
1 and 2 are rhyolite, then formation of a salic differentiate 
residuum amounting to 5% of layer 3 would be required to 
form a plagiogranite source for the rhyolites. An important 
corollary of this model is that the basalt magmas which 
appear at the surface will in many cases have been modified 
by extensive fractional crystallisation’, as the generation of 
leucocratic rocks within layer 3 is envisaged as a result of 
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differentiation of primary basaltic magma rising into the 
Icelandic crust. Also, it is likely that the heat required for 
partial melting of plagiogranite within older crustal regions 
is provided by extensive crystallisation of basaltic magmas 
in proximity with the leucocratic rocks. Thus basaltic lavas, 
associated with rhyolites which have originated in this way, 
are likely to be fractionation products of more primitive 
melts. 

The mechanism envisaged for generation of Icelandic 
rhyolites is likely to be equally applicable to other oceanic 
hot-spots where rift-jumping has occurred. An appropriate 
example is the Easter Island region, where eastward jump 
of the Nazca-Pacific plate boundary has been documented“. 
Taken together with the structural evidence, the marked 
chemical discontinuity betwen Easter Island rhyolites and 
associated basalts and the differences in “Sr/*Sr ratio” 
suggest that Easter Island rhyolites may also owe their 
origin to fusion of plagiogranites within layer 3, as a con- 
sequence of rift-jumping. Similarly in the Azores region a 
marked bimodal compositional distribution occurs between 
basalts and contemporaneous salic peralkaline lavas“ where 
gomendites have significantly higher “Sr/*Sr ratios than 
associated basalts*®. Volcanism in the Azores islands is 
related to easterly trending fracture zones transecting older 
crust, generated at the Mid-Atlantic Ridge to the west. 
Thus the structural framework and geochemical evidence 
are also consistent with generation of the salic rocks in the 
Azores by remelting of plagiogranites at depth. Salic per- 
alkaline lavas are volumetrically insignificant but wide- 
spread amongst oceanic islands. If their genesis can be 
interpreted in terms of partial fusion of plagiogranite within 
the oceanic layer, then is the cordierite—mullite refractory 
assemblage in the Icelandic xenoliths providing a clue to 
the origin of the peralkaline condition? 

I thank R. S. J. Sparks for discussion. This research was 
supported by the US NSF. 
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Crystals have been obtained of nucleosome cores and 
analysed by X-ray diffraction and electron microscopy. 
The core is a flat particle of dimensions about 
110 x HO x 57 A, somewhat wedge shaped, and 
strongly divided into two ‘layers’, consistent with the 
DNA being wound into about 1} turns of a flat super- 
helix of a pitch about 28 A. The organisation of the 
DNA can be correlated with the results of enzyme 
digestion studies. A change in the screw of the DNA 
double helix on nucleosome formation can be deduced. 





THERE is a good deal of evidence that, as proposed by 
Kornberg’, chromatin consists of repeating units, termed 
nucleosomes, containing a fairly well defined length of 
DNA’ (200 base pairs in rat liver’) associated with an 
octamer aggregate of the histones containing pairs of 
each of the four main types (for review see ref. 4). The 
fifth histone, H1, is also associated with the nucleosome, 
but in a manner which is not clear. Enzyme digestion 
studies on nuclei, using micrococcal nuclease, have shown 
that while the DNA content of nucleosomes is often 
about 200 base pairs, quite large variations are found 
according to the species or tissue investigated. But it 
has been found that further nuclease digestion produces 
a ‘core’ particle? containing the same number, ~140 of 
base pairs in all cell types so far investigated. The rest 
of the DNA in the repeat length not included in the core 
is thought of as a linker between core particles. We report 
here the crystallisation of nucleosome core particles, and 
X-ray and electron microscopic studies on the crystals 
which have led to a low-resolution map of the structure. 
By combining this result with data from enzyme digestion 
studies on the DNA in nucleosomes and general con- 
siderations on the bending of DNA, we can obtain a picture 
of the organisation of DNA in a nucleosome core and 
a rationale for this organisation. 

The work began following the discovery in this laboratory 
by Noll and Kornberg in 1974-75 that, on more prolonged 
digestion with micrococcal nuclease, the repeating unit 
of rat liver chromatin is broken down progressively from 
200 base pairs of DNA. They found a pause in the digestion 
at the 160-base-pair stage and a longer one at 140 base 
pairs, between which stages histone H1 is released’. 
Early experiments on crystallising particles at the 160-140- 
base-pair stage were not successful, probably due to the 
presence of residual H1. It was not until the development 
of a method for the preparation of homogeneous nucleo- 
some cores on a large scale for the purpose of biochemical 
studies (L.C.L., in preparation) that crystals could be 
regularly and reproducibly grown. Crystallisation of nucleo- 
some cores has been reported previously’ but no analysis 
has been made. 

Intact nucleosome cores have been crystallised and 


- Studied but we found that the best crystals so far obtained, 


which diffract to spacings of about 20A, come from 
‘particles which have had some of their histones cleaved 
by proteolysis. For the reasons given later we think 
that the core particles have not in consequence suffered 


any significant change in structure, and that the results 
obtained are generally valid. The unit cell is large and 
contains three particles in the asymmetric unit, which 
then has a molecular. weight of about 600,000, so that 
the solution of the structure by X-ray methods is a 
formidable task. For this reason the X-ray analysis h&s 
been carried out in conjunction. with electron microscope 
studies on the crystals, and related aggregates, using 
methods of image. reconstruction developed in this labora- 
tory”. We have solved the three. centro-symmetric 
projections of the crystal structure, and because one of 
them is down an axis looking through the width of only 
one particle, a fairly clear picture of the overall structure 
of the nucleosome core has emerged. 


Preparation and characterisation 
of nucleosome cores 


A detailed description of the preparation will be given 
elsewhere (L.C.L., in preparation). Essentially it involves 
preparation of nuclei from rat liver? and production of 
long chromatin from these nuclei by digestion with micro- 
coccal nuclease. The long chromatin is then passed over 
a Sepharose 4B column equilibrated with 0.45 M NaCl 
to remove histone H1 as well as non-histone proteins, 
redigested with micrococcal nuclease and chromatographed 
on Sepharose 4B to produce a preparation of monomer 
core particles. The DNA of these cores is nominally 140 
base pairs in length’. Polyacrylamide gel electrophoresis 
of the DNA from this preparation shows a single band, 
as seen in Fig. 1. When compared with the DNA from a 
DNase I digestion of chromatin, which contains a series 
of bands which differ by 10 bases’, it can be seen that 
the monomer DNA has length distribution similar to 
that of a single DNase I-produced band; that is, less than 
+3 bases. The monomer preparation contains no histone 
H1 and usually contains normal amounts of histones H2A, 
H2B, H3 and H4 (Fig. 2). 

These intact nucleosome cores almost invariably gave 
microcrystals as described below. But, the largest. single 
crystals (Fig. 3) were obtained on occasions. when the 
histones in the core particles showed extensive proteolysis 
(Fig. 2c, d). In most of these preparations the H3 and H2B 
bands have almost completely disappeared and new low 
molecular products are present. When this proteolysis 
occurred an endpoint seemed to be reached, as judged 
by the gel patterns. We have not investigated the nature 
of the products, but we believe that these partially proteo- 
lysed nucleosome cores are not much changed in their 
gross structure from the intact ones. First, the sedimenta- 
tion constant of the proteolysed particle in 100 mM NaCl 
is hardly changed from the intact material (10.3S against 
10.5S: we thank Dr P. J. G. Butler for these measure- 
ments). Second, brief DNase I digestion shows a pattern 
of bands every 10 bases (Fig. 1) which is very similar in 
its intensity distribution to that from intact particles, 
except that the rate of digestion of the proteolysed particles 
is higher. Moreover the relative frequencies of cutting at 
the individual sites, as determined by .end-labelling 
experiments (see below), remain very similar for the 
proteolysed particles. Third, the crystal structures of the 
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Fig. 1 Polyacrylamide gel analysis of DNA in single stranded 

form from a, 140-base-pair nucleosome cores which gave the 

large crystals used for X-ray work (and in which some of the 

histones had been proteolytically cleaved, Fig. 2c); b, preparation 

(a) digested with DNase I; c, rat liver nuclei digested with 

DNase I. The DNase | digestion and gel electrophoresis were 
carried out as described in refs 3 and 9. 


two are closely related. Furthermore, various preparations 
showing somewhat different patterns of proteolysis (for 
example, Fig. 2c, d) crystallised in identical forms, but 
with occasional differences in habit. For these reasons 
it is possible that the smaller fragments of the proteolysed 
histones (~1,000 to 3,000 molecular weight) which can 
be seen on the gel patterns are still present in the particles 
which have crystallised. If so, then the histone molecules 
on the core particle may not be much changed in tertiary 
structure, although some covalent linkages have been 
cleaved. This question is under investigation. 


Crystallisation methods 
The general methods used were similar to those described 
for crystallisation of various transfer RNAs in this labora- 
tory'™™'™*, The ‘monomer’ peak from the Sepharose column 
was concentrated to about 3-6mgml"', and this solution 
was dialysed against a buffer containing 10mM_ Tris-HCl, 
pH 7.4, 0.2mM EDTA, 0.1.mM_ phenylmethylsulphonyl 
fluoride and 0.3mM azide. Crystals of the nucleosome 
cores have been obtained at both 4 °C and room tempera- 
ture using a variety of components in the crystallisation 
mixture, but not enough experiments have been done so 
far to provide a phase diagram as complete as that for 
tRNA (ref. 14). The final concentration of the nucleosomes 
in the crystallisation mixture ranged from 0.5 to 2 mg mI. 
Microcrystals and small single crystals were grown in the 
presence of 0.4-0.6mM spermine tetrahydrochloride, or 
3-4 mM MgCl: plus 0.2mM spermine or else at 10 mM 
MgCl, 1.5mM spermine and NaCl up to concentrations 
of 100 mM in 10% (w/v) hexan-1,6-diol. Small crystals were 
also grown in the presence of polyethyleneglycol 6000 
(5-10%, w/v) which had the effect of reducing somewhat 
the concentration of Mg’** and spermine required. 

The crystals were grown either in drops in glass cavity 
slides, equilibrated against the organic solvents or in small 
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Fig.2 Histone composition of a, rat liver nuclei; b, crystals 
of nucleosome cores with intact histones; c and d, crystals of 
two preparations of proteolytically cleaved nucleosome cores. 
The sodium dodecyl sulphate—polyacrylamide gel analyses were 
carried out as in ref. 42. 
stoppered glass tubes containing the appropriate mixtures. 
In both the vapour diffusion and direct addition methods, 
crystallisation occurred in 1—4 d. 


Crystal packing 

No large single crystals of intact material have yet been 
grown, but in the conditions described above microcrystals 
were obtained. X-ray diffraction ‘powder’ diagrams from 
these show three clear rings of spacings at 96, 55 and 37 A 
and a fainter ring at about 29A. The first three spacings 


Fig. 3 Crystals of nucleosome cores. The two larger ones are 
typical of those used for the single crystal X-ray diffraction 
work. Scale bar, 0.2 mm. 
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index on a two-dimentional hexagonal cell of side 110A, 
and correlate well with electron microscopic observations 
on the crystals which show extensive areas of a hexagonal 
arrangement of particles with this same cell side (Fig. 4). 
Such close packing is natural for particles with a circular 
shape. Although the micrograph showed these crystals to 
be several layers deep with the particles in register, so 
that the nucleosomes formed columns hexagonally packed, 
no obvious extra lines were found in the powder diagrams 
to indicate the inter-layer spacing. In view of the results 
described below, however, it seems likely that the inter- 
layer spacing is 57 A—and so unresolved from the 55A 
ring for the basal hexagonal cell—and that the observed 
ring at 29A is its second order, since it definitely does 
not index on the hexagonal cell. 

X-ray powder diagrams from small crystals of cleaved 
material show rings with the same spacings as the intact 
material but in addition, rings at spacings, 168, 72 and 
50 A, and other weaker unresolved rings. The significance 
of these became clear when crystals grew sufficiently large 
to be studied singly. To anticipate the results, these spacings 
reflect the fact that the cleaved core particles do not 
stack over each other in register but are displaced side- 
ways to produce ‘wavy’ instead of straight, hexagonally 
packed columns. The largest crystals grew to about 
200 x 50X20 um in size and X-ray precession photographs 
were obtained. The X-ray patterns extend to spacings 
of about 20A and the patterns in the directions of the 
cell axes are shown in Fig. 5. At this stage we cannot 
tell whether the limit to the resolution is set by disorder 
in the crystals or by the combination of small crystal 
size and large unit cell. The crystals are orthorhombic 
of unit cell sides a=110 A, b=192A and c=340A. The 
absence of odd index reflections along the directions of 
the reciprocal cell sides suggests that, at least to this 
resolution, the space group is P2;2;2;. Most of the X-ray 
data out to spacings of 25A have been collected and a 
three-dimensional Patterson function calculated, the 
features of which are consistent with this space group. 

The ratio of the cell sides b:a is 1.74, very close to 
V3=1.73, suggesting a pseudo-hexagonal packing in the 
(001) plane, probably of columns spaced 110A apart. 
The high intensity of the 006 and 0012 reflections 
indicate strong subdivisions along the c axis of 57 and 
28.5 A, but there is no indication of a 110-A subdivision 
in this direction in either the X-ray pattern or the Patter- 
son. We therefore conclude that the units packed along 
a column are spaced 57A apart, and have a strong bi- 
partite character in this direction. On this basis there 
would be 12 of these units per unit cell and these can 
be identified as nucleosome cores, since density measure- 
ments, although difficult with such small crystals, set 
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Fig. 4 Electron micrograph of crystal of nucleosome cores 

with intact histones, negatively stained with uranyl acetate. 

The cores are hexagonally packed with an interparticle distance 

of 110 Å. The dark centres indicate a lower density there than at 
higher radii. ( x 300,000). 


limits of 9 and 14 for the ‘number of particles in the cell. 
Twelve particles per unit cell means 3 in the asymmetrié 
unit, which then has a molecular weight of 600,000. 

Both the [100] and [010] X-ray photographs show strong 
reflections in the neighbourhood of the 006 and 0012 
reflections, which, together with other features of the 
patterns, suggest that the columns of nucleosomes are 
not straight. The simplest interpretation’, confirmed later 
by electron microscopy, is that in the [010] projection, the 
columns of nucleosomes appear as approximate sine waves 
of period c=340A and amplitude about 14 A, adjacent 
waves being approximately in phase. In the [100] pro- 
jection, the columns are also sinusoidal with a period of 
340A and amplitude about 8A, but adjacent waves are 
out of phase. Together the two projections imply that 
in three dimensions the line of particles in the z direction 
follows a sine wave lying in a plane rather than a helix. 
The projections of the sinusoidal columns down the 
z axis are elongated and there are two different directions 
of elongation in the unit cell. Hence although the centres 
of the projected columns lie on a hexagonal lattice, the 
packing is only pseudo-hexagonal, accounting for the 
presence in the [001] X-ray photograph of reflections with 
h+k odd. 

The chief differences in the ‘powder’ patterns from 
the intact and cleaved material can now be explained. 
In the crystals of the intact cores, the particles stack 
in register in the c direction, leading to straight rather 
than wavy columns (hence the absence of the 011 reflection 
at 168 A). These columns are cylindrical when projected 
along the c axis, hence at low resolution the packing 
appears indistinguishable from hexagonal, whereas the 
wavy columns of the cleaved particles give an elliptical 
projection and hence stronger departures from hexa- 
gonality, exemplified by the 120 reflection at 72 A. The 
straight columns of the intact material are divided into 


Fig. 5 X-ray precession photographs of crystals of nucleosome cores taken in the directions of the unit cell sides a, [100]; b, [010]; c, [100]. 
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57 A and 28A spacings in the same way as is the cleaved, 
corresponding to the nucleosome spacing and its halving. 
This has been confirmed by recent X-ray photographs 
of single crystals of intact core particles which show 
the strong 00/ reflections corresponding to the thickness 
and bipartite nature of the nucleosome core. The c-axis 
repeat is now only 110 A, corresponding to two nucleosomes 
55 A ‘high’, while the a and b axes remain the same. 


Electron density map 


The packing deduced from the X-ray data has been 
confirmed by electron microscopy. Patterns which can 
be identified with views of the crystal in the direction of 
the cell sides have been found in electron micrographs 
of fragments of crystals. Although there is considerable 
shrinkage particularly in the 340-A direction (vacuum 
dried crystals visibly shrink some 10%-20% in this 
direction) the distribution of intensity in optical diffraction 
patterns made from the micrographs agree well with the 
low-angle part of the corresponding X-ray patterns. We 
have found images corresponding to the three principal 
projections, selected and processed the best of them 
using optical and computer methods for image analysis’’. 
We have used the phases (signs in this case) of the 
reflections determined by computing the Fourier transforms 
of the images, with the amplitudes derived from the X-ray 
patterns to calculate electron density maps of the principal 
projections of the crystal structure. This analysis did 
not give the signs of some of the outermost strong 
reflections and we therefore assigned signs to make the 
three crystallographically independent particles in the 
unit cell as alike as possible. This use of ‘non-crystallo- 
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graphic symmetry’ is a compensating advantage of working 
with a large unit cell. A fuller account will be published 
elsewhere”. 

In the [100] and [001] projections there is considerable 
overlap of units at different depths in the unit cell 
although in the former the sinusoidal columnar nature 
of the packing is evident and in the latter the pseudo 
hexagonal packing of the columns. The least overlap 
occurs in the [010] projection, the map of which is 
shown in Fig. 6. Wavy columns of particles, that is nucleo- 
some cores, about 57A apart, are clearly visible. The 
density in each particle is strongly divided into two but 
the two halves are not always parallel to each other, so 
that the particle itself looks wedge shaped. Indeed the 
run of particles in an arc of the sine wave is reminiscent 
of the arrangement of voussoirs in an arch, but the map 
gives the impression that the three crystallographically 
independent cores do not all have quite the same rotational 
setting about the c direction. 

The electron micrographs we have obtained of the 
crystals do not directly show much detail beyond the 
arrangement of the core particles. We have therefore 
searched for specimens which would show more details 
of the internal structure and so be compared with the 
map shown in Fig. 6. To this end we have set up specimens 
for crystallisation, examined them in the electron micro- 
scope before visible crystals appeared and found wavy 
columns of particles. Figure 7 shows some nested columns, 
similar to the packing which would exist in a section 
of the crystal perpendicular to the y axis and one layer 
thick. Along the columns, associated pairs of 27-A 
striations are often clearly evident, but the nature of the 


Fig. 6 Electron density map of the projection of the crystal of nucleosome cores in the direction of the a axis of the unit cell. The nine 


strongest amplitudes in the [100] X-ray diagram (Fig. 5a) out to si 


from the calculated Fourier transform of an electron micrograph o! 


cings of 25 A were included. The signs of seven of these were taken 
crystal in the corresponding orientation. The signs of the remaining 


two amplitudes were chosen to make the three crystallographically independent particles in the asymmetric unit most nearly equivalent. 
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Fig. 7 Electron micrograph of columns of nucleosome cores 
formed after a short time in the conditions of crystallisation, 
negatively stained with uranyl acetate (x 300,000). The wavy 
columns correspond to those along the c axis in the crystal (Fig. 
6). They are about 100 A in diameter and consist of stacks of 
bipartite nucleosome cores spaced about 55 A apart. The two 
halves of the particles do not always appear parallel and are often 
V-shaped especially at bends in the columns. The fine details 
along the two halves of a particle are often related by mirror 
symmetry consistent with views of a particle with several radially 
directed pseudo-dyad axes. 


pairing varies along the column. Sometimes the associated 
pair of striations are parallel but often they are not, giving 
a wedge-shaped appearance to the bipartite unit. In all 
of these cases, however, there is a strong tendency for 
the two halves to be related by approximate mirror sym- 
metry, consistent with views at right angles to a twofold 
axis, or pseudo twofold axes, such as might arise from 
the arrangement of eight similar histone molecules about 
a true dyad. 


Relation to small-angle 

scattering studies in solution 

The flat shape seen for the nucleosome core is consistent 
with the determination of the volume and surface area 
of (intact) core particles by a model-independent analysis 
of small angle X-ray scattering data in solution (A. Tardieu 
and L. Sperling, in preparation). Whereas the radius 
of gyration (determined from the very low-angle data) 
would correspond to a uniform sphere of radius 57.6 A, 
the surface area (determined from analysing the scattering 
curve to a resolution of 20A) would correspond to a 
sphere of radius 72+5 A, suggesting a shape departing 
markedly from the spherical. 

There have been earlier proposals for a disk shape for 
the nucleosome core’. The model calculations of the 
Searle group™ to explain their low angle X-ray and 
neutron scattering data in solution (to a resolution of 
about 30 A) show that a flat particle fits the data well; 
and they have proposed a model for the core of the 
type we have found, although scattering in solution which 
yields spherical averages of intensities, can never prove 
a model. Only three dimensional data can resolve super- 
posed intensities and give direction to dominant spacings 
observed. 

Thus it can be seen that the 38-A and 27-A bands 
observed in X-ray scattering from nucleosome cores in 
solution (A. Tardieu and L. Sperling, in preparation), 
and also of course in whole chromatin, come from direc- 
tions at right angles to each other. It is very likely that 
the 38-A reflection which occurs in the plane of disk has 
a contribution from the second maximum of a Bessel 
function corresponding to the radius of the DNA, the 
first maximum being at 70 A, which in the X-ray data 
appears as a broad shoulder superposed on the steeply 
falling part of the ‘shape’ scattering curve. But the 70-A 


maximum shows up clearly in the spherically averaged 
‘internal’ scattering function deduced from neutron scatter- 
ing using contrast variation’. The 27-A band comes pre- 
dominantly from internal structure along the axis of 
the short cylinder, corresponding to the spacing of the turns 
of the DNA superhelix. Again, this fluctuation of density is 
evident in the ‘internal’ structure function’. There is 
therefore no gross difference in structure between nucleo- 
somes in solution and in the crystal. 

There are also other obvious implications for interpreting 
the X-ray patterns from whole chromatin. Thus the crystal 
data shows that the well known ‘55-A reflection’ of 
chromatin in fact occurs in two directions at right angles 
(in the neighbourhood of the reflections 200 and 006) 
and has a quite different origin in the two cases, the 
first as a second order of the side to side spacing of the 
cores, and the second as the distance of contact between 
their flat faces. The first order of the side to side spacing 
at 110A is cancelled by the packing in the crystal but 
presumably corresponds to the ‘110-A_ reflection’ of 
chromatin. 


Structure of nucleosome core 


The most informative of the three projections we have 
obtained is that down the a axis (Fig. 6) because one is 
looking only through a single layer of particles with a little 
overlap at the edges. The nucleosome core is clearly a 
flat particle of dimensions 57X110X110A but seems to 
have a wedge shape consistent with its being formed of 
something less than two superhelical turns of DNA wound 
on a flat histone core. Because of its shape we call it 
a platysome. Again, as described above for the electron 
micrographs, the two halves of a platysome in the map 
are related by approximate mirrcr symmetry, consistent 
with a dyad or pseudo-dyads in the plane of projection. This 
is consistent with a model in which two turns of DNA 
(strictly parts of two turns) run along the outside of a 
histone core which may itself consist of two layers or turns. 
At the present resolution, and also because one is dealing 
with a projection, one cannot distinguish DNA and protein, 
but the map is not consistent with a structure in which the 
DNA lies in a deep groove formed by the histones. Rather, 
the DNA is fitted on to the periphery of the histone octamer 
rather like a helical tyre. The location of the DNA on 
the outside of the nucleosome was originally suggested 
by Kornberg', and it has been confirmed by low-angle 
neutron scattering in solution that the bulk of the DNA 
does lie at an outer radius™™”, 

It is not possible at the present stage to follow the 
path of the DNA in the nucleosome core but the simplest 
assumption is that it follows a more or less regular helix. 
Whatever the details, the DNA is wound in a flat super- 
helix of pitch about 28 A and average diameter about 90 A 
(Fig. 8a). The value for the pitch comes from the side 
view of a particle in the electron density man (Fig. 6). 
The pitch of the superhelix is small enough to allow 
interactions between the two turns, mediated by cations 
and/or histone salt bridges. The diameter is fixed by the 
fact that the very outside diameter of a nucleosome core 
can at most be only 5A or so greater than the shortest 
centre-to-centre distance, which is not less than about 
100A. The reason is that platysomes in neighbouring 
columns parallel to the c axis are staggered by only about 
10 A (Fig. 6) so there is not much interlocking which would 
have led to a larger diameter for the DNA. Assuming 
a diameter for the DNA of 22A the diameter for the 
DNA coil is about 90 A, and if the DNA is assumed to 
be in the B form, we estimate there are 75-82 bases 
per superhelical turn. 

Little can be concluded about the arrangement of his- 
tones. The dimensions of the histone core, deduced by 
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Fig. 8 a Diagram, drawn roughly to scale, of the 1} turns of the DNA superhelix proposed for the 140-base-pair nucleosome core. The top 

set of numbers gives the distances in bases of the DNase I cutting sites from the 5’ end of one strand, and the bottom set refers to the other 

strand, related to the first by the dyad shown. For definiteness, the number of bases per turn is shown as 80, but the exact number is not 

established. b, The 1} turns of one strand of the DNA superhelix represented as a spiral to show how the supercoiling brings sites 80 bases 

apart close together and groups the sites of low or medium cutting frequency by DNase I into the two diametrically opposite areas A and B, 

shown shaded. The arrow indicates the dyad. The numbers give the distance in bases from the 5S’ end. %&, High frequency DNase I cutting. 
@, Low (or micrococcal pauses). O, Medium. 


‘subtracting’ the DNA, show the octamer to be a compact 
particle, of packing volume similar to that found for 
other globular protein aggregates such as haemoglobin. 
It is, however, not possible to tell whether the histone 
molecules form a shallow helical ramp of two turns or 
whether there are simply two layers which are distorted 
or have projections on them to provide such a helical 
ramp. There is a striking similarity between some of the 
dimensions which occur in the columns of nucleosomes 
found in the crystals and the spacings observed in optical 
diffraction patterns of electron micrographs of certain 
histone fibres assembled without DNA”. In the columns 
in the crystal the histone cores of adjacent platysomes 
must be in contact and the packing may be similar to 
that in the histone fibres. If this is so, the 28-A group 
of reflections in the crystal (compare Fig. 5a) would have 
a contribution from the histone cores, which would thus 
also tend to be divided into two. 


Relation to enzyme digestion studies 


We now turn to the question of the organisation of the 
DNA in the nucleosome core, and show how our structural 
results can be correlated with the results of enzyme 
digestion studies. The action of DNase I on chromatin 
or nucleosome cores is to produce a set of DNA fragments 
differing in size by 10 bases'’, and this was interpreted as 
reflecting the fact that the enzyme either cuts at points 
on smoothly bent DNA which are ‘maximally exposed’ 
(that is, lie furthest from the centre of the particle) or at 
‘kinks’ in the DNA where the structure is distorted. 
Whatever the explanation, the important fact is that 
periodicity along the DNA helix is 10 bases or very close 
to 10. It is clear, however, that the cuts are not equally 
frequent every 10 bases and the assumption is that fre- 
quency of cutting reflects differential protection of different 
tracts of the DNA by the histone interactions. Several 
studies have been made of the frequency distribution by 
radioactively labelling an end of the DNA in the 140 
base-pair core, then digesting with DNase I, and then 
analysing the distribution of end-label amongst the single- 
stranded fragments produced (refs 22 and 23, and M. Noll 
in preparation). Numbering in bases from the 5’ end, it 
is found that the sites at 10, 20, 40, 50, 90, 100, 120 and 
130 are readily attacked, so that cuts tend to occur at 
30-40 or 80-90 bases apart. There are quantitative 
differences in the results of the different investigators but 
the local rank order among the cuts is the same. 


Now as stated earlier the diameter of the DNA coil is 
best fitted by about 80 bases per turn, so that points on 
the DNA double helix 80 bases apart are closest together 
on the superhelix, only about 30 A apart, and can 
therefore be protected, or otherwise, by neighbouring 
patches of histones (Fig. 85). The positions of the most 
frequent cuts are consistent with this, but would not in 
themselves rule out a periodicity of 90 bases. The decision 
in favour of 80 is, however, unambiguously made by 
considering the least frequently cut sites, which are at 
positions 30 and 110 and are flanked on both sides by 
sites of high frequency cutting. This reasoning can be 
extended to include the results of micrococcal digestion 
studies, which show a ‘pause’ at the 160 base-pair stage 
before the more stable 140 base pair particle is produced. 
If the 160-base-pair particle corresponded to a structure 
with two complete turns, (which can be recreated by 
extending the DNA of Fig. 8 from the points 0 and 140 
to —10 and 150), then the sites at 0 and 140 reflect places 
of relatively high protection of the DNA. These two 
positions can be correlated with the weak DNase I cuts 
at 80 and 60 respectively, which are 80 bases away. Such 
a 160 base pair particle would have its two ends ‘in line’ 
with each other and with the midpoint of the DNA. 
Through the midpoint would pass the putative dyad of 
the structure. The other end of the dyad would pass 
between the turns of the DNA, that is, between sites 30 
and 110 (Fig. 8a). 

The DNase I cutting pattern is consistent with the 
assumption that the nucleosome core possesses a dyad 
and the matter is discussed in detail elsewhere”. If there 
is a dyad as shown in Fig. 8a, then if a cut occurs on 
one strand, it is equally likely that a cut occurs at the 
equivalent position on the other strand, that is at the 
same distance from the 5’ end. But since what is measured 
is the average of the frequency of cutting on the two 
strands, it is not possible to tell whether the cutting is 
equally apportioned between the two. Crick has pointed 
out that the strongest evidence for a dyad comes from 
the fact that there are weak (or zero) cuts, as here cuts 
at equivalent positions on both strands must be both 
zero or small and hence equal. Apart from the histone 
composition there are other biochemical results suggesting 
the presence of a dyad. It has been shown” that DNase II 
can cut down the DNA of a 200-base-pair nucleosome into 
two equal halves without disrupting the particle physically 
and there is electron microscopic evidence that in 
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appropriate conditions a nucleosome can open up into 
two separate half-nucleosomes”. 


Supercoiling of the DNA 


If DNA is closed into a circle after interaction with 
histones in the presence of a ‘DNA relaxing’ enzyme, the 
DNA is seen to supercoil when the histones are removed”. 
Several workers have estimated that the ‘number of 
supercoils’ is between —1 and —14 per nucleosome”: 
(the minus sign indicates left-handed supercoiling). It was 
pointed out by Crick” that what these experiments 
measure is the change in linkage number (here the 
number of times one strand of the DNA double helix 
is wound around the other strand) caused by forming 
nucleosomes, It is not possible by the techniques used to 
distinguish between the separate contributions made to 
the change in linkage number by the coiling of the DNA 
into a superhelix and by any concomitant change in the 
local twist of the DNA double helix. Only the sum is 
conserved. The change in linkage number is the same as 
the number of superhelical turns only if the screw of the 
DNA double helix does not change in the local coordinate 
frame defined by the superhelix path. 

Our results on the crystals show that as the maximum 
DNA radius in the core particle is about 45 A, the 140 
base pairs of DNA must make more than —14 turns of 
superhelix. In fact we propose 1} superhelical turns 
corresponding to 80 base pairs per turn. The only way to 
reconcile these results with the linkage number change of 
14 is to conclude that the helical screw of the DNA 
double helix does indeed change on binding DNA free in 
solution on to the nucleosome. It would be possible to 
calculate this change in screw if we knew to what length 
of DNA the observed linkage number change applied. If 
the full 200 base pairs of DNA in the chromatin repeat 
are wound superhelically in the nucleosome giving —2} 
turns, the average screw rotation angle between bases 
must decrease by (—14$+24)/200360 degrees = 2.3 
degrees. If only 140 base pairs of DNA are wound super- 
helically and the remaining 60 base pairs are straight as 
in solution, the decrease in screw angle is (—14+13)/ 
140 x 360 degrees = 1.3 degrees. Now the DNase I cutting 
pattern strongly suggests that the number of base pairs 
per turn of DNA double helix on the nucleosome is close 
to 10 (36° base rotation). If so, the number of base pairs 
of DNA free in solution must be either 10.7 or 10.4, 
for these two models respectively (33.75° or 34.7° base 
rotation). 

Now while it is commonly accepted that DNA has 10 
base pairs per turn, this value comes from X-ray 
diffraction work on fibre patterns where the DNA is in 
a rather dry state and the crystal packing tends to produce 
an integral number of base pairs per turn. There is no 
reason to believe that this number must apply exactly to 
free DNA in solutjon and indeed it has been suggested?’ 
that the screw of the DNA in solution was closer to 11 
base pairs per turn. The arguments are based on rather 
limited evidence from the position of the 12-A peak, an 
experimental result which has been confirmed”, but which 
could have other explanations. 

Energy calculations (M. L., in preparation) on double 
helical DNA show that DNA can be smoothly bent into 
a superhelix of radius 45 A. The superhelical structure 
has a local geometry very like that of straight DNA and 
an energy only slightly higher than that of the straight 
structure. Furthermore, the straight DNA has the lowest 
energy with 10.7 base pairs per turn, whereas the super- 
helical DNA has the lowest energy with 10.0 base pairs 
per turn. The base pairs overlap less in the superhelically 
bent form to enable the base pairs to twist and tilt to accom- 
modate the bending strain. These calculated values for 
the screw of straight and bent DNA are in good agreement 
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with the values deduced above from the combination of 
the results of quite different types of observation. 


General features of the DNA folding 


The calculations mentioned above show that it is not 
necessary, on merely energetic grounds, to postulate that 
the folding of the DNA on to the nucleosome requires 
sharp kinks™* at periodic intervals. Indeed, one can see 
post hoc the advantages of the nucleosome structure 
proposed here for folding a long, stiff molecule like DNA. 
It has been known for some time that DNA in solution 
behaves like a stiff rod (with a persistence length of 
625 A; ref. 34) but the energy calculations show that 
DNA can bend smoothly down to a radius of curvature 
of about 40 A without undue strain (<3 kcal per 10 base 
pairs). Because the strain energy on bending increases as 
the inverse square of the radius of curvature, the supere 
helix should have as large a diameter as possible. One 
may ask then why the 140 base pairs are not merely 
bent into a single turn, apart from any extended protein 
arrangement this might require. The advantage of having 
more than one turn of superhelix for the DNA is that 
this makes it possible to have stabilising interactions 
between DNA in adjacent turns. The most obvious source 
of stabilisation would come from bridging negatively 
charged phosphate groups on the DNA by means of 
cations or positively charged histone side chains. The 
strength of this lateral interaction will depend on. the 
length over which the two turns interact, the separation 
of adjacent turns, and the relative positions of the 
phosphate backbone in each turn. In the structure pro- 
posed here there are about two superhelical turns per 
nucleosome, which gives a full turn for lateral inter- 
actions, but still keeps the radius of curvature large. 
These turns are separated by about 28 A, an ideal distance 
for repeated interactions between phosphate groups of 
double helices that are in phase. When the number of 
base pairs per turn of the double helix is integral (10 
here) then the same stabilising interactions between adjacent 
superhelix turns can occur repeatedly along the chain. 


How do H3 and H4 alone ‘organise’ the DNA? 


There is a growing body of evidence*’*™ that the DNA 
can be folded into a body with many of the features of 
the nucleosome core by the arginine-rich histones H3 and 
H4 without the intervention of the other two histones. 
Indeed, it was part of Kornberg’s original reasoning that 
the arginine-rich tetramer formed the basis of the 
nucleosome, and that the lysine-rich histones completed 
the structure. The first evidence was provided by Felsenfeld 
and his colleagues as judged by the protection provided 
against micrococcal and other nucleases*** and more 
recently it has been demonstrated by Chambon and his 
colleagues* that distinct subnucleosomal particles of 
diameter about 80 A can be formed by reconstitution with 
only the histones H3 and H4 and that these particles 
contain about 130 base pairs which have about the same 
amount of supercoiling as a complete nucleosome core 
containing all four histones. It also seems likely that it 
is only a single tetramer which is involved rather than a 
pair of tetramers simulating an octamer (P. Chambon, 
private communication; see also ref. 37). 

The simplest explanation” for this sub-nucleosomal 
particle is that the 140 base pairs of DNA condense 
around a central core or kernel formed by the H3-H4 
tetramer, but other more open structures are possible 
which take into account the stiffness of the DNA and 
which moreover can be regarded as incomplete nucleo- 
some cores leading to the basic structure described here. 

This may be accomplished in two ways. The first is 
that the H3-H4 tetramer is asymmetrically located in the 
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nucleosome, say in the region marked A in Fig. 8, and 
that this tetramer clamps together two turns near the 
positions marked 0, 70 and 140; this would be sufficient 
to impose the supercoiling. A single tetramer would not, 
however, give protection against nucleases to the DNA 
in the region B and moreover it is difficult to see how 
the appropriate length of the DNA would be determined. 
A second, attractive explanation attaches significance to 
the fact that the two main regions of protection of DNA 
by the histones lie diametrically opposite each other (A 
and B in Fig. 84). The H3-H4 tetramer could span the 
diameter of the nucleosome core to act as a spool around 
which two turns of DNA could be wound. Reconstitution 
with the tetramer would then resemble wrapping a 
garden hose around one’s forearm. This would have the 
advantage of additional protective interactions and at the 
same time measuring out the appropriate length of DNA. 
412A and H2B would then complete the nucleosome. 

There is an interesting parallel between the packing of 
DNA in eukaryotic chromosomes and in the nucleoid of 
Escherichia coli, In both cases there seems to be about 
one ‘supercoil’ (or rather change in linkage number) per 
200 base pairs™“. The folding of the DNA in E. coli 
seems to be produced by a small basic protein“, which 
moreover is apparently a dimer (Rouviére-Yaniv, personal 
communication). One could imagine that the dimer 
clamps together two superhelical turns at one point as 
described above. As eukaryotes developed, further basic 
proteins may have been introduced to produce a more 
regular, better protected particle-—the nucleosome— 
capable of being organised into higher order structures. 

We thank Dr F. H. C. Crick for valuable discussions, 
Mr R. Staden for measuring the X-ray intensities and 
Dr A. Jack for computing the Patterson function. L.C.L. 
was supported by a US NIH postdoctoral fellowship. 





Nature Vol. 269 1 September 1977 


Received 27 June; accepted 29 July 1977. 


1 Kornberg, R. D. Science 184, 868-871 (1974), 
2 He D. R. & Burgoyne, L. A. Biochem. biophys. Res. Commun. 52, 504-510 
{ a 
3 Noll, M, Nature 251, 249-251 (1974). 
4 Kornberg, R. D. A. Rev, Biochem. 46, (in the press), 
5 Soliner-Webb, B. & Felsenfeld, G. Biochemistry 14, 2915-2920 ( 1975). 
© Axel, R, Biochemistry 14, 2921-2925 (1975), 
7 Bakayes, V. V., Meinickov, A. A., Osicka, V. D. & Varshavsky, A. J. Nucleic 
Acids Res. 2, 1401-1419 (1975). 
8 Shaw, B.. Herman, F., Kovacic, R., Beaudreau, G. & Van Holde, K. Proc. 
natn. Acad. Sci, U.S.A. 73, 505-509 (1976). 
9 Noll, M. & Kornberg, R. D.J. molec. Biol, 199, 393-404 (1977). 
10 Crowther, R. A. & Klug, A. A, Rev. Biochem. 44, 161-182 (1975). 
11 Noll, M., Thomas, J. O., & Kornberg, R. D. Science 187, 1203-1206 (1975). 
12 Noll, M., Nucleic Acids Res, 1, 1873-1578 (1974). 
13 Brown, R. S. eral. Eur. J. Biochem. 31, 130-134 (1972). 
14 Ladon d. E., Finch, J. T., Klug, A. & Clark, B. F. C. J. molec. Biol. 72, 99-1014 
15 Finch, J. T. & Klug, A. Cold Spring Harb. Symp. quant. Biol. 42, Un the press). 
ie tangmore; J. P. & Wooley, J. C, Proc, natn. Acad. Sci. U.S.A. 12, 2691-2695 
(1975). 
17 Langmore, J. P. thesis, Univ. Chicago (1975). 
18 Richards, B., Pardon, J., Lilley, D., Cotter, R. & Wooley, J. Cell Biology, Int. 
Rep. 4, 107-116 (1977). 
19 Hjelm, R. P., Kneale, G. G., Suau, P., Baldwin, J. P. & Bradbury, E. M. Cell 10, 
139--4151 (1977). 
28 Pardon, J. F. er al. Nucleic Acids Res, 2, 2163-2176 (1975). 
2! Sperling, R. & Amos, L. A. Proc. natn. Acad. Sci. U.S.A. (in the press). 
22 Lutter, L. C. Cold Spring Harb. Symp. quant. Biol, 42, (in the press), 
23 Simpson, R. T. & Whitlock, J. P., Jr Cell 9, 347-353 (1976). 
24 Ahenburger, W., Hérz, W. & Zachau, H, G. Nature 264, 517-522 (1976). 
25 Oudet, P., Germond, J. E., Bellard, M., Spadafora, C. & Chambon, P, Phil. 
Trans. R. Soc. B (in the press). 
26 Germond, J. E., Hirt, B. Oudet, P., Gross-Bellard, M. & Chambon, P. Proc. 
nain. Acad. Sci. U.S.A, 72, 1843-1847 (1975). 
27 Keller, W. & Wendel, L Cold Spring Harb. Symp. quant. Biol. 39, 198-208 (1974). 
28 Keller, W. Proc. natn. Acad, Sci, U.S.A. 72, 4876-4880 (1975). 
2% Crick, F. H. C. Proc. natn. Acad. Sci. U.S.A. 73, 2639-2643 (1976), 
30 Bram, S.J. molec. Biol, §8, 277—288 (1971). 
31 Maniatis, T., Venable, J. H.. Jr & Lerman, L. S. J. molec. Biol. 84, 37-64 (1974). 
32 Crick, F. H. C. & Klug, A. Nature 255, 530-533 (1975). 
33 Sobell, H. M., Tsai, C. C., Gilbert, S. G., Jain, S. C. & Sakore, T. D. Proc. natn. 
Acad. Sci. U.S.A. 73, 3068-3072 (1976). 
34 Hays, J. B., Magar, M. E. & Zimm, B. H. Biopolymers 8, 531-536 (1969). 
35 Camerini-Otero, R. D., Soliner-Webb, B. & Felsenfeld, G. Cell 8, 333-347 (1976). 
36 Sollner-Webb, B., Camerini-Otero, R. D. & Felsenfeld, G. Cell 9, 179-193 (1976). 
37 Camerini-Otero, R. D. & Felsenfeld, G. Nucleic Acids Res. 4, 1159-1181 (1977). 
38 Boseley, P. G.. Bradbury, E. M., Butler-Browne, G. S., Carpenter, B. G. & 
Stephens, R. M. Eur. J. Biochem. 62, 21-31 (1976). 
39 Worcel, A. & Burgi, E. J. molec. Biot. 71, 127-147 (1972). 
49 Benyajati, C. & Worcel, A. Cell 9, 393-407 (1976), 
4l Rouviére-Yaniv, J. & Gros, F. Proc. natn. Acad. Sci, U.S.A. 72, 3428-3432 
(1975). 
42 Thomas, J, O. & Kornberg, R. D. Proc. natn. Acad. Sci. U.S.A. 72, 2626-2630 
(1975). 








Immunological selection of tumour cells which 


have lost SV40 antigen expression 
P. T. Mora, C. Chang, L. Couvillion, J. M. Kuster & V. W. McFarland 


Macromolecular Biology Section, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20014 





In an already tumorigenic spontaneously transformed 
mouse cell, after further transformation by SV40, the 
virus-specific antigenic function becomes dominant, By 
transplantation into syngeneic mice SV40 antigen 
negative revertant tumour cells can be selected out. 





THE nature and function of early proteins of oncogenic 
viruses are receiving considerable attention. For simian 
virus 40 (SV40) the early protein, coded by about half 
of the SV40 genome, has dual functions. One is apparently 
as a regulator protein with a crucial role in the induction 
of cell division, the initiation of viral DNA replication 
and in cell ‘transformation’. The second is antigenic. In 
the transformed cells these two type of functions, para- 
doxically, may oppose each other in vivo. The transplanta- 
tion antigen can be the cause of immunological recognition 
and rejection. 

SV40 (virus), or cells transformed by SV40 in tissue 
culture are tumorigenic only in the newborn hamster 
and Mastomys. (Rattus (Mastomys) natalensis is an African 
rodent intermediate in size between the rat and the mouse.) 
Neither SV40 nor the cells transformed in culture by SV40 
are as a rule tumorigenic in the mouse’ or in the rat’, 


or as far as it is known in any other species including the 
natural host of the virus the simian monkey. Tumours 
have been obtained in the mouse from SV40 transformed 
non producer cells, but only after considerable time and 
a number of tissue culture transfers (t.c.t. >50) followed 
the SV40 transformation step, and when relatively large 
number of cells (about 10°) were injected**. Even then, 
most of the tumours were transitory, and were eventually 
rejected by the mice". If the immunological competence 
of the mouse is weak, like in the newborn, or is impaired 
(by, for example, irradiation, anti-lymphocyte serum, or 
neonatal thymectomy) SV40 T antigen-positive tumours 
may be produced more readily than in the immunologically 
competent syngeneic mouse“, Such tumours then become 
retransplantable in the immunologically competent mouse. 
In the AL/N mouse strain an SV40 transformed cell 
line SV AL/N, even after very large number (~275) of 
t.c.t. and at 10° cell dose is rejected by the immunologically 
competent adult mice*. The recognition and rejection is 
due to SV40 specific surface and transplantation anti- 
gens’. In irradiated mice tumours can be caused by 
injecting 10° SV AL/N cells. The tumour cells re-established 
in culture retain SV40-specific nuclear (T) and cell surface 
antigens", and have increased tumorigenicity: 10*-10° cells 
induce tumour in the immunologically competent mouse’. 
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Fig. 1 Cell genealogy and cloning. The box indicates the Sv40- 
positive cell lines. Above the horizontal lines are the mass cell 
lines. For cloning the T AL/N cells at t.c.t. 68 were well dispersed 
by trypsinisation, and 0.2 ml diluted aliquots in growth medium 
(reinforced Eagles with doubled amino acid and vitamins, with 
added antibiotics and 10% foetal calf serum) containing on the 
averages 0.4 cells were put into each of the 96 wells of a Falcon 
microtests plate. Each well was surveyed daily, and clones were 
picked only from wells in which there was only one cell at the 
onset, and the cell growth was from one focus. A single clonal 
line T AL/N C1 3 was selected. For infection 2.5 x 10° T AL/N 
clone 3 cells were exposed in 1 ml Eagles medium for 1 h at 37 °C 
in a shaking water bath to 9 x 10’ plaque forming units (PFU) 
$V40, small plaque forming strain 776. This ratio of PFU per cell 
(360) was chosen to obtain 30%-50% T antigen positive cells at 
2 d after infection. The cells were then placed in growth medium 
in a 10-cm Falcon Petri dish and cultivated as before’*. After 
t.c.t. at 5 d into two dishes and a total of 10 d growth, there were 
-~10’ cells, of which 30 %-40% were T-antigen positive (T antigen 
tests by nuclear fluorescene were carried out as previously® on 
separate aliquots). At this time the cells were recloned using the 
method described above. Five subclones, each clearly grown up 
from one cell, were obtained. Substantially all (> 95 %) of the cells 
of the subclones designated 1 and 2 were strongly T antigen 
positive when tested repeatedly up to > 200 t.c.t., while all of the 
cells of the subclones 5, 6, 8 were T antigen negative. Arrows with 
broken line indicate the origin of the T-antigen negative (revertant) 
tumour cell lines. 


From the same AL/N cell line from which the SV AL/N 
cells were obtained, a highly tumorigenic spontaneously 
transformed T AL/N cell appeared during tissue culture. 
After 40 t.c.t. 10? T AL/N cells gave progressively growing 
and lethal fibrosarcomas when injected intramuscularly or 
subcutaneously into the adult immunologically competent 
syngeneic mouse” ®™”, 

What would happen to the tumorigenicity of the T AL/N 
cells if they were infected and transformed also by SV40? 
The SV40 induced cell surface and transplantation antigens 
were expected to facilitate rejection in the syngeneic mouse, 
opposing the tumorigenicity of the T AL/N cells. This 
“system allowed us to embark on a novel study on the 
balance between strong cellular tumorigenicity and a 
superimposed strong and well characterisable (SV40 
specific) antigenic property. 

Transformation by SV40 is an inefficient process, since 
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only a minor fraction of the infected cells have stable 
insertion and thus expression of SV40 DNA. The SV40 
may infect and transform cells selectively which have 
greater, or lower tumorigenicity. To avoid such selection 
we first cloned the T AL/N cells. The resulting cells, 
T AL/N clone 3 had retained the high tumorigenicity. 
After infection by SV40 of the T AL/N clone 3 cells, 
both T antigen-positive and negative subclones were 
obtained and characterised (see Fig. 1). The SV40 T 
antigen positive subclones were about 100-fold less tumori- 
genic than the T antigen-negative sister subclones or the 
parent T AL/N clone 3 cells. When the tumours from 
the T antigen positive subclones were re-established in 
culture, we found that SV40 T, surface and transplantation 
antigen negative (revertant) tumour cells resulted. 

We describe here the conditions when such in vivo 
selection reproducibly occurs, prove that the revertant. 
tumour cells are true progenies of an SV40 transformed 
cell, and also describe some of the phenotypic properties 
of the various cells. We also show that the ability of cells 
to grow without anchorage in a viscous medium is not 
a general correlate of tumorigenicity in the syngeneic 
mouse. 


AL/N mouse cell clones 


The genealogy and certain properties of the cell lines 
are summarised in Fig. 1 and Table 1. The AL/N mouse 


Fig. 2 Presence of $V40-specific surface antigen in the T antigen- “ee 
positive cells. % Chromium release represents residual cytotoxi- 
city of an antiserum prepared in the syngeneic mouse against 


SV AL/N cells after the absorption by the different cells. @, : 


Control (no cells were used for absorption); A, absorption by 
T AL/N clone 3 cells; (J, absorption by the T antigen-negative 
subclone 5 cells; ©, absorption by the T antigen-positive subclone 
1 cells. Similarly, there was no significant absorption by the cells 
of the T antigen negative subclone 6, but almost complete absorp- 
tion of the cytotoxicity by cells of the T antigen-positive subclone 
2 (data not shown), For absorption 10° cells were plated into 
60-mm Falcon plastic tissue culture Petri dishes. After 24 h 
growth the near confluent cell layer (~ 2 x 10° cells) was washed 
twice with the growth medium, and 400-pl aliquots of antisera 
(diluted 1:200 with growth medium) were incubated (30. min, 
37°C) sequentially with three such dishes containing 210° 
cells. The absorbed antisera were centrifuged at 500g for S-min, 
and further dilutions were tested for residual cytotoxicity on SV. 
AL/N target-cells, by a method described before™**. 
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Table 1 Summary of the biological properties of the cell lines 








Tumorigenicity Tissue culture growth property 





PR Time to Saturation} Colony formation in viscous 
i SV40 {Cells per deatht density Methocell suspension{t 
Cell line T antigen mouse) (weeks) (cells cm~? x 105) (%) 
T AL/N mass line — < 10? 9 5.5 2 
T AL/N clone 3 — 107 14 3.0 0.007 
SV40 infected 
Subcione 1 + 103-8 13 1.0§ 20 
2 + 10°" 14 0.6§ 10 
5 — 10:5 17 2.4 <0.0001 
6 — <10 21 3.5 0.06 
8 — 1075 16 3.1 0.03 
SV AL/N mass line + > 108 — 5.3 10 


nent nnn nents 


*Tumorigenicity was tested by intramuscular (i.m.) injection of cells at least in three dilutions each differing 10-fold, into groups of 6-8- 
week-old AL/N mice, 10 mice in each group. TDs is the cell dose which caused in 50% of the animals large (min. 1cm Ø), and eventually 
* lethal, tumours. It was calculated as follows: TD = 10°**; where d is the (log,,) number of cells which caused tumour in just below 50°% of 
the mice, and x = (a—-50)/(a—6) where a is the % of mice with tumours within that group of 10 mice which had nearest to but above 50% 
tumours, and where b is the % nearest to but below 50%. The TDse values were reproducible within +0.5 logig at 10° cell dose, and +0.2 


log,, at 10* cell dose. 


{Time when substantially all the animals, injected (i.m.) with a cell dose rounded up to the nearest integer of the exponential of TD,o, die off 


due to progressive tumour growth. There were no regressing tumours. 


{Determined in the presence of 10% foetal calf serum®. 


§Cells after reaching confluency tend to detach from the substratum. 


embryo cell line—parent line to all AL/N cells reported 
here—at t.c.t. 28 had a median tumour cell dose, TDs) of 
10*-10° (ref. 12); and at t.c.t. 40, TDs <10° (ref. 8). 
This T AL/N cell was characterised again at 65 t.c.t. 
(Table 1), and cloned as described in the legend to Fig. 1. 

The SV AL/N cells were rejected. The spontaneously 

transformed T AL/N cells and the derivative T AL/N C1 3 

_ cells were strongly tumorigenic (TDs ~10’), as were the 
SV40 T antigen-negative subclones 5, 6, and 9. But, the 
T antigen-positive subclones 1 and 2 were about 100 fold 
less tumorigenic (TD ~10‘), than the parent T AL/N Cl 3 
cells, or the sister subclones 5, 6, and 8 (Table 1). 

The SV40 T, transplantation, and cell surface antigens 
probably represent modifications of products of the same 
SV40 cistron’. The antigens co-purify'’“, and mutants 
in tsA coordinately affect expression of all three antigens” 
Experiment 1 in Table 2 suggests the presence of SV40 
specific transplantation antigen(s) in whole subclone 1 and 
2 cells; this then may be the cause of the reduced tumori- 
genicity of these cells. Experiments 2 and 3 in Table 2 
demonstrate the presence of SV40-specific transplantation 
antigens in extracts of subclone 1 cells, but the absence 
in extracts of the T antigen-negative cells, such as sub- 
clone 5, T AL/N clone 3 cells, and a tumour cell line 
(number 124) obtained from subclone 1 cells (see below). 
Similarly, SV40-specific surface antigen was shown to be 
present in the T antigen-positive cells, but not in the 
corresponding T antigen-negative cells, when tested by an 
SV40-specific serum mediated cytotoxicity microassay 
(Fig. 2). 

Cells of both of the SV40 antigen-positive subclones 1 
and 2 carry in a rescuable form’ the SV40 virus used for 
the transformation: by co-cultivation with permissive (CV-1 
monkey) cells and fusion with ultraviolet light-inactivated 
Sendai virus, from the heterokaryons formed, infectious 
SV40 small plaque-forming virus was recovered: 7x 10° 
plaque-forming units (PFU) per ml from subclone 1, 2x 10° 
PFU per mi from subclone 2. 


Tumour cell lines 

Tumours were induced repeatedly by injecting 10‘ or 10° 
cells of subclones 1 and 2, into the hind leg of syngeneic 
adult AL/N mice, and from the tumours cell lines were 
established as before*. Chronologically at first, four tumour 
cell dines were obtained: first tumour line from10‘ subclone 
1 cells at t.c.t. 17 (after the SV40 infection) designated cell 


line 113; second from 10° subclone 1 cells at t.c.t. 25; 
third from 10* subclone 2 cells at t.c.t. 21; fourth from 10° 
subclone 2 at t.c.t. 22. All four tumours were hard, 
encapsulated, and were identified histopathologically as 
fibrosarcomas, similar’ to those induced by the T AL/N 
or the T AL/N Cl 3 cells. All cells from all four tumours 
were found completely devoid of SV40 T antigen by the 
nuclear immunofluorescence test* in primary culture, or 
after additional and prolonged culturing (>30 t.c.t.). The 
SV40 T antigen-positive cells apparently were rejected 
by the immunologically competent mice, and tumours 
grow up only from SV40 T antigen-negative cells. 

Nude mice—congenitally athymic thus deficient in 
thymus-dependent immunity—would not be expected to 
reject the SV40 T, surface and transplantation antigen- 
positive cells. To test this, nude mice (random 
+/nuXnu/nu, from NIH Laboratory Animal Genetic 
Center) were injected with 2X10’ subclone 1 cells, and 
tumours were obtained within 4 weeks in most animals 
(il of 14 mice). Cells of these tumours (4 tested) were 
all positive for SV40 T antigen by both nuclear fluorescence 
and the quantitative complement fixation test, both in 


Fig. 3 Tests for SV40-specific surface antigen in various cell 
lines. The % cell lysis is the same as °&% chromium release in Fig. 2, 
and represent residual cytotoxicity against the SV AL/N tar- 
get cells, after absorption by the various cell lines. Control 
(no cells used for absorption) : —‘7—; absorption by subclone 
5 cells: ---(-.~; absorption by subclone 1 tumour cells from a 
syngeneic mouse (cell line 113): -- A-~; absorption by subclone 
I cells; —O—; absorption by subclone 1 tumour cell from a nude 
mouse: --—[_}-—. Absorption and assay conditions as in Fig. 2. 
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Table 2 Tests for SV40-specific transplantation antigens 








Immunisation Challenge Tumour P 
Cell or extract Dose Cell type Number death/inoculated 
number or mg 
Experiment 1 
Subclone 1 cell 10°( x 4) ‘M’ SV AL/N T? 104 0/10 <0.05 
103% x 4) 10° 0/10 < 0.05 
Subclone 2 cell 10° x 4) 10¢ 0/10 <0.05 
10°( x 4) 108 0/10 <0,05 
Control — 104 4/10 
> 10 5/10 
Experiment 2a ei 
Subclone 1 extract 1 mKSA-ASC 104 0/7 < 0,005 
1 10° 1/8 < 0.005: 
Subclone 5 extract 1 10* 4/7 NS 
1 10° 7/8 NS 
T AL/N Clone 3 extract 1 10* 3/7 NS ° 
1 10° 7/8 NS 
Control — 10* 9/LL 
Experiment 2b — 108 20/20 
Subclone-1 extract 1 104 0/7 <0,005 
0.2 10$ 2/7 < 0.005 
Control — 10% 10/10 i 
Subclone 1 extract 1 Meth-A 10° 5/6 NS 
0.2 108 5/7 NS 
Control — 104 7/7 
Experiment 3 
Subclone 1 tumour 124 extract 1 mKSA-ASC 10 5/5 
0.5 104 5/5 
0.25 10¢ 5/5 
Control — 104 8/8 





In experiment 1 syngeneic AL/N mice were immunised by i.m. injection x 4 weekly apart (into right hind leg) of the given number of subclone. 
1 or 2 cells. These mice were challenged 1 week after the last immunisation by SV40-positive tumorigenic cells ‘M’ SV AL/N T?, obtained and ` 
characterised previously®, by injection into their left hind leg. The number of progressively growing tumours in the left hind leg is given. In 
experiments 2a and b BALB/c mice were immunised by extracts (mg protein) of the various cells obtained with 0.5% Triton X-100 (refs 10, 16) 
The mice were challenged by an SV40-transformed BALB/c mouse kidney cell mKSA (ref. 3) which after repeated transplantation in the BALB/c 
mice? was established in ascites form: mKSA-ASC"’; it was shown before that cells in both forms contain SV40-specific transplantation 
antigen®'!”, For specificity control the challenge was by a chemically transformed Meth A BALB/c mouse embryo cell. Tumour deaths occurred 
by ascites or by fibrosarcoma at the site of challenge after about 1 month, groups were observed for 3 months, Experiment 3 shows the absence 






of SV40-specific transplantation antigen in the extract of tumour cells 124 (see text); these experiments were done similar to, and simultaneously 
with experiment 2. Control mice were injected with TBS. P values were calculated as before’; NS, not significant. 


primary culture and also after various numbers (~10) of 
tissue culture transfers. 

When tested for SV40-specific surface antigen, all 
tumour cell lines obtained from the syngeneic animals were 
devoid, but the tumour cells from the nude mice possessed 
this surface antigen. Examples, with controls, are given 
in Fig. 3; clearly, subclone 1 tumour cells (compare line 
113) do not possess SV40-specific surface antigen. The 
subclone 1 tumour cell lines (for example 124, see below) 
were devoid of SvV40-specific transplantation antigen 
(Table 2, experiment 3). 

There are two possibilities to explain the in vivo selection 
of SV40 antigen negative tumour cells. The first possibility 
is that a T antigen-positive subclone, say subclone 1, is 
not a true subclone, but is consistently contaminated with 
a low number of- (about 10°’) of untransformed T AL/N 
clone 3 cells (which cannot be detected even by the T 
antigen nuclear staining) and which can grow out as 
tumours; while the majority of the cells which are the 
SV40-specific T, surface- and transplantation antigen- 
positive cells are all rejected by the immunocompetent 
mouse. The second possibility is that subclone 1 was indeed 
a good clone, free of T AL/N clone 3 cells, but a certain 
small (~1-0.19%) fraction or number of subclone 1 cells 
loses (the ability to express) SV40 antigens, and these 
revertant cells are then selected out to grow as tumours, 
while the SV40 T, surface, and transplantation antigen- 
positive cells, which are in great (about 10°—10°) excess, are 
all rejected. 

Recloning of subclone 1 cells gave only T antigen-positive 
cells (six reclones tested). Co-cultivation experiments of 
known number of subclone 1 and T AL/N clone 3 cells 


‘(see Table 3, tumour cell lines 127 and 128), as did 10° 


indicated no preferential growth of subclone 1 cells (data 
not shown). Both of these made it unlikely that subclone 1 
had originated from the two type of cells. It took, however, 
a fortunate finding of characteristic marker chromosome — | 
translocation to virtually eliminate the first possibility. . 
When chromosomes were banded from subclone T-cells _ 
and from the derivative tumour. cells 113, three common... 
marker chromosomes, number 1, 2 and 3 in Fig. 4, were 
found clearly in each metaphase of these two cell lines. 
Metaphases were chosen at random and 17 metaphases 
from subclone 1, and 14 metaphases in the resulting — 
tumour cells 113 were compared. However, when banding = _ 
the T.AL/N clone 3 cells (at tct. 21, chromosome _ 
modality 38), in 20 randomly chosen metaphases none was 
found to possess the easily indentifiable chromosomal 
marker 1, but clearly all were found to possess the easily | 
identifiable chromosomal markers (classified as Robert- 
sonian translocations) proving that the subclone 1 cells but 
not the T AL/N clone 3 cells are the direct parents.of 
the tumour cells. / ; 

Being assured that subclone 1 is indeed a true clone, 
we used the subclone 1 cells to check the reproducibility 
of selecting SV40 antigen negative tumour cell lines by. 
in vivo passage through the immunologically competent 
syngeneic mouse. At t.c.t. 12, 10* subclone 1 cells repeatedly 
induced T and surface antigen negative tumour cell lines 









subclone 1 cells (cell line 124). Six cloned lines were 
obtained from tumour cell line 124, these were designated 
as cell lines 129-134, and all were found to be T antigen’ 
negative. The tumorigenicity of tumour cells 124 was 
high (TDs. = 10°), similar to other T antigen negative cells; 
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however, its clonal derivatives 129-134 had various TDso 
values between 10° and >10‘, indicating that cloning may 
select for differences in tumorigenicity. These and other 
phenotypic data are summarised in Table 3. 

Thus, the true clonal subclone 1 cells give reproducibly 
SV40 antigen negative tumours when passed through the 
immunologically competent mice. These tumours can be 
obtained after injection of as few as 10‘ or 10° cells. The 
tumour cells can possess high tumorigenicity (TDs ~ 10°) 
and the resulting fibrosarcomas never recess: the tumour 
cells in this respect are similar to the T AL/N Cl 3 parent 
cells or to the T antigen-negative sister subclones. 
Apparently subclone | cells are prone to revert or segregate 
at a high frequency to a stably SV40 antigen negative cell 
line. Current studies by DNA reassociation kinetics indicate 
that subclone 1 cells contain approximately 1 genome 
equivalent of SV40 DNA, while the tumour lines or tumour 
clones tested contain about 0.5 copies per diploid com- 
plement of DNA which seem to be depleted in some of the 
early half of the SV40 genome, and which are not 
transcribed to RNA. These observations (J.M.K., P.T.M., 
M. Brown and G. Khoury, in the press) are consistent 
with the biological and chromosome findings. 

The tumorigenicity in the syngeneic host of the cell 
lines investigated does not correlate with anchorage- 
dependent growth in viscous medium. There were highly 
tumorigenic cells with negligible or no observable growth in 


Fig. 4 Marker chromosomes. Partial karyotypes of four 
subclone | cells (banded at t.c.t. 22) and four resulting tumour 
cell 113 metaphases (banded after 12 t.c.t. following the re- 
establishment) are compared pairwise in rows a, b, c, d. The three 
marker chromosomes present in these cells are arranged columns 
1, 2 and 3. Chromosome(s) from the subclone 1 cells appear in 
left side of the columns. Chromosome(s) from the resulting 
tumour cells 113 appear in right side of column. Slides were 
stained with quinacrine-mustard for Q banding", and 
photographed with a Zeiss photomicroscope III equipped for 
epi-fluorescent microscopy. After photomicrographic enlarge- 
ments of the chromosomes, karyotypes were numbered and 
arranged according to size**. The subclone 1 cells were essential 
sub-diploid (chromosome modality 36) at t.c.t. 16, but some cells 
became polyploid when banded (t.c.t. 22) which explains why 
some of the marker chromosomes are present more than once. 
Tumour cells 113 were essentially sub-diploid (chromosome 
modality 33) at t.c.t. 8 and 12 
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Table 3 Properties of the subclone 1 tumour cells and of clones of 


tumour line 124 


Tumorigenicity Colony formation in 


Tumour cell line (TDyo) viscous Methocell suspension 
(%) 
113 NT 10 
124 10° 0.18 
127 NT 0 
128 NT 0.01 
Clones of 124 
129 10° 0.01 
130 10? 0.28 
131 10° 0 
132 > 10" | 
133 10° 0.12 
134 > 108 0 





All tumour cells were SV40 T and surface antigen negative; all the 
clones of 124 were tested only for SV40 T antigen, they were all 
negative. The tumour line 124 was cloned by a single cell technique. 
Tumorigenicity and colony formation in viscous Methocell were 
determined as in Table 1. NT, not tested 


Methocell (see Tables 1,3). We have similar observations 
on other BALB/c and AL/N highly tumorigenic cloned 
cells (data not shown). Neither did the presence and 
functioning of the SV40 early gene correlated absolutely 
with anchorage-independent growth: the tumour cell line 
113 is SV40 antigen negative, but grows about as well in 
Methocell as the SV40 antigen-positive subclones 1 and 2. 
A recent publication appeared with partially contrasting 
claims in other less well matched cell systems”. 

The above experiments open up new kinds of genetic, 
immunochemical and biochemical studies using the strong 
in vivo antigen activity endowed to a mammalian tumour 
cell by transformation with SV40 to cause rejection. It 
also gives a novel perspective on biological consequences 
of SV40 transformation of cells, probably in the majority 
of the mammalian species. We emphasise, however, that 
the above experiments show that SV40 endows immuno- 
genicity to. and allows recognition and rejection of, only 
those tumorigenic cells which were transformed by SV40, 
and may not alter the tumour-specific transplantation 
antigen associated with the spontaneously occurring or 
otherwise induced malignant transformation. 

We thank Miss Cecily Sun for chromosomal banding, 
Drs O. J. and D. A. Miller for review of the marker 
chromosomes, and Dr L. W. Law for the ascites cell line. 

Note added in proof: The revertant tumour cells (cf. 
clone 130) can be re-transformed by SV40, and on trans- 
plantation of a T antigen-positive clone T antigen-negative 
revertant tumour cell line can be obtained again 
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letters to nature 





Upper limits for the radio pulse 
emission rate from exploding black holes 


IT has been suggested’ that the explosion of a primordial black 
hole (pbh) might produce a coherent radio pulse detectable at a 
distance of ~ 10* pe with a simple antenna. Several searches?~5 for 
radio pulses arriving from random directions in space, such as 
might be produced by supernovae*~’, have already been carried 
out using wide beam (all-sky) antennas, and the negative results 
obtained are used here to place limits on the pbh radio pulse 
emission rate per unit volume. An indication has already been 
given® of the limits which some previous radio searches impose, 
and of the influence. of antenna aperture and beamwidth on 
achievable limits. This paper presents a more general analysis of 
limit criteria, including consideration of the effects on the pulse 
timescale of the interstellar medium, and examines the factors 
which determine the optimum search strategy for pbh radio pulses. 
It is reported that the best radio limit*+ known to the author, could 
be improved by at least times 10° using existing techniques. In 
addition, examination of this existing limit* shows that it is already 
~ 80 times better (99.5% confidence level) than a limit which it has 
been suggested® might be attainable in the optical region, and is 
~ 10° times better than pbh explosion rate limits obtained from y- 
ray observations”!°, although the y-ray limits do not involve the 
generation of a coherent electromagnetic pulse. 

We assume that the pbh’s are concentrated in galactic haloes 
(radii ~ 20 kpc)’ and that the pulse energy, Ep, in J (ref. 1) is given by 


E, = 1.5 x 10789703 a) 


where v is the characteristic frequency (Hz) of emission. The value 
of the characteristic frequency is highly uncertain', and so the 
situation is considered where v is equal to the frequency of 
observation. The attainable limit, L (volume ~? time ~'), estab- 
lished by a negative search at the 99.5% confidence level is given by 


L~ 5(¥S)! (2) 


where S is the duration of the search. V, the volume of space 
observed above the threshold sensitivity, is given by 


V x (Q/3)R3 (3) 


where Q is the antenna beam solid angle and Ry is the maximum 
distance at which detection is possible. We adopt a detection 
threshold of So signal-to-noise ratio and examine the factors which 
determine Ry. For an antenna of gain g (relative to an isotropic 
radiator), and receiver bandwidth Av, the pulse energy collected 
(E) is at least 


Ec = (E4 Ry) (v/v) (gc? /4nv*) (4) 


=2 x 10407 3 38AnRG2g J (5) 


Where c is the velocity of light and Ry is in metres. (The factor of 4 
allows for the source being up to — 3 dB away from the beam axis 
(4) and for only one polarisation being observed ( 4)). 


The minimum pulse energy, Emin which the radiometer -can 
detect, is 


Emn > SANAT) (6) 


+ : 
(where k is Boltzmann’s constant, Tis the system temperature, and’ 
t is the integration ae provided that the pulse duration at the. 
integrator input, S T. The intrinsic timescale of the pulse is. 
~ lw (ref. 1), S “that fp is principally determined by the — 
radiometer response time =l /Av, by interstellar dispersion — 
broadening over the band Av, and by interstellar scattering. If Avis 
gradually increased, the signal-to-noise ratio willimprove until the 
pulse time scale is dominated by dispersion. Once this stage is.” 
reached (Av œ 10*— 10° Hz for typical dispersion measures) little 
further improvement in signal-to-noise ratio is obtainable by 
further increase in Av(see equation (9) below), unless de«dispersion 


is used. The timescale, 7, in s due to dispersion is given by 


ty = 2.8 x 1077W Ab DM Oe 


where DM is the dispersion measure in m~?. Setting ¢ = fy = Tin 
equation (6) above gives 


Emin = 4 x 1077®To7 ADM) J (8) 


where Tis in Kelvins. Equating Esa and Emin gives 


Ry ~8x 1033p 79-92 7 9-590-5¢ DM) 9-25 m (9) Si 


Av has been eliminated from thisexpression. 

In general, the system temperature, T, is a function of both sky 
noise and receiver noise. To minimise T (and DM), observations 
should be directed towards the regions of the galactic poles, where 
(for the north galactic pole (NGP)) the sky temperature, Tigu iso 
given by! 1-13 Sor 


Tay = 2 x 104727 (10) 


This gives T, sky = 80 K at 200 MHz. Above this frequency, receiver 
noise will begin to dominate the system noise, so that further 
increase in v will tend to reduce sensitivity. Therefore, for 
observations near the NGP at v = 200 MHz with a sky noise 
limited system, equation (9) becomes 


Ry = 5 x 5102'v%43g9-5(D My" o25 ai 


To estimate DM, a model is adopted'* in which the electron — 
distribution is uniformly stratified parallel to the galactic plane 





and has an exponential distribution perpendicular tothe plane 
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with a scale height of 600 pe (refs 14, 15) and a density at the plane 
of 3.3 x 104 m™?, Thus, DM is given in m`? by 


DM x~ 6x 1023(1 —exp(—Ry sind/1.8« 10'*)y/sinb (12) 


where b is the galactic latitude. If g 2 10, the antenna beam limits 
(~3dB) will be less than 30° from the NGP so that to a good 
approximation, sinb = 1. For g = 10 (a small, simple antenna) and 
Y = 200 MHz, equations (11) and (12) give Ry ~ 2.2 kpc. Putting 
the expression for Ry given by equation (11) into equation (3) gives 
as the volume of space observed 


V~7~x 1065 3° 3(DM -0.75 mê (13) 


which, for g = 10 and v = 200 MHz, is 6 x 10° pc?. Thus, obser- 
vation for one year (assuming no pulses were detected) could yield 
a 99.5% confidence limit of ~ 107° pe~? yr~!. Use of an antenna 
10 times larger in diameter (~ 15 m at 200 MHz) for the same 
observation period might improve this limit 10-fold and would 
observe to the edge of the halo. The long observation times 
required for further limit improvement may rule out the use of still 
larger antennas. An Arecibo-type antenna, however, using exist- 
ing de-dispersion facilities might just reach out to ~ 700 kpc in the 
approximate direction of the NGP, but to be worthwhile, the 
increased volume would have to contain an external galaxy. A 
more effective way of improving the limit would be to use a 
multiply-phased array. A 10 x 10 element array at 200 MHzcould 
observe to the halo edge, and still maintain a ~ l-sr solid angle, 
thereby offering a potential 1,000-fold increase in the volume of 
space observed, relative to a single element (g= 10), and so attain a 
limit of ~ 10°71? pe 7° yr7! in 1 yr observation. 

The above results for Ry and V are obtained assuming a rather 
idealised situation in which the characteristic emission frequency is 
200 MHz = observation frequency, and observations directed 
towards the NGP are carried out with a sky noise limited system 
and correctly optimised integration time. For this situation, and 
withg 2 10, Ry 2 4x scale height of the electron distribution, so 
that to a good approximation DM is independent of Ry and from 
equation (13) 


V «x g?? (14) 


Previous all-sky searches, however, included observations both 
near to and far from the NGP, and were generally not sky noise 
limited and did not have optimised integration times. The effect 
was that these searches were usually confined within the galactic 
plasma, so that DM was no longer approximately independent of 
Ry (equation (12)) and the proportionality in equation (14) was 
not necessarily valid. For any particular search 


Ry = (E,/(4nWv1))°* (15) 


where W is the search flux threshold per unit bandwidth, and the 
output pulse timescale, 4, is determined by the dispersion, 
scattering, bandwidth and integration time which the pulse 
encounters. In all previous searches, f, = fp, so that when t > lp 
fi = t, and putting the expression for Ry given by equation (15) into 
equation (3) shows that proportionality (14) is applicable in this 
case. When t S$ tp, V must be obtained, however, by solving 
equations (12) and (15) for R, and then substituting the expression 
obtained into equation (3). The result is that when t < fp, Visa 
weaker function of g than it is in equation (14) and in the extreme 
case where approximately DM x Ry (for example, when observing 
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along the galactic plane)andt < fp. Visindependent of g. Thus, itis 
important to observe well out of the galactic plane and have t = fp. 

Table 1 gives the best pbh radio pulse rate limits | know (99.5% 
confidence level) within the frequency decades 10-100 MHz, 
100 MHz~1 GHz, and I-10 GHz, and the actual frequencies at 
which they were obtained. In each case, it is assumed that the 
characteristic emission frequency equals the observation freq- 
uency. Also shown are the corresponding values of Ry for each 





Table 1 Primordial black hole radio pulse rate limits 


Frequency Rate limit Frequency 


requen Distance, Ry 
Reference range (MHz) (pe74yr~') (MHz) (pe) 
* 10-100 15x 10° 45 370 
4 100-1 ,000 5x107 270 975 
5 1,000-10,000 4x105 1,400 525 





*Unpublished observations at 45 MHz, December 1970 to March 1971, 
carried out by R. W. P. Drever and W. P. S. Meikle (Glasgow), G. A. Baird, 
T. Delaney and B. G. Lawless (Dublin), R. A. Porter and R. E. Spencer 
(Jodrell Bank). 


search. The searches at 45 MHz and 1.4 GHz had t < fp, and the 
270-MHz search had t > tp. These limits are 10*~10° times better 
than the pbh explosion rate limits achieved from y-ray studies™ °. 
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PEETS TOA AEST TE SI ARE I ERT TE EEEIEE E EESE 
Neutrino-induced 
nucleosynthesis and deuterium i 
DOMOGATSKY and Nadyozhin' have suggested that the neutrino 
flux from a collapsing stellar core might induce nuclear transfor- 
mation in the mantle and envelope of the surrounding pre- 
supernova star. They further suggest that such weak interactions 
might be responsible for producing the so called ‘p-process’ nuclei 
which are the rare heavy elements bypassed by the neutron capture 
chains responsible for synthesising most nuclei heavier than iron. 
This letter points out a weakness in their model as a mechanism for 
p-nucleosynthesis and concurrently suggests a rather novel 
method for the synthesis of deuterium that may have been 
operative during an early generation of supermassive stars 
(M ~ 10°-108M o). 

First, consider the conditions requisite for producing p-process 
nuclei from the more abundant neighbouring r- and s-process 
isotopes (see ref. 2 for an explanation of this nomenclature). 
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One might invoke the charged-current processes suggested by 
Domogatsky and Nadozhin for producing the nucleus (A,Z) 


v.t(A+l, Z-I) (AF 1. Z)" +e 
a) 
(4+1, Z)*=(A,Z)+n 


where (4 + 1, Z)* isa neutron unbound state of the nucleus having 
atomic mass A+ | and Z protons or by 


v t(Atl, 2(A4+1,Z4+))* +7 i 
(2) 
(A+1,Z+1)*>(4, Z)+P 


In addition to the charged-current processes that they suggest, one 
might also add the neutral current process 


v t(AFl, Z—1N(A +1, Z—1)*¥ +0, 
(Atl, Z—1)*(A4, Z—1)4+n 


(4, Z-1)=>(4, Ze" +0. (3) 


and others that come to mind. The cross section, however, for each 
of these processes is very small, Domogatsky and Nadyozhin 
estimate a value o,~107*! cm? as typical. According to Cam- 
eron? the relative abundance of p-nuclei to neighbouring nuclei 
produced by neutron capture is about 1%. Therefore, the pro- 
duction factor 


P = ġ,0, 2 0.01 (4) 
where 
E 
= iton (5 
b, 4r R'E, a 


R is the radius from the collapsing, neutrino-emitting core to the 
mass shell where the neutrino-induced nucleosynthesis occurs, and 
E, is the mean energy of the emitted neutrinos. An upper bound to 
the total energy emitted in neutrinos is the binding energy of a 
typical neutron star, 105° erg. Actually a smaller number, say 1057 
erg, is probably more appropriate*. Using E, = 10°? erg and 
E, = 15. MeV‘ one finds from equation (4) that R < 2x 10° cm. 
Problems arise when the conditions extant at R = 2 x 10° cmin 
a realistic pre-supernova star*-*’ are examined. For most massive 
pre-supernova stars.of interest (say M 2 15M) this region lies 
interior to the neon burning shell and probably interior to the 
oxygen burning shell and is characterised by temperatures in 
excess of 2x 10° K. At such high temperatures, all heavy seed 
nuclei will be rapidly photodisintegrated to iron-group nuclei. It 
can be estimated, using rates given by Woosley and Howard”, that 
at T = 2x 10° K all seed nuclei heavier than A = 150 will be 
destroyed by photodisintegration reactions in a time of only a few 
thousand seconds. This is considerably less than the time occupied 
by oxygen and silicon burning in the core of the star, hence seed 
nuclei with A > 150 are not present at R = 2 x 10° cm when the 
star blows up. Actually the problem is even more severe than so far 
“described. The number 0.01 used in equation (4) is applicable only 
-ifall the r- and s-process nuclei ever produced have been exposed to 
precisely the conditions described. Since in reality the fraction of 
seed nuclei so exposed has been very small the required production 
ratio must be correspondingly larger, P = 0.1, for example, ifonly 





a : 





10° has been irradiated. Thus the required exposure radius is. og 
smaller, the temperature higher, and the likelihood of seed survival 
smaller. The p-process nuclei can, on the other hand, be produced ... 
by more traditional strong and electromagnetic processes that 
occur farther out in the star as has been recently shown by Woosley 
and Howard®. oa 

Consider now another possibility for neutrino-induced 
nucleosynthesis. The reaction 


T, +p>n+e* © 


can produce a neutron flux in the hydrogen envelope surroundinga’ 
strong anti-neutrino source. It is important to note that anti- 
neutrinos are required for this process. Neutrinos, as result from 
electon capture and positron decay, for example, will not work. If 








the density of the hydrogen exceeds roughly a 
’ ‘ a E ; e 

> 1o-e( 12°.) | (ee) gem”? D 

Gay Í vy Pa 


these neutrons will be captured before decaying. Here vy is the” 
mean velocity of the neutron and ¢,,, is the radiative capture cross 
section in milibarns. It is assumed here that inelastic scattering will ©. 
reduce the neutron energy to some relatively low value (~keV) 
before capture occurs. Even though heavy elements such as °°Fe 
have substantially larger neutron capture cross sections than. 
hydrogen it is assumed that the numerical preponderance of 
nuclei will make them more likely candidates for capturing th 
neutrons produced by equation (6). Thus deuterium is formed b; 








pt+n—>?D+e* +2.22 MeV a (8) 








The viability of this mechanism for deuterium production depends 
upon (1) the existence of a sufficient anti-neutrino flux to produce 
D/H of at least 2 x 1075 (ref. 9), the currently accepted interstellar 
value, and (2) the material irradiated being coolenough so thatthe 
deuterium formed is not destroyed by-?D(p,y)*He before ejection. 
First I shall show that supernova probably cannot satisfy these 
requirements. ae 

The anti-neutrino flux from a supernova explosions thermally 
produced and is not as large as the neutrino flux which receives a>. 
big contribution from electron capture. Assume the collapsing |. 
core emits 10°? erg of 15 MeV anti-neutrinos (this would be an 
upper bound). The cross section for the process in equation (6) at. 
E,=15 MeV can be calculated’? to'be ‘roughly 2x 1074* em? 
From equations (4) and (5) the production ratio at aradius R will 
then be ms 


P = 7x 107°(10!° cm/R)? 


Since the radius of the hydrogen burning shell in a highly evolved 
massive star’ exceeds 2 x 10'°cm one cannot produce sufficient 
quantities of deuterium to account for present abundance de- 
terminations. This argument is strengthened by the fact that the 
hydrogen temperature does not drop below 10°K until 
R > 10'! cm thus deuterium formed interior to this radius would 
be destroyed in less than 1,000 s (ref. 11) (less than-the speed of 
sound communication time to the core). 

] will end this letter, however, with a speculation on a site where 
equation (6) might function with greater efficiency. Some models: 
for active galactic nuclei and quasars suggest the existence early in 
agalaxy’s lifetime of supermassive stars and/or black holes'*. The 
explosion of a 10°M, star might produce 10°° erg (ref. 13). The 
formation of a 10° Mọ black hole would emit a similar quantity of 
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energy. Ifthe collapse of these objects produces matter at very high 
temperature (T 2 10'° K) a substantial fraction of this energy 
might be emitted as anti-neutrinos. If one takes 10*° erg, E, = 15 
MeV, and R = 10'*cm, for example, a production ratio 
D/H ~7 x 10> 3 could be attained. Even ifa small fraction of all the 
hydrogen in a galaxy were processed through these conditions the 
present abundance of deuterium could be understood. 
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Support for the astronomical 
_ theory of climatic change 


AMONG recent papers supporting the astronomical theory of 
climatic change'~>, the work of Hays et al. is of particular 
importance in providing detailed quasi-periods from deep-sea 
cores. I wish to draw attention here to the fact that the periods 
found are very close to the periods predicted by Berger” in the 
latest and most accurate calculation of the variations of the various 
‘Milankovitch’ parameters. The roughly 24,000- and 19,500-yr 
periods from the core samples are not significantly different from 
the periods associated with the largest amplitude terms in the series 
expansion of the precessional parameter e sin @; the periods 
around 42,000 yr are essentially identical with the most important 
term in the expansion of the obliquity e; and the peaks in the 
range of 106,000 yr containing most of the variance, might be 
regarded as either a contribution from the eccentricity, where a 
weighted mean of the main amplitude terms has a period of 
110,753 yr, or as a beat effect of precessional periods, as has been 
noted by Wigley®. 

The astronomical theory of climatic change, originating from 
Croll? and developed by Milankovitch’? has been widely dis- 
cussed and needs no elaboration here. To establish the validity of 








Table I Main terms in the series expansion of the precession parameter 


esm 

Amplitude, P; Mean rate, 4; Period Phase, f, 

(“ per yr) (yr) (deg) 
I 0.018 608 0 54.646 478 23,716 32.0 
2 0.016 275 2 57.785 364 22,428 197.2 
3 ~-0.013 006 6 68.296 536 18.976 311.7 
4 0.009 888 3 67.659 819 19,155 323.6 
5 —0.003 367 0 67.286 006 19,261 282.8 — 
6 0.003 330 8 $5.638 352 23,293 90.6 
7 0.002 354 0 68.670 349 18,873 352.5 
g 0.001 400 2 76.656 031 16,907 131.8 
9 0.001 007 0 56.798 442 22,818 157.5 





Mean period over the previous 5 Myr: 21,700 yr. 
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that theory, the following three criteria must be met. (1) Are the 
quasi-periodicities of the Earth’s orbital elements significantly 
present in the geological record??? (2) Is there any significant 
correlation between insolation curves and geological data?!? 
(3) Can these insolation changes be correlated with climatic 
changes'*)'49 

I have previously®” demonstrated the accuracy of a new 
astronomical solution for the long-term variations of the Earth’s 
orbital elements. From theoretical formulae given in refs 6 and 7 it 
is possible to write, in an easily applicable form, the series 
expansion of astronomical elements required in the computation 
of the insolation, that is, the eccentricity e of the Earth’s orbit, the 
precessional term e sind@ (© being the longitude of the perihelion 
measured from the moving vernal equinox) and the obliquity € 
(inclination of the equator on the ecliptic): 


e = eo +E E cos(åit + Q) 
e sina = EP; sin(xt+B;) 
E = +È A; cos(yt +å;) 
where eg = 0.028 706 9,8 = 23°.320 556 and times = O refers 


to 1950 AD. 

Trigonometric series of this type not only make e, @ and £ more 
easily computable, but also provide us directly with a power 
spectral analysis of their time variation. As in this paper, the main 
interest lies in the spectrum of the astronomical elements, the 
period and mean rate associated with the only main largest 
amplitude terms have been reproduced in Tables 1-3. The 
computation ofe, e sin © and £ will be detailed, and all terms of the 
trigonometrical expansions will be listed elsewhere. 


Table 2 Main terms in the series expansion of the obliquity ¢ 


Mean rate, y Period Phase, 6; 

Amplitude, 4, (" per yr) (yr) (deg) 

l — 2,462.2 31.609 974 41,000 251,9 
2 — 857.3 32.620 504 39,730 280.8 
3 — 629.3 24.172 203 53,615 128.3 
4 — 414.3 31.983 787 40.521 292.7 
5 — 311.8 44,828 336 28,910 15.4 
6 308.9 30.973 257 41,843 263.8 
7 — 162.5 43.668 246 29,678 308.4 
8 —116.1 32.246 691 40,190 240.0 
9 101.1 30.599 444 42,354 223.0 
10 —67.7 42.681 32: 30,365 268.8 


Mean period over $ Myr, 41,000 yr. 


Taking the precessional component, e sind, the four largest 
terms have periods of 23,716, 22,428, 18,976 and 19,155 yr. The 
first two and the last two clearly correspond respectively to the 
24,000- and 19,500-yr periods found by Hays et al. in deep-sea 
cores, with the splitting of the theoretical mean period 21,700 yrin 
two peaks, depending on the resolution of their spectral analysis. 

In the obliquity term, not only the dominant component has a 
period of 41,000 yr but also 5 of the next 10 largest ce aponents 
have periods very close to 41,000 yr. That explains quite well the 
steadiness of the quasi-periodicity observed in the long-term 
variations of e: the mean period over the past 5 Myr is 41,000 yr 
and over the next | Myr it will be 41,040 yr. 

For the eccentricity, the situation is still more complicated. As 
suggested in Berger’, the most important term has a periodicity of 
412,085 yr—too long to beclear in the analysis of Hays et al.—and 
the convergence of the series is very slow. Because of this, while the 
weighted mean periodicity fot terms 2 to 5 in the expansion is 
111,000 yr, the average period from the computed values of e is 
95,800 yr, during the past 5 Myr; the prediction for the next | Myr 
being a mean of 91.400 yr. If longer cores can be investigated by 
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techniques allowing high resolution spectrum, | would expect the 
100,000-yr peak to be split into peaks at 95,000 and 123,000 yr, 
with the main period of 413,000 yr becoming strongly displayed. 
These 95,000- and 123,000-yr periods are related either to a beat 
respectively between terms | and 3 and between terms 2 and 3 of the 
esin@ series expansion (Table 1), and to terms numbered 2 and 3 in 
series expansion of the eccentricity (Table 3). 





Table 3 Main terms in the series expansion of the eccentricity e 


Amplitude, £ Mean rate. 4, Period Phase, ġ; 
(“per yr) (yr) (deg) 

1 0.011 029 40 3.138 886 412,885 165.2 
2 0.008 732 96 13.650 058 94,945 279.7 
3 ~0.007 492 55 10.511 172 123,297 114.5 
4 0,006 723 94 13.013 341 99,590 291.6 
5 0.005 812 29 9.874 455 131,248 126.4 
6 —0.004 700 66 0.636 717 2,035,441 348.1 
7 —0.002 544 64 12.639 528 102,535 250.8 
8 0.002 314 85 0.991 874 1,306,618 58.6 
9 0.002 219 55 9.500 642 136,412 85.6 
10 0.002 O18 68 2.147 012 603.630 106.6 
11 —0.001 723 71 0.373 813 3,466,974 40.8 
12 ~0.001 661 12 12.658 184 102,384 224.1 
13 0.001 313 42 12.021 467 107,807 233.0 





Mean period over the previous 5 Myr, 95,800 yr. 


This prediction isin line with Table 4 of Hays er al.* and also with 
the evidence from their Fig. 9 which suggests a positive correlation 
between summer temperature and eccentricity during the past 
500,000 yr. Indeed, looking for the influence of e alone on the 
insolation, wecan see that it acts only through the (I-e?) ~ 1? factorin 
the total energy received by the Earth'*. As e oscillated between 
0.000483 and 0.060791 in the past 5 Myr, it is easily found that the 
total variation in solar radiation received by the Earth as compared 
with the present value, is no more than —0.17% or +0.014%,. 
These variations are small, but the are in the right direction 
according to the results of Hays eval. : they are positively correlated 
with the change in summer temperature and not in the opposite 
sense, as required by Milankovitch'®, who stated that the influence 
of e was almost exclusively through the e sin © term. As a 
consequence, from an astronomical point of view, the 100,000-yr 
period seems to be closely related either to the nonlinear in- 
teraction between the two precession peaks and to the eccentricity 
period itself if Fig. 9 of ref. 5 can be confirmed. 

Some important conclusions may be drawn from the fact that 
the obliquity peak in geological records is smaller than the 
~ 105,000-yr peak or, at least, less dominant than formerly 
thought'®. Analysing the solar radiation available on the assum- 
ption of a perfectly transparent atmosphere!’, it can be deduced 
that, on the one hand: (1) The insolation received at the equinoxes 
and the differences between the length of the summer and of the 
winter astronomical seasons, are functions only of the precessional 
parameter, e sind. And (2), at the solstices, this parameter has a 
larger influence than the obliquity. On the other hand: (1) During 
astronomical seasons, the insolation received at any latitude is a 
function of the obliquity ¢. And (2), at high latitudes, the deviations 
of the insolation from present day values for the caloric seasons are 
mostly functions of e (ref. 18). 

Thus, as the ‘eccentricity-precessional beat’ period seems to 
have an important role in past climates as recorded in geological 
data, the seasonal contrast and the equinoctial or, better, 
monthly!® insolation values have to be considered in the modelling 
of the glacial~interglacial climate fluctuations in addition to or 
instead of the usual astronomical—caloric seasons frequently used. 

Analysing the remaining terms in the trigonometrical expansion 
ofe sin@ and z, it seems that the next periods that could be found in 
geo~ecological records would be, for e sin@ around 15,000 and 
50,000 yr, for around 21,000, 31,000 and 54,000 yr and, as farasa 
combined effect of both precession and obliquity is concerned, 
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59,000 and 64,000 yr. Discovery of these peaks would remove any 
remaining doubts about the validity of the astronomical theory of = 
climatic change. 
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LaNiz, ,Al, is a versatile allo 
system for metal hydride applications 





METAL alloys which reversibly absorb and desorb hydrogen are 
being used or considered for a variety of energy applications? = 
Alloys of general composition AB, are prime candidates because = 
of their good hydrogen absorption/desorption kinetics and large 
hydrogen storage capacity. The LaNi,~-H, system, in particular, 

has been extensively investigated. In many applications, however, =i 
materials are required whose plateau pressures are different from. : 
those of LaNisH, 7. The desorption pressure of LaNi; Hg+ may be. 
modified by substitutions either of La or Ni with other elements. 
Previous work? has shown that 20% substitutions of Ni by a 
variety of transition metals can lower plateau pressures by a factor 

of ~4. We report here that Al can substitute for Ni in LaNis with ` 
dramatic results in lowering decomposition pressures without 
impairing the kinetics or the hydrogen carrying capacities. The 
important new result is that Al substitutions allow a wide range of 
decomposition pressure to be spanned in continuous fashion. In 

the range 0-20% Al, the plateau pressures of the LaNi;~LaNi,Al 
hydride system are reduced by a factor of ~ 300. 

Alloys were prepared from metals of 99.9%; purity by arc melting 
on a water-cooled copper hearth in an argon atmosphere. The 
alloys were homogenised at 800 °C. It was noted that diffraction 
patterns taken on as cast material were equally as sharp as those 
taken on homogenised alloys. X-ray diffraction patterns were 
taken with filtered FeK, radiation. Computer programs were used 
to verify indexing of the X-ray patterns. 

Alloy samples, weighed to +0.0001 g, were placed in an all 316 
stainless steel reactor fitted with a 1 um porous stainless steel filter 
disk. The reactor was connected to an all 316 stainless steel high 
pressure manifold with connections to a 0-2,000 Ib inch”? Heise 
pressure gauge (accuracy 0.1%), a vacuum pump, and a high 
pressure hydrogen gas cylinder. Hydrogen was Matheson’s 
pre-purified grade (99.95%, min). Hoke valves rated to 3,000 ib 
inch“? were used. The reactor was immersed in a water bath whose 
temperature up to 80 °C was maintained to +0.2 °C by use ofa 
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Thermistemp temperature controller. For higher temperatures a 
nichrome wound cylindrical furnace was employed. Equilibration 
was considered to have been achieved when the pressure remained 
constant for a period of 10-15 min. Equilibration times were 
generally from 30 min to 2 h. Samples were ‘activated’ by evacuat- 
ing the reactor containing the alloy and exposing the sample to 
high pressure hydrogen (300-800 lbinch~’) for 1-2h. De- 
sorption measurements were performed by removing measured 
amounts of hydrogen and re-equilibrating the system. 
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Fig. 1 Plot of InP against I/T for LaNis „Al, hydrides, 


Pressure-composition data have been obtained for alloys of the 
> following composition: LaNiy.gAlo.2, LaNig¢Alo.4, LaNi,Al, 
. and LaNi; sAl; s. Preliminary data at several temperatures allow 
us to plot InP against 1/7 for the hydrides of these four compounds. 
From the slope and intercept of the van’t Hoff plots (Fig. 1), AH 
and AS values for the reaction 


LaNis_, Al, + nH: = LaNis Al Han 


‘~are estimated and given in Table 1. i 
` The increasing stability of the hydrides can also be illustrated by 
isobaric data as in the last column of Table 1. 
X-ray diffraction measurements have been made ona number of 
LaNi,.,Al, alloys. These results, showing the ap and cg lattice 
parameters and the crystal cell volumes as a function of the Al 
concentration, are illustrated in Fig. 2. The substitution of one Al 
atom into the 5 c and g sites results in a sharp increase in cg, anda 
smaller increase in ag. Intensity calculations show that Al tends to 
¿enter the 3g sites in preference to the 2c sites. This finding is 
consistent with an earlier investigation of the YCo,~YNis sys- 
tem*. Further substitution of Al causes čo to level off but ao 
increases ata faster rate. The initial increase in cy must result froma 
lengthening of the bond between layers, while the subsequent 
levelling off in co results from the beginning of a trend for the large 
La atom to collapse into the hexagonal ring of Ni(Al) atoms above 
and below it. 


Table 1 Data from LaNi,_ .Al,+nH, = LaNi,;_,AI,H,, reaction 





AS Temperature 

AH (cal mol`! (CC) 
Compound {kcal mol” ' H,) H,°C) for P = 2.0atm 
LaNi, 7.2401 26.140.4 ~25 
LaNi, sAly> 8340.1 27.3404 ~50 
LaNiz Alga 9140.2 28.1407 ~70 
LaNi,Al 12.7403 29.2 +0.7 ~ 180 
LaNi, ;Al, 5 14.5406 29.6414 ~ 240 
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Fig. 2 Plot of ao, co, and V/M against xin LaNi...,Al, alloys. 


Several workers*-*-’ have pointed to the importance of crystal 
structure and geometrical considerations with regards to the 
stability of metal alloy-hydrogen systems. In Fig. 3, a direct linear 
correlation between InP tareas and the alloy cell volume is shown 
for the compounds: LaCo;, CeCos, PrCo;, NdCos, SmCo,, 
GdCos, YCo;, LaNis, PrNis, SmNis, GdNis, LaCo,Ni, 
LaCo3Ni,, LaCo,Ni;, NdNis, LaNiy.gAlo.2, LaNig¢Alo.4, and 
LaNi,Al. The observed trend of lower plateau pressures with 
increasing Al content is in agreement with the cell volume 
correlation observed for other AB; compounds. 


Fig.3 Plot of InP against alloy cell volume for AB, type hydrides, with 

tel. nos. See ref. 8 for LaCos, CeCos, PrCos, NdCos, SmCos, GdCos; ref. 

9 for YCos; ref. 10 for LaNi.: ref. 11 for PrNis, SmNis, GdNis; ref. 12 for 

LaCo,Ni, LaCo,Ni,; LaCo,Ni;; ref. 13 NdNi,; the present work (ref. 14 
on Fig.) for LaNig gAlo.2, LaNiy gAlo.g, LaNigAl 
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A new ternary alloy system has been developed involving Al 
substitution of Ni in AB, compounds which permits control of 
hydrogen decomposition pressures over wide pressure and tem- 
perature ranges, while preserving the excellent hydrogen 
absorption—desorption kinetics and large hydrogen carrying 
capacity of LaNis. 
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Ni-Sn interaction in temper embrittled 
steel detected by Mossbauer spectroscopy 


PREREQUISITES for reversible temper embrittlement of steel’ 
are the presence of a trace impurity’ (Sb, Sn, As or P) and 
a major alloying element®* (Ni, Cr or Mn). Auger electron 
spectroscopy (AES) demonstrated that in the embrittled 
state these elements are segregated to within the first few 
monolayers of the high angle boundaries**. The segregation 
is reversible and can be removed by heating at temperatures 
above the embrittlement range, whilst still within the «æ 
field (that is > 600 °C). It has been postulated’ that the 
segregation behaviour can be explained using equilibrium 
thermodynamics. It is proposed that the trace impurities 
interact more strongly with the major alloying elements 
than the Fe matrix and hence the chemical potential of the 
system is reduced by segregation to the high angle boun- 
daries with the formation of bi-dimensional complexes (such 
as NiSm, MnsP and CrP), No experimental evidence is 
available for the existence of such complexes. AES gives 
no information regarding the chemical bonding of the 
segregants but it has been shown‘, using X-ray photo- 
electron spectroscopy (XPS), that the segregated Mn on 
embrittled fracture surfaces of a 2% Mn steel is in a differ- 
ent chemical state to that on unembrittled surfaces. We 
report here preliminary results from a specially prepared 

o Ni steel, doped with ‘Sn, which were obtained 
using Mdéssbauer spectroscopy to monitor changes in the 
nearest-neighbour atoms of the Sn atoms as a function of 
heat treatment in the temper embrittlement temperature 
range. 

Argon arc melting was used to prepare the high purity 
alloy of composition (wt%) Ni (3.4); Sn (0.19); C 
(0.10); Fe (balance). The cast alloy was rolled to a thickness 
of 100 um, an optimum thickness for the Méssbauer mea- 
surements, and austenitised for 1h at 1,120 °C followed by 
a water quench. Heat treatments were chosen to produce 











Table 1 Heat treatment schedule 





Condition 1120°C 650°C 500°C 650°C 
As quenched 1 h, water quench 
Unembrittled l h, water quench ih 
Embrittled i h, water quench ih 1,000 h 
De-embrittled 1 h, water quench th 1,000 h lh 





conditions representative of: the martensitic water quenched 
material, the unembrittled state, the embrittled state and 
the de-embrittled state, as detailed in Table 1. Mössbauer 
spectra were recorded in transmission at 77K using a 
CaSnO; source and a constant acceleration spectrometer. 
The Méssbauer spectra in Fig. 1 were found to consist 
mainly four components tentatively identified with Sn- 
atoms having 0, 1, 2, or 3 Ni nearest neighbours. As the 
field in pure Fe is —8.5T and in Ni is +2T, the magnitude 
of the field is expected to decrease with increasing number 
of Ni nearest neighbours. At least-squares computer pró- 
gramme adjusted the intensities and magnitude of the 
fields of the four components to fit the spectra, and the 
percentages of the components are shown in Table 2. The 
errors are estimated to be +5%. With increasing number 
of Ni neighbours a progressive positive isomer shift was 
observed, indicating an increasing s electron density at the 
Sn nuclei. The total shift of 3 Ni neighbours was. 
0.22 mm s™. ES E GS 
For the as quenched material, the analysis showed ‘a. 
slightly greater percentage of Sn atoms having Ni nearest 













Fig.1 Méssbauer spectra obtained for a,the as quenched martensitic 

material; b, the unembrittled state and c, the embrittled state. 

On de-embrittling, the spectra reverted to that of the unembrittled 
State. 
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Table 2 Percentage of Sn atoms 





No. of Ni nearest neighbours 0 1 2 3 
Calculated value for random ; 
distribution (bec) 76 21 3 0 
As quenched 71 24 5 0 
Unembrittled 62 32 10 6 
Ernbrittled 33 23 22 22 
De-embrittled 53 26 13 8 
Field (T) —8.5 — —49 —2.1 —0.7 


iar a a 
neighbours than that predicted from a random solid solu- 
tion, indicating the presence of a Ni-Sn interaction within 
the y field. Tempering at 650°C (the unembrittled state) 
produced a further increase in the percentage of Sn atoms 
having Ni neighbours. On tempering at 500 °C, a dramatic 
Change in the spectrum was noted and the analysis showed 
this is due to an increased number of Sn atoms having two 
or three Ni nearest neighbours. On re-heating at 650 °C (the 
de-embrittled state) these components were removed from 
the spectrum which reverted to that of the unembrittled 
state. The possibility of compound formation during temper- 
ing at 500°C was examined by a comparison with the 
Mossbauer spectra produced by NiSn: or Ni;Sn;. Within 
the accuracy of the experiments, the distinction between 
compound formation and Sn having three Ni nearest neigh- 
bours could not be resolved but is the subject of further 
investigation. 

Examination of thin foils of the specimens in the em- 
brittled condition using transmission electron microscopy 
failed to identify any compound formation either within 
the grains or at the grain boundaries. However, since 
AES? has demonstrated that Ni and Sn are segregated at 
the boundaries of temper embrittled steels, it is reasonable to 
‘conclude that the modification of the spectra on ageing at 
500 °C is due primarily to a grain boundary centred phenom- 
enon associated with either the formation of a bi-dimen- 
‘sional phase of the type Nis Sn, (or Ni, Sn:) or due to an 
increased Ni-Sn coupling. The removal of this ‘phase’ on 
re-heating at 650°C, above the embrittling temperature 
range, indicates that is has a critical role in the mech- 
anism of temper embrittlement. 

This work has demonstrated the existence of a reversible 
Ni-Sn interaction when subjected to a classical embrittling— 
de-embrittling treatment. This interaction is considered to 
be primarily centred at the grain boundaries and is related 
to either the increased number of Ni nearest neighbours of 
the Sn atoms or due to a bi-dimensional compound forma- 
tion of Ni; Sn or Nis Sn. Our work has shown that 
Mossbauer spectroscopy is a powerful tool for monitoring 
the environment of the Sn impurity atoms in temper 
embrittled steels as a function of heat treatment, and a 
similar evaluation may also be possible for Sb. 

B. C. Epwarps 
B. L. Eyre 
Metallurgy Division, 
T. E. CRANSHAW 
Nuclear Physics Division 
Atomic Energy Research Establishment, 
Harwell, 
Didcot, Oxfordshire, UK 
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Water content of Russian tektites 


Tne first occurrence of tektites in Russia was reported 
recently by Florensky’", who named them irgizites, 
and concluded that they were produced by fusion of 
terrestrial rocks at the Zhamanshin impact structure where 
they are found. The Zhamanshin impact structure is 
approximately 10km in diameter and is 200km north of 
the Aral Sea (~49°N, ~59°E). The irgizites have the 
splash forms that are commonly found among other 
tektites and impactites, for example, indochinites and 
Wabar glass. Although Florensky clearly describes the 
field occurrence, shapes, general petrography, major 
element chemistry and origin of the irgizites, the reported 
bulk chemical analysis of the major elements includes 
neither ferrous/ferric iron nor water*. Thus, data for two of 
the most widely accepted chemical criteria for the identifica- 
tion of tektites have not previously been available for 
irgizites. This note reports investigations into their water 
content. 

Seven irgizites were obtained, one of which was available 
for destructive analysis. A thin plate was cut from this 
specimen, polished, and the water content of the glass 
was determined using the technique of Gilchrist et al‘ 
from the infrared absorption spectrum (Fig. 1). A moldavite 
and a terrestrial obsidian sample were run under the 
same conditions for comparison. The actual water deter- 
mination for the irgizite was made on a slice 2.1 mm 
thick, and the value obtained was 0.051 weight per cent 
water. This figure is greater than the water content of 
the presently recognised tektites, which average approxi- 
mately 0.01 wt % (ref. 4). 


Wavelength (jim) 
2.5 3.0 3.5 4.0 3.0 


Moldavite 


60 






a 


Obsidian 


a Transmission 


o 


20 





4,000 3,600 3.200 2.800 2.400 2.000 


Wavenumber (cm!) 


Fig. 1 Infrared absorption spectra of a moldavite, irgizite and 

an obsidian. Spectra were obtained from doubly polished 

sections 0.290 mm thick (moldavite), 0.275 mm (irgizite) and 0.180 

mm (obsidian). The respective water contents are: moldavite, 

0.0092; irgizite, 0.051; obsidian, 0.156 wt %. The water content 
of the irgizite is greater than that of true tektites. 


In thin section, the body glass of the irgizite is a light 
olive brown colour, similar to many bediasites, and 
probably indicates a high ferrous/ferric iron ratio, but 
sufficient material was not available for a wet chemical 
determination. Partial electron microprobe analyses of the 
irgizite glass show a range of composition that is commonly 
found within a single tektite, and confirm the presence 
of lechatelierite inclusions’. The body glass of the irgizite 
is very clean with schlieren and slightly different colour 
and refractive indices; it also contains a number of 
spherical to elliptical bubbles, congruent in number and 
size with the bubbles in many tektites. There are no 
microlites nor any other traces of devitrification or 
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hydration. A few tiny and rare mineral grain inclusions 
are present, but they are too small to identify. 

The piece of irgizite glass we examined seems to be a 
typical tektite glass in all respects except for the greater 
water content and possibly the, as yet undetermined, 
ferrous/ferric iron ratio. Whether or not the irgizites 
should be classified as tektites is a moot question. Perhaps 
they should be termed wet tektites, but regardless of their 
name, they are extremely similar to, and have originated 
by, the same basic process as true tektites. 

Although the fundamental question of the place and 
mode of origin of tektites has been resolved for some 
years’”’, the irgizites are an important link in the chemistry 
and petrography of terrestrial impactites from craters of 
small to intermediate size. 

The authors are indebted to Walter Zeitschel of Hanau 
for providing the specimens of irgizites used in this work. 
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mS 
Source models to account for 

Lake Mungo palaeomagnetic 

excursion and their implications 


INDICATIONS of large and rapid excursions in the direction of the 
ancient geomagnetic field continue to create considerable excite- 
ment and debate in palaeomagnetic circles. Barbetti and 
McElhinny!' have published detailed evidence of a remarkable 
excursion at Lake Mungo, Australia dated at about 30,000 yr ago, 
on which they had briefly reported previously. I consider here 
various simple sources, all in the Earth’s outer core, that could 
account for that excursion—an eccentric radial dipole or current 
loop, an eccentric horizontal dipole, and a pair of eccentric radial 
current loops of opposite sign-—and discuss the merits of each in 
light of the modern geomagnetic field and with regard to the 
magnitude and spatial extent of the anomalous field produced. 
Because most of the excursions proposed so far have been found 
in sediments and have not been convincingly documented over a 
sizeable portion of the globe, several workers have suggested that 





_at the time was axial and had an intensity 0.3 Oe at the site, This i 
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some or most of them may reflect sedimentological rather than: 
geomagnetic phenomena*’. The record of the Lake Mungo 
excursion, however, is contained in sedimentary material that was’ 
baked in prehistoric aboriginal fireplaces. Thus, sedimentological 
phenomena cannot be invoked to explain the anomalous direc- 
tions because the natural remanent magnetisation is not detrital or 
diagenetic in origin but rather is thermoremanent. This type of 
magnetisation is not only the most reliable recorder of ancient field 
direction but is also the best suited for making estimates of ancient 
field intensity. 
The Lake Mungo excursion is especially intriguing because of : 
the very high field intensity that Barbetti and McElhinny! have 
found accompanying the large swing in field direction.. The: 
intensity estimates are as high as 1.83 Oe, about twice as strong as 
anywhere on the surface of the Earth today and three times what: 
would be produced at that latitude by the maximum geomagnetic 
dipole moment previously reported for the past 8,500 yr (ref. 5 
While the field was abnormally intense its direction: was 
shallowly inclined first roughly west and then roughly east, very far. 
from the normal field direction of an approximately axial and 
centred dipole. ‘ 
The explanation of this phenomenon with the least astonishing _ 
consequences is that some of the palaeointensity measurementsare 
erroneously high. It is well known that ancient field intensities are 
far more difficult to determine than directions because of the many 


` possibilities for systematic error’. Nonetheless, we cannot easily 


dismiss these extraordinarily high palaeointensities, Barbetti and. 
McElhinny! carefully discuss the probable effects. of A 
number of possible systematic errors and conclüde th 
estimates of palaeointensity should be regarded. as minimi 
values. Moreover, the high values were found at three sites in 
samples of two different sorts of baked sediment, whereas at- 
several other sites these same materials yield both norma! and 
unusually low estimates of palaeointensity. Thus, it is most useful. 
at this point to accept the measurements of direction and intensity 

as at least approximately correct and to examine other expla- , 
nations and their consequences. ; 

The failure so far to find convincing evidence for any “single B 
excursion at widely separated points on the globe has led to. the © 
Suggestion that excursions are manifestations of the non-dipole 
field®.°. Likewise, Barbetti and McElhinny? propose that the most . 
likely cause of the Lake Mungo excursion is the occurrence of a 
very large intensity non-dipole feature which may be modelled’ 
approximately by an eccentric, radially-oriented dipole in the core 5 
near the core-mantle boundary beneath Lake Mungo. They point _ 
out that such a radial dipole at 0.5 R (offset from the centre of the 
Earth by 0.5 of the Earth’s radius) would need a moment of only. 
one-eighth that of the main geocentric dipole to produce at the. 
point on the surface nearest to it a field greater than or equal to that _ 
of the main dipole, whereas on the far side of the Earth it would — 
produce a field only 1/27 as large. 

Even higher field intensities, however, are required elsewhere on : 
the surface of the Earth when one attempts to apply the radial 
dipole model in a quantitative manner to the Lake Mungo | 
excursion (Fig. 1a). To do this, I have assumed that the dipole field. 












the most reasonable assumption in accordance with the datat, but 7 





Table ! 


Non-dipole field 


Nearer solution 


Site Fy F; Fo À $ 

F7* -0.68 -0.76 0.27 -52 8i 
F12 -0.44 -18! 014 —29 80 
F8 — 0.06 0.57 0.14 —26 198 
F9* -0.37 LIS 0.25 -34 203 


Solutions for radial dipoles corresponding to Lake Mungo excursion 


Farther solution 


MIM, 0 i $ M/Mo o 
-1.4 48 13 186 2.3 62 
-3.1 53 -8 199 3.6 57 
~0.8 48 -11 80 13 62 

2.7 60 


—1.8 49 ~3 87 





Sites are those of Barbetti and McElhinny’. Fy. Fp. Fp are north, east, downward non-dipole field components in Oe (107 


tT). 4,6. and M/M are north 4 


latitude, east longitude, moment divided by present geocentric dipole moment of radial dipole. Ois great-circleanglein degrees between radial dipoleandsite. - 


*Palaeointensity is average of values derived from ovenstone and baked sediment?. 
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other plausible choices such as the present inclined dipole field of 
approximately 0.6 Oe at Lake Mungo do not seriously change the 
results. The differences between the palaeomagnetically de- 
termined total field vectors and the presumed dipole field vector 
are the ancient non-dipole field vectors (Table 1), for which one 
seeks to find the appropriate radial dipole sources. 

Two possible solutions always exist for a radial dipole at any 
particular depth that can produce a given field at a site on the 
surface. These can be found using standard formulas!’ and an 
iterative technique. The dipole nearer to the site naturally has a 
smaller moment that the one further away that produces the same 
field. Thus, it is the nearer dipole that is the more likely to 
correspond to the real physical situation if the non-dipole field at 
the site is in fact produced by only one such source. The depth of the 
radial dipole that is best used depends on the width of the anomaly 
to be modelled at the surface. Assuming non-dipole features in the 
p&st to have been similar to those of today, offsets of 0.35-0.45 R 
are most appropriate. These correspond to half-widths of 44-56° 
great circle arc for the vertical component of the anomaly. 

The solutions for the positions and strengths of radial dipoles 
with offset 0.40 R that would produce the non-dipole field vectors 
for the Lake Mungo excursion are given in Table 1. The nearer 
solutions are inward-pointing dipoles at southerly latitudes of 26° 
or higher and at longitudes around 80°E or 200°E for the sites with 
westerly or easterly palacomagnetic declinations, respectively. The 
farther solutions are only about 11° more distant on the average 
than the nearer solutions, and are outward-pointing dipoles lying 
within 13° of the equator at longitudes around 190°E or 85°E. The 
` ‘solutions are listed in order of presumed decreasing age and span a 
i period of 2,000-3,000 yr (ref. 2). 

~The moments of even the nearer radial dipoles are enormous, 
ranging from 0.8~3.1 times the present geocentric dipole moment, 
‘and the alternate farther dipoles are up to 60% stronger than the 
nearer ones. These hypothetical dipoles would cause extremely 
large intensities at the points on the surface nearest to them of 
2.3-8.8 Oe. Even at the antipodal points the intensities are about 
0.2-0.7 Oe, certainly not negligible compared with usual field 
intensities. 

Shifting the radial dipole toward or away from the centre of the 
Earth does little to diminish the excessively high field intensities. A 
radial dipole just below the core~mantle boundary (0.54 R) or just 

‘above the inner core (0.20 R) that produces the largest non-dipole 
field vector inferred for Lake Mungo (that at site F12, Table 1) 
would produce field intensities over the whole Earth ranging from 
10.6-0.3 Oe or 6.1-1.8 Oe, respectively. Likewise, replacing the 
simple point dipole by a distributed source such as a circular loop 
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of current at the core-mantle boundary is only a minor improve- 
ment. Such a current loop with radius 44% of the radius of the core, 
which would cause an anomaly at the surface of about the same 
width as a radial dipole at 0.40 R, would bring about intensities 
over the world ranging from 7.2-0.4 Oe, while producing the 
largest non-dipole field vector inferred for Lake Mungo. Vari- 
ations of the total field intensity for various of these models are 
illustrated in Fig. la. 

The only way for sucha large, almost horizontal non-dipole field 
as apparently occurred at Lake Mungo to exist without much 
larger fields existing simultaneously elsewhere on the Earth is to 
relax the assumption that the cause was a simple, radial source. 
When two adjacent radial sources have opposite signs, their 
horizontal components add between them and the area dominated 
by their combined fields is much less than for a single source. For 
example, consider the current loop described above and a slightly 
stronger current loop of opposite sign, 96° away from the former 
onthe other side of Lake Mungo, that would also produce the same 
field at site F12. If reduced to half their strengths, the two loops 
together would likewise cause the required non-dipole field at site 
F12, but over the rest of the Earth they would produce fields that 
varied from only 4.5 to almost 0 Oe (Fig. 1b). If the current loops 
were allowed to overlap slightly, the most efficient configuration 
would be two current loops of equal strength and opposite sign 
spaced 54° apart. Such a pair would cause fields that varied from 
only 2.3 Oe toexactly 0 Oe over the globe (Fig. 15), while producing 
the required 1.87 Oe at site F12. The spacing of 54° lies at the short 
end of the observed range of about 50-100° for the spacing of 
adjacent features of opposite sign of the modern non-dipole 
field?!. 

The other assumption that might be relaxed is that the source is 
radial. A horizontal dipole at the core~mantle boundary would 
only require a strength of about 20% or less of the present main 
geocentric moment to account for the non-dipole fields inferred at 
Lake Mungo. This dipole would cause field intensities over the 
globe varying from about 2.0 Oe to less that 0.05 Oe (Fig. 1b). 
Combinations of two horizontal dipoles could reduce still further 
the maximum field intensities and the area of the globe significantly 
affected. i , ; 

What, then, is the most likely source for the very high intensity 
Lake Mungo excursion? A horizontal eccentric source or current 
loop is the most efficient in terms of causing the least disturbance of 
the field elsewhere around the world, but there is little basis for 
expecting one to exist since the modern non-dipole field is 
dominated by a few large features that are most simply modelled by 
radial sources!®:!!, Single radial sources, however, would produce 


Fig. 1 Magnetic field intensity at Earth’s surface due to various sources in outer core. Dashed lines indicate total field, zero if coincident with surtace of 

Earth. Each source produces the palaeomagnetic non-dipole field at Lake Mungo site F12 (Table 1). a, Single radial sources: radial dipole at 0.40 R 

(RD), light dashed lines: current loop (L), heavy dashed line. b. Paired radial sources or horizontal source: current loops of opposite sign (L1 or L2), 
heavy dashed lines: horizontal dipole (HD), light dashed line. 
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extremely high fields over very large areas and significantly high 
anomalous fields over the entire globe. Thus, they are improbable 
unless simultaneous worldwide effects are discovered. The most 
appealing explanation seems to be a combination of two radial 
eccentric sources of opposite sign. In their most efficient con- 
figuration such a pair would cause a maximum field of about 2.3 
Oe, while producing the required non-dipole field at Lake Mungo 
(site F12), and significant effects would occur as far away as 
south-eastern Asia and India, southern Africa, and much of 
Antarctica and the South Pacific Basin. 

To produce all four non-dipole fields listed in Table I such a pair 
of sources would have to change signs and move about 15° N and S, 
in a similar fashion to the oscillating radial dipoles of fixed average 
position recently postulated by Creer'? in explanation of geomag- 
netic secular variation. Although it could well be coincidental, it is 
interesting that two of the oscillating dipoles proposed by Creer lie 
within 10° and 25° of the average positions of the optimally-spaced 
pairs of current loops calculated to produce the field directions of 
the Lake Mungo excursion. 

Obviously, there is a critical need for additional records of the 
Lake Mungo excursion in other places around the world. Only 
these will provide firm answers to fundamental questions such as 
whether the excursion is an expression of the dipole or non-dipole 
field and whether the very high field intensities inferred from the 
experimental data are in fact real. If the non-dipole field is 
responsible, such records are also necessary to determine the 
shape, number and configuration of the sources. At present, one 
can only conclude that if the very high field intensities are 
approximately correct and if the excursion was caused by non- 
dipole features similar in configuration to the modern ones, then 
unusually strong non-dipole fields must have occurred simul- 
taneously over a significant portion of the rest of the world. 

I thank Dr M. F. Barbetti, Dr M. W. McElhinny, Dr C. S. 
Grommé and Dr A. Cox for discussions, and the Australian 
National University for partial support provided by a visiting 
research fellowship. 
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Trace elements in 
zooplankton particulate products 


Ir has become increasingly evident that biogenous processes 
in oceanic surface layers play an important role in removing 
trace elements from sea water and transporting them to the 
sediments’?, Plankton are strongly implicated in these 
processes and investigations of the chemistry of these 
organisms have demonstrated their ability to accumu- 
late trace elements to relatively high levels**. Zooplankton 
metabolic activity can be expected to enhance the biogeo- 
chemical cycling of trace elements through the release of 
particulate matter* such as faecal pellets, moulted exo- 
skeletons and eggs. Furthermore, theoretical models™® on 
the vertical flux of particulates have emphasised the sinking 
of large particles, similar to those produced by zooplankton, 
as a mechanism for rapid transport of particulate matter 
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and associated trace elements out of the mixed layer. Never- 
theless, little, if any, data exist on the trace element compo- 
sition of these biogenic particles, and Boyle et al’, 
interpreting their Pacific Ocean Cd profiles in terms of 
probable Cd regeneration from sinking biogenic debris, have 
stressed the need for information on the trace element 
composition of planktonic particulate matter. This note 
reports the concentrations of 18 trace elements in freshly = 
released faecal pellets, moults and eggs from a represent- 
ative planktonic crustacean. The high levels of many trace 
elements found in these biogenic products, relative to con- 
centrations in the plankton which produce them, clearly 
indicate the importance of these particulates in oceanic 
trace element biogeochemical cycles. 
Many euphausiids (Meganyctiphanes norvegica) were 
collected during one night in the surface waters off Monaco 
by making several, short oblique tows with a midwater trawl. 
Approximately 1,000 individuals were placed in a faecal 
pellet collection system’ and several hundred milligrams © 
(wet) of pure faecal pellets were retrieved after 15h. The 
remaining euphausiids were split into two groups; one was 
maintained in the laboratory’ until a sufficient number of 
moults had been collected and the other was killed for 
whole body analysis. Eggs released by females were concen- 
trated from the water on fine mesh nylon netting. Micro- 
plankton, on which M. norvegica were feeding, were 
collected at the same time for purposes of comparing their 
trace ‘element contents with levels in the euphausiid faecal 
pellets. All samples were briefly rinsed with doubly distilled 
water to remove adhering sea salts and oven-dried at 60 e 
Separate aliquots of material intended for Hg analysis were 
freeze-dried in order to avoid Hg loss through volatilisation. 
Care was exercised to avoid metal contamination at all. 
stages of collection and sample preparation. Microplankton 
samples were carefully screened for possible metal-particle 
contamination using the Martin and Knauer‘ method. 
Samples along with appropriate blanks and standards were 
analysed by flameless or flame atomic absorption spectro- © 
photometry” and instrumental neutron activation”. K 
Trace element concentrations in euphausiids, their. 
particulate products and the food they eat are given in 
Table 1. Since all samples were derived from the same _ 
water mass, realistic comparisons can be made between: 
trace element levels in the particulates and those in the. 
organisms which produced them. For most elements, faecal 
pellets contained the highest trace element levels with lesser 
amounts in moults and eggs. Trace element concentrations _ 
in faecal pellets were significantly higher than levels in whole | 
euphausiids (as much as 1,000 times) except for Sr and | 
possibly Hg and Se. The natural diet of M. norvegica, an 
omnivore, is extremely varied” but consists primarily of — 
phytoplankton, small zooplankton and detritus. Although ` 
it is difficult to define precisely the exact composition of 
their diet at any given moment, examination of euphausiid - 
stomach contents and faecal pellets indicated that the 
samples were feeding on many of the species noted in the 
microplankton. Comparison of the trace element content in 
microplankton and euphaustid faecal pellets in Table t- 
shows that, except in the case of Sr, euphausiids readily 
concentrate ingested trace elements in their faeces. Faecal — 
pellet-microplankton concentration ratios ranged as high _ 
as 670 with the greatest degree of concentration noted for 
trace elements not biologically essential such as Ce, Sb, Cs, 
Eu and Sc. The high concentration ratio for Fe, a bio- | 
logically essential element, is possibly a result of ingesting _ 
a particulate form of this metal which may not be easily | 
assimilated. Boothe and Knauer have also reported a 
relatively high concentration of Fe in crab faeces relative. 
to that in their food. a 
With the exception of Cu, Cs, Hg and Se, trace element 
concentrations in moults were also significantly higher than 
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Table 1 Trace element concentration (ug g~ dry) in a planktonic euphausiid, its particulate products and the microplankton it ingests 








Wet-dry 
Sample weight Ag Cd Co Cr Cu Fe Mn Ni Pb Zn Ce* Cs* Eut Hg* Sb* Sc* Se* Sr* 
ratio 
Faecal pellets 44 21 9.6 3.5 38 226 24,000 243 20 34 950 200 60 0.66 0.34 7 28 66 78 
Moults 4.6 29 21 080 53 35 232 11.7 6.7 22 146 1.2 0.019 0.0077 0.17 0.80 0.030 1.9 350 
Eggst 10.0 0.96 0.58 0.80 7.9 17 330 11.5 4.3 89 318 
Whole euphausiid 4.7 0.71 0.74 0.18 0.85 48 64 4.2 0.66 1.1 62 0.21 0.062 0.0023 0.35 0.071 0.0090 4.4 117 
Microplankton{ 10.7 067 2.1 0.87 49 39 570 17.9 8.1 1i 483 0.30 0.080 0.013 0.05 0.22 0.13 2.7 520 


*Determined by instrumental neutron activation analysis. 
fInsuflicient sample for neutron activation analysis. 


Principally copepods, phytoplankton, chaetognaths and detritus retained on nylon netting of 76 um aperture. 


corresponding levels in whole individuals (Table 1). 
Bertine and Goldberg’ analysed several trace elements in 
sgrimp and found that Zn and Ag were higher in dissected 
exoskeleton than in internal tissues. When small pelagic 
crustaceans moult, only the thin outer layer of the exo- 
skeleton is shed. If surface adsorption predominates in the 
accumulation of many of the trace elements on to chitinous 
mioults, as is the case for several radionuclides", it is con- 
ceivable that moults will contain higher concentrations of 
these elements than the entire exoskeleton. 

M. norvegica moults average 7.7% of the organism’s dry 
weight; from this, rough estimates of the fraction of the 
animal’s trace element content contained in the moult can 


than moults in effecting element transport, since egg 
deposition is seasonal. Zooplankton faecal pellets, which 
are produced at a higher rate and decompose more 
slowly” than moults, clearly have the greatest potential for 
transporting trace elements to depth. Recent finding of 
large numbers of intact faecal pellets in deep waters” ” 
supports this contention. Trace element flux rates resulting 
from the release of moults and faeces by euphausiids can 
be calculated and are given in Table 3. From a comparison 
of the rates it is clear that, with the exception of Sr, faecal 
pellet flux is a major contributor to the biogenic vertical 
transport of the elements investigated. Thus, vertical 
transport through faecal pellets may be an important factor 


Sanem 


Table 2 Fraction of euphausiid trace element body burden contained in the moult 


Ag Cd Co Cr Cu Fe Mn 
% in moult* 31 22 34 48 6 28 21 


*Calculations based on p.p.m, dry weight values listed in Table 1. 


be calculated (Table 2). Clearly, for many trace elements, 
a large fraction of the euphausiid’s total body burden is 
associated with its outer surface. The reason for the 
anomalously high Pb percentage is not readily explainable 
and measurements made on another set of samples led to 
a similarly high percentage. The possibility of contamination 
can not be entirely ruled out; however, Pb is known to be 
highly concentrated on the epidermis of marine fish’*, and 


Ni Pb Zn 


Ce Cs Eu Hg Sb 


78 = 150 18 44 2 26 4 87 26 3 23 


influencing the oceanic residence times of these elements. 
The degree to which faecal pellets and other biogenic debris 
transport their trace element load to depth will be a 
function of trace element regeneration time for these sink- 
ing materials. Considering the high trace element content 
of freshly released zooplankton particulate matter, some 
attempt to understand in situ trace element regeneration 
Kinetics in these products is needed. 





Table 3 Trace element flux rate contribution (ug per kg euphausiid per d) by euphausiids* 








Ag Cd Co Cr Cu Fe Mn Ni 
Faecal pellets 80 360 130 1,400 8,600 910,000 9,200 760 
Moults 26 19 7 48 320 2,100 110 60 


Pb Zn Ce Cs Eu Hg = Sb Sc Se Sr 


1,300 36,000 7,600 230 25 13 2,700 110 250 3,000 
200 1,300 il 02 007 15 7 03 17 3,200 





*Based on typical M. norvegica faecal pellet and moult production rates! of 0.038 and 0.009 g dry matter per g dry euphausiid per day, res- 
pectively. Flux due to egg deposition is not considered since egg production takes place for only a brief period during the year’. 


it may be that the cast moult adsorbed additional Pb on its 
inner surface before it was removed from the water. 
Nevertheless, the implication is that most or all of the Pb 
associated with euphausiids is located on the surface of the 
exoskeleton, 

The relatively high concentrations of so many trace 
elements in zooplankton particulates hold important 
implications for marine biogeochemical cycles. Pelagic 
crustaceans moult as often as every few days™'™™, in some 
cases throughout their entire lifespan. Consequently, sinking 
moults may either release trace elements to the deeper waters 
or sediments during decomposition or, if eaten, provide a 
rich source of trace elements to organisms that consume 
them. Released eggs, often also displaying a relatively 
high trace element content, will be much less important 
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Weis-Fogh clap and 
fling mechanism in Locusta 


WeIs-FoGH discovered a mechanism of lift generation’ 
when he observed, from slow motion films, that the tiny 
parasitic wasp Encarsia clapped its wings together at the top 
of the stroke during hovering flight; the clap was followed 
by a ‘flinging open’ of the wings, as they rotated about a 
common axis where the hindwing trailing edges were in 
contact. He calculated that the insect generated greater lift 
than could be explained by steady-state aerodynamics. The 
importance of the clap and fling in generating this extra lift 
is now well established?~*, We report here that slow motion 
film of natural flight has revealed this mechanism in locusts 
and that it occurs during forward flight to produce extra lift. 

Swarms of Locusta migratoria were filmed with a high- 
speed camera in Australia and New Guinea. Film taken 
pointing directly towards an approaching and climbing 
swarm revealed that the hindwings of the locusts met at the 
top of the stroke in a similar fashion to that observed by 
Weis-Fogh in Encarsia. During the clap the tips of the hind- 
wings meet, leaving a characteristic gap lower down towards 
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the wing bases. At the beginning of the downstroke, the 
leading edges of the hindwings part, but the more posterior 
vannal portions remain touching; as the hindwings move 
further down, the two wings eventually become completely 
separated from one another and they then progress as in 
a normal stroke. Significantly this clap and fling stroke is 
seen only in climbing locusts, which need greater lift than 
locusts in horizontal flight. Aspects of the stroke can be 
seen in Fig. 1. 

The hindwing movement on the upstroke, before the clap, 
is noticeably faster than in a non-clapping stroke, and Fig. 
2a shows this remarkably rapid upstroke which can be twice 
as fast as its forewing counterpart; hindwing tip speeds up 
to 10 ms” have been calculated from the film. Differences 
in phase between the fore and hindwings during the clap 
stroke seem to be essentially similar to those in the normal 
non-clap stroke (see Fig. 2b), and thus the hindwings move 
through a greater amplitude before the clap simply by 
moving faster than usual, reaching the top of their stroke 
with about the same phase lead over the forewings as in 
a non-clap stroke. Only the amplitude difference between 
fore- and hindwings changes markedly, and this results in 
a characteristic configuration with the hindwings pointing 
vertically and the forewings pointing horizontally (see 
Fig. 1). 

On some of the high-speed film an occasional butterfly 
(unknown species) was seen flying across the field of view. 
Like the locusts, they also performed a wing clap at the top 
of the stroke‘: in some cases the clap together was not 
immediately followed by separation as in the locusts, and 
instead the wings were held closed for a fraction of a 
second. The clap was observed both in approximately 
horizontal and vertical flight. 

The clapping of the locust hindwings might be expected 
to make a noise, as is the case with pigeons taking off’. 
There are several reports of locust flight noises, especially 
during take-off’. Experiments performed in the field’** 
showed that the hindwings were responsible, and variously 
attributed the noise to the interaction of hindwings with 
back legs’, or to stretching of the vannal area of each 
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Fig. 1 Sequence of hindwing clap and fling in Locusta. Wings meet directly above the body and then at the start of the downstroke, the 
leading edges open, leaving more posterior portions of the wing still in contact. (Each frame is taken from a different locust.) 





Fig.2 a, Wingbeat cycles of right fore and hindwings of a locust 

performing clap. b, Wingbeat cycles of a different locust during 

non-clap strokes. 180° refers to wings in vertical clap position, 
and thus 90° is wings in horizontal position. 


hindwing. We suggest, however, that the noise is caused 
by the hindwings clapping together, this being likely to make 
a louder noise than the more proximal parts of the hind- 
wings striking the legs. In the case of the locust Dissosteira 
carolina”, which can apparently produce noise whilst hover- 
ing over a nearly fixed point, it performs a type of aerial 
dance and noise display thought to be of a sexual nature; 
we therefore suggest that the clap and fling mechanism may 
have a secondary sexual function in this case. 

The significant aspect of these findings, both in locust and 
butterfly, is that the clap and fling mechanism seems to be 
used in forward flight as well as hovering, and thus must 

-now be recognised as an aspect of primary importance in 
insect flight. 

We thank Professor Sir James Lighthill for encourage- 
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field. 
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Post-metamorphic eye 
migration in Rana and Xenopus 


CONTRADICTORY results have been obtained with Xenopus 
laevis and Rana pipiens in experiments directed at 
evaluating the possible role of visual experience in 
assuring proper binocular relations in the optic tectum. 
Gaze, Keating, and colleagues, working with Xenopus, 
reported that, in certain circumstances, experimental 
alteration of the contralateral visuotectal projection by 
eye rotation results in a modification of the ipsilateral 
projection so as to re-establish appropriate binocular 
relations’. Jacobson and co-workers, however, working 
with Rana, reported no change in the ipsilateral projection 
after experimental rotation of the eye**. Based on the 
hypothesis that the ability to respond to experimental 
perturbation of interocular relationships would correlate 
with the amount of variation in interocular relationships 
occurring normally, we predicted that Rana might exhibit 
substantially less post-metamorphic eye migration than 
Xenopus. We report here results which confirm this 
prediction. 

In both Xenopus’ and Rana’, the ipsilateral visuotectal 
projection develops during metamorphosis, when the eyes 
migrate from lateral positions, with little or no overlap 
of their visual fields, to positions with significant binocular 
overlap. Because we were concerned with possible changes 
in interocular relationships occurring after the ipsilateral 
projection has developed, we concentrated our attention 
on relative eye position from the completion of meta- 
morphosis onwards. Keating? drew attention to the fact 
that eye migration continues for some period post- 
metamorphically in Xenopus. We here provide quantitative 
confirmation of a continual change in relative eye position 
in post-metamorphic Xenopus. In contrast, we have found 
that relative eye position is stable post-metamorphically 
in Rana. The photographs in Fig. 1 illustrate these basic 
conclusions. Figure la shows the relative eye position in 
a Xenopus froglet in the final stage of metamorphosis, as 
well as in an older juvenile and in an adult. The eyes 
continue to migrate dorsally, towards each other, after 
the end of metamorphosis. Similar photographs, however, 
for the Rana froglet and adult (Fig. 15) show strikingly 
similar relative eye positions. 

To quantitate these observations we devised a modifica- 
tion of the techniques used by Fite? to determine the 
extent of visual fields with relation to body axes in frogs 
and toads. R. pipiens and X. laevis were reared in the 
laboratory from fertilised eggs and adults were obtained 
commercially. At known metamorphic stages or post- 
metamorphic ages individuals were either anaesthetised 
or paralysed and mounted at the centre of and facing 
towards an Aimark projection perimeter. An ophthalmo- 
scope held in a moveable clamp was used to illuminate 
the eye and to visualise light reflected from within it. 
Once this was done the ophthalmoscope was moved 
peripherally in the visual field until the reflected light just 
disappeared. The ophthalmoscope was then kept in this 
position while a mirror was used to intercept the light 
beam and reflect it back through the ophthalmoscope 
onto the perimeter where its position was noted as an 
angle with respect to body axes. Repetitions of this pro- 
cedure for both eyes with different directions of movement 
of the ophthalmoscope outlined the extent of the anterior 
half of the two visual fields. The whole process was then 
repeated with the animal facing away from the perimeter, 
giving the posterior half of the visual fields. 

Results are shown in Fig. 2. In all cases, data from 
four or more animals have been included to indicate 
the range of variations which along any meridian or 
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parallel rarely exceeds 10°, A fair amount of this variation 
is attributable to uncertainties in the procedure itself, 
since repeated determinations in a single animal give 
comparable variations. It is clear from Fig. 2a and b 
that there is little or no difference in relative eye position 
between an immediately post-metamorphic and an adult 
Rana. For Xenopus, however, there is a_ significant 
amount of dorsal movement of the eyes subsequent to 
metamorphosis (Fig. 2c, d). The migration involves a 
shift of the visual axis of about 30°, is half completed at 
7 wk, and still in progress at six months (Fig. 2e). There 
is apparently no substantial change in monocular visual 
field size or shape over this period. 

The significance of the continuing eye migration in 
Xenopus, as pointed out by Keating", is that, unless there 
is complicated reorganisation of the retinae, the region 
of one retina which is directed at the sdme part of visual 
space as a given region on the other is constantly 
changing. In these circumstances constant readjustment of 
the binocular interactions by the use of visual experience 
may be an essential developmental mechanism for main- 
taining the appropriate interactions between the two eyes. 
The results of experimental rotation of one eye may be 
interpreted as indicating the presence of such a mechanism 
operating during normal development. In Rana, however, 
as we have shown, the developmental problem of constant 
readjustment of binocular interactions is not present or, 
at least, is very much less. A mechanism for matching 


Fig. 1 Photographs illustrating eye position at metamorphic 


climax and subsequently in a, X. laevis and b, R. pipiens. In each 

case, the smallest animal is one just at the completion of meta- 

morphosis and the largest is | yr or more post-metamorphic. For 

X. laevis, an additional animal aged 4 wk post-metamorphosis 
is also shown. 
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Fig. 2 Visual field boundaries for R. pipiens and X. laevis. 
Anterior visual field boundaries for the left (@) and right (O) 
eyes are shown for metamorphic climax Rana (a) and adult 
Rana (b) and for Xenopus (c, metamorphic climax; d, adult). 
Each map represents a hemisphere with the centre raised from 
the page. The animal should be pictured as sitting inside the 
hemisphere and facing the reader. The animal’s eyes are in the 
plane of the page and centred on the intersection of planes 
corresponding to the vertical and horizontal meridia of the map. 
The symbols are actual border points for several different animals 
obtained as described in the text. Similar maps obtained for the 
posterior visual field boundaries are not shown. Data are from 
five animals in a, c and d and four in b. From maps like these, 
average visual field boundaries were estimated to illustrate the 
time course of eye migration in Xenopus (e). In (e), the visual 
field boundary of only the right eye of animals at the indicated 
ages is shown. The map, however, should this time be interpreted 
as a complete sphere with the posterior borders of the visual 
field (broken lines) being seen through the transparent anterior 
hemisphere. 


the ipsilateral to the contralateral visuotectal projections 
may be correspondingly absent or significantly less effective 
and hence not lead to the same sequelae to experimental 
eye rotation as in Xenopus. Following this line of argu- 
ment, our findings not only provide a possible explanation 
for the discrepant experimental results in Rana and 
Xenopus but also support the suggestion of Keating that 
visual experience is important in assuring proper binocular 
interaction in conditions of continuing eye migration’. 
On the other hand, the differences between Rana and 
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Xenopus may be more quantitative than qualitative. In 
reviewing the mammalian literature, Grobstein and 
Chow“ put forward the proposition that binocular 
interaction may necessarily depend on visual experience 
because developmental variability makes genetic informa- 
tion inadequate to assure proper pairing of retinal regions. 
They also suggested that the influence of visual experience 
is probably constrained to some restricted range of 
operation by the genetically based developmental pro- 
gram (a suggestion earlier made by Shlaer™). It may 
well be that the range of operation in Xenopus is quite 
large, corresponding to the range of relative eye positions 
over which the system must operate, whereas in Rana 
it is quite small. Thus, the fairly large eye rotations which 
are necessary experimentally to be sure that a rotation 
has been accomplished lead to a compensation of the 
ipsilateral projections in Xenopus but not in Rana. It 
fvould be of interest to know whether the ispilateral pro- 
jection in Rana will compensate following very small eye 
rotations. 

After submission of this paper it came to our attention 
that Keating’ has recently also suggested that the differing 
experimental results in Rana and Xenopus may relate to 
quantitative rather than qualitative differences between the 
two organisms. 

This work was supported by PHS grant EY-01658 from 
the National Eye Institute, an Alfred P. Sloan Research 
Fellowship to P.G., and a Prather Fellowship to C.C. of the 
Department of Biology. We thank M. Jacobson, J. Gold- 
berg, M. Hollyday and P. Ulinski for critical comments and 
C. Bailey for typing of manuscript. 
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Optimal mate selection in the toad Bufo bufo 


SexuaL reproduction can no longer be regarded as a 
cooperative venture in which males and females are 
selected to achieve the same goals. The optimal repro- 
ductive strategy for a male is often very different from that 
for a female’?. We report here that, in the wild, toads 
(Bufo bufo) do not pair up at random, that this comes 
about through male-male competition probably influenced 
by the behaviour of the female and that mating involves a 
compromise between different male and female optima. 
Toads visit ponds to breed in early spring. All the year’s 
reproductive activity takes place within a few weeks, after 
which the toads leave the pond and remain on land until 
the next year’. Our observations were made at a pond near 
Oxford in March and April 1977. Every female we found 
in the pond was already in amplexus; that is a male was 
clasped onto her back, gripping her pectoral girdle with his 
forearms. Males greatly outnumbered females, however, 
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and during 11 d we found that 84.94+9.3% (mean + isd.) 
of the males were unpaired. The excess of males on any 
one day probably occurred because males can mate more 
than once and individuals spend most of the breeding 
season in the pond, whereas females, who can only spawn 
once, visit the pond for a shorter time. Thus at any par- 
ticular time most of the male population is in the pond but 
only a small fraction of the female population‘. 

We measured the snout-vent lengths of males and 
females we found in amplexus. Before the start of spawning 
there was no significant correlation between the length of 
males and females in amplexus (on one day, r = 0.094, 
n = 32; on another day, r = 0.299, n = 26). Small males 
were just as likely to be paired with large females as were 
large males. But when we measured the length of pairs actu- 
ally engaged in spawning, we found a significant relation- 
ship (r = 0.567, n = 16, P < 0.05). By the time spawning 
had started the large females were paired with the large 
males. This presents two problems; first, what is the mech- 
anism by which this non-random mating comes about and 
second, what is its functional significance? 

What is the mechanism by which non-random mating 
comes about? In the laboratory we found that even males 
that were 30mm smaller than their mates were easily able 
to maintain amplexus for a week or more. Thus the female 
herself is apparently unable to displace a male, even if he 
is very small. In the wild, however, we often found two males 
tussling over the possession of a female. To investigate the 
effect of male~male competition we performed a series of 
experiments in the laboratory, summarised in Fig. 1. The 
results showed that, just as in the wild, pairing was random 
at first but after some time large males were more likely to 
be paired with large females because they could achieve 
successful takeovers. 

We conclude that male-male competition is the mech- 
anism by which the change in pairing from prespawning 
to spawning comes about in the wild. Because it is the 
female who is in control of locomotion of the pair (her legs 
are in the most free position for swimming) it seems likely 
that she will be able to influence whether male-male com- 
petition takes place or not. If she has a suitable mate she 
may swim away from other males in order to avoid inter- 
ference’. If she has been grabbed by an unsuitable male 
then we suggest that one strategy she could use would be 
to swim over to where there are other males and thus invite 


Fig. 1 Male~male competition experiments in toads. Results of 
41 experiments, each with one large male, one small male and a 
female in a tank. The experiments were done with various 
absolute sizes but in each, one male was larger than the other 
male by about 10 mm in body length. a, One female (white) and 
two males (black) are placed in a tank. b, Within a few minutes 
one of the males has paired up with the female. Either male is 
equally likely to be the first to adopt amplexus. c, The unpaired 
male attacks the pair and attempts to dislodge his rival. The 
paired male lashes out with his hind legs in defence. d, Large 
males can sometimes displace smaller males but not vice versa 
(P < 0.01). 
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Fig. 2 Relationship between female body length, measured from 
snout to vent, and number of eggs laid. Results obtained from 
pairs spawning in individual tanks in captivity. A sample of 
10 of the females was dissected and all had laid their full clutch 
of eggs. Fitted regression, y = 67.47x —3316.68. A polynomial 
does not give a significantly better fit than the straight line. 
Correlation coefficient, r == 0.669, P < 0.001. 


male-male competition. Obviously all this waste of time 
and energy could be avoided if the female found a suitable 
mate in the first place. In our laboratory experiments suc- 
cessful takeovers took on average 7h to complete (mean 
+ lsd. = 420.3 + 321.8 min, n = 10). Although we have 
no evidence for our species, in many anurans the female 
uses the call of the male as a basis for mate choice‘, In this 
context it is interesting that different sized males have dif- 
ferent calls so it is possible that a female might select a 
male of suitable size on the basis of his call’, 

What is the functional significance of the non-random 
mating found in the wild? To investigate this question we 
paired up toads in the laboratory with partners of a size 
that they would not have mated with in the wild, to see if 
reproductive success was thereby decreased. We measured 
reproductive success in terms of the number of fertilised 
eggs produced. For any given pair this will depend on the 
number of eggs laid by the female and the percentage of 
them that: are successfully fertilised by the male. Figure 2 
shows that, as in other amphibians’, the number of eggs 
laid by a female is related to her size; large females lay 
more eggs. 

As with all cases of external fertilisation, the male has 
the problem of timing his release of sperm so that it coin- 
cides with the female’s release of eggs. Precise synchrony 
of gamete release is presumably important for efficient 
fertilisation. In many anurans it seems that the stimulus 
for sperm emission is the passage of the extruding eggs 
over the venter, cloaca or feet of the male*. In some 
species, just before egg emission, the female arches her 
back to bring her cloaca in close contact with that of the 
male’, 

Figure 3 shows that the degree of matching in size 
between male and female affects fertilisation success. 
Where the male is relatively small compared with the 
> female the fertilisation success is lower than where the 
“partners are matched for size. We suggest that the most 
likely explanation for this relationship is that relatively 
small males are inefficient at detecting egg release and thus 
synchronising their timing of emission of sperm. Alter- 
natively where the cloaca of the male is not close to that 
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of the female, the sperm must have further to swim to 
reach the eggs and this may decrease fertilisation success. 

From the relationship between female length and egg. 
number (Fig. 2) and percentage fertilisation and relative 
size of male and female (Fig. 3), it is possible to calculate 
the optimum mate size for a male or female of any given 
size. To do this we assumed that what will be maximised 
is the number of fertilised eggs (tadpoles) produced per... 
breeding season. For any given pairing this is simply the _ 
number of eggs (calculated from female body length) 
multiplied by the percentage of these eggs that are suce | 


cessfully fertilised (determined by the relative size of the 


male and female). To achieve maximum fertilisation of 
their eggs, females should prefer the largest males. Males, _ 
on the other hand, should prefer a different optimum. For | 
any given sized male the number of fertilised eggs increases 
with female size up to a maximum and then declines. T hig 


is because with relatively small females he can achieve _ 


efficient fertilisation but small females produce only a few 
eggs, while at the other extreme, relatively large females. 
lay more eggs but the male can only fertilise a small prosi 


portion of them. To maximise the number of fertilised 


eggs, males should prefer females about 10-20 mm larger 
than themselves. 


Figure 4 shows that there is a conflict between the sexes 
in the optimal mate size for achieving the maximum: a 
number of fertilised eggs. The pairings we observed in the. 


wild mostly fall in between the male optimum and: the 
female optimum. Because females are on average larger. 


than males, the points tend to fall closer to the male. 


optimum. This, however, does not necessarily mean that 
the males are winning the battle of the sexes. The 
theoretical optima curves were calculated with the assump- 
tion that individuals will be selected to maximise the 
number of tadpoles produced per year. In long-lived species 
like toads, however, individuals may be prepared to sacri- 
fice maximal yearly reproduction if by so doing they 
increase their chance of survival to breed again in future 
years”. Indeed, offspring quantity may be an inap- 
propriate measure of fitness; we have ignored the possible 
importance of offspring quality (as determined, for 
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Fig. 3 The effect of relative male and female size (body length, 
snout to vent) in amplexing pairs of toads on the percentage of 
the eggs that are successfully fertilised. The smaller the male is 
relative to the female, the smaller the proportion of fertilised 
eggs. Pairs of toads were collected from the wild, parted and 
then formed into new pairs with various sizes of male and female 
in amplexus. Each pair was kept in a separate tank. The number 
of fertilised and unfertilised eggs were scored 15 d after egg 
laying. At this stage the fertilised eggs had developed into small 
tadpoles, while unfertilised eggs remained as unchanged spheres. 
None of 100 unchanged eggs examined microscopically from 
each pair had undergone any cell division. Fitted regression, 
y = 104.73x — 52.36. Correlation coefficient, r = 0.379, P < 0.02, 
When the effect of egg number on percentage fertilisation is 
partialled out, the effect of relative size is still significant 
(P < 0.05). Likewise, it is still significant (P < 0.02) when the 
effect of absolute size of male is partialled out. í 
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Fig. 4 The conflict between males and females in the optimum 
size of mate assuming that what is maximised is the number of 
fertilised eggs produced per year. The female line is a minimum 
because no experimental pairings were done with values greater 
than 1.1 (for male length divided by female length). If the line 
in Fig. 3 continued to rise with relatively larger males, then the 
female optimum curve should be shifted to the left so that larger 
males are preferred than is indicated. Observed pairings in the 
wild in the process of spawning (solid circles), fall in between 
the male and female optima. (Correlation coefficient, r = 0.567, 
P < 0.05.) 


example, by egg size‘). Finally we have examined mate 

“selection solely with respect to body size whereas it seems 
certain that other characters will also influence fitness. In 
spite of these reservations, as far as we know these data 
provide the only clear evidence, apart from that from one 
laboratory study'', that individuals can increase their fertility 
by non-random choice of mates. 
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Use of Ficoll-sodium metrizoate 
density gradient to separate 
human X- and Y-bearing spermatozoa 


SEVERAL claims have been made about the successful separation of 
Y-bearing spermatozoa in the past’. The most recent claim by 
Ericsson ef al? has been disputed?+. We have attempted to 
develop a method for separating human X- and Y-bearing 
spermatozoa, without affecting the motility or the variability of 
these vital cells. We report here a successful separation of human X- 
and Y-bearing spermatozoa using a two-step procedure with 
Ficoll-Sodium metrizoate density gradient. The motility and 
viability of enriched fractions of spermatozoa was found to be 
slightly reduced. The reduction was mainly due to centrifugation 
and not the density gradient. The ability to predetermine the sex of 
the offspring before conception would have great clinical and 
sociological significance’. 

Semen was collected from normal human volunteers. Only 
samples with a count of over 6 x 10” ml~! anda motility of at least 
50%, were used for the experiments. Experiments were performed 
within | h of sample collection. 

Ficoll-400 (Pharmacia) and sodium metrizoate (Nyeguard) 
density gradients were used for the separation. Each semen sample 
was diluted 20-fold with phosphate buffered saline (PBS), pH 7.2 
and centrifuged at 100g for 20 min. The spermatozoa were washed 
twice with the same buffer, in identical conditions. 

In a one-step separation technique the washed spermatozoa 
were suspended in PBS and made up to the original volume of the 
semen. The density gradient was prepared by mixing 2.4 ml of 8% 
Ficoll with 1.0 ml of 32.8%, sodium metrizoate. The density of this 
gradient was 1.08. The spermatozoa suspension was layered on 
Ficoll-sodium metrizoate density gradient and centrifuged for 
20 min at 100g. After centrifugation different layers were sep- 
arated and suspended in PBS, and the count adjusted to 10° ml > !. 
Smears of these suspensions were stained for the detection of the 
fluorescent body. 

In a two-step separation technique the first step separation was 
carried out as above. The enriched fractions obtained after the first 
step were again layered on 15% Ficoll of density 1.04. This was 
centrifuged for 10 minat 100g. The spermatozoa from the different 
layers were separated and smears were made for staining. 

A modification of the method of Barlow and Vosa® was used for 
staining the fluorescent body. The smears were air dried, fixed in 
methanol for 15 min stained by immersing the slides in 0.5°% 
quinacrine hydrochloride (Sigma) for 15 min and washed in 
running tap water. Excess dye was removed by immersing the slide 
in PBS at pH 5.6, for 15min. The slides were mounted in 
glycerolphosphate buffer (1:9), and examined under oil immersion 
with dark field condenser of Olympus fluorescent microscope with 
barrier filter Y-50 and exciter filter B,;. About 10 fields with a 
minimum of 100 spermatozoa were counted, from each slide, for 
the presence of the fluorescent body, 

After centrifugation with Ficoll-sodium metrizoate it was seen 
that some of the spermatozoa had settled down and there was a 
very clear interface which was also rich in spermatozoa. The 
sediment (S) was rich in Y-bearing spermatozoa, whereas the 
interface consisted mostly of X spermatozoa (I). The mean 
percentage of Y-bearing spermatozoa was 43+2.7% in un- 
separation (Table 1). The interface contained 74.7+2.9% X 
spermatozoa, whereas the percentage in unseparated suspension 
sprematozoa, whereas the percentage in unseparated suspension 
was 56.3 42.7%. 

In the two-step separation process the percentage of Y-bearing 
spermatozoa following the initial one-step separation (S,) was 
73.2 + 1.0% and this increased only to 76.9 + 2.1° after the second 
separation step (S,) (Table 2). The results of the one and two step 
separation procedures with different samples were very consistent. 
Table 3 shows the percentages of X-spermatozoa before and after 
two-step separation. The mean percentage of X spermatozoa in the 
unseparated sample was 54.2+3.2. The first step procedure 
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Table 1 Percentages of X- and Y-bearing spermatozoa separated on Ficoll-sodium metrizoate density gradient (1.08) and centrifuged for 20 min 


°. Y spermatozoa in 


Experiment washed samples following 
no. before separation separation (S) 

I 41.9 70.4 
2 46.6 70.8 
3 42.6 72.4 
4 43.3 72.7 
5 39.8 778 
6 41.9 72.4 
7 45.8 72.7 
8 48.4 73.2 
9 43.0 74.5 

Mean +s.d. 43.74+2.7 72.842.2 





% Y spermatozoa 


%4 X spermatozoa % X spermatozoa 


before after 
separation (1) separation 
58.1 68.9 
53.4 73.3 
$7.4 73.8 
56.7 78.4 
60.2 77.8 
58.1 77.6 
54.2 74.6 
51.6 74.2 
57.0 © 74.1 
56.3 42.7 74.7+2.9 








Spermatozoa were washed twice with PBS pH 7.2 before layering on density gradient. 


yielded a fraction containing 74.7+2.9 and the second step 
80.6 +6.3 of X spermatozoa. 
Our results demonstrate that the percentage of Y-bearing 
“gprematozoa in fractions S; and S, and that of X spermatozoa in 
fractions I, and I, are considerably higher than in unseparated 
samples. It is known that spermatozoa in the semen of normal 
fertile human males, showconsiderable heterogeneity’. The X-and 
Y-bearing spermatozoa so separated seemed to be uniform in size 
and shape in each of the concerned fractions. 


oo 
‘it may be assumed that the calculated percentage of the Y- | 


spermatozoa in the one step procedure might be about 82% and in 
two-step separation it might be as high as 86%, 

The Ficoll-sodium metrizoate density gradient has been used 
extensively for the separation of lymphocytes without any func- 
tional damage to cells’. Ficoll has also been used for washing 
spermatozoa!®, and is known not to damage the cells. We have 
carried out a few experiments to check the motility and viability.of 


spermatozoa following separation. We found that the original o 





Table 2 Percentage of Y-bearing spermatozoa following two-step separation 


Experiment °% Y spermatozoa 
no. before separation 
1 41.9 
2 45.8 
3 48.4 
4 43.0 
5 41.3 
6 46.3 
7 44.2 
Mean s.d. 44.442.6 


% Y spermatozoa 
following two-step 
separation (S,) 


% Y spermatozoa 
following one-step 
separation (S,) 


72.4 80.9 
72.7 75.9 
73.2 779 
74.5 77.8 
74,2 75.0 
71.6 75.0 
73.5 76.0 
73.2+1.0 76.942.) 





The first separation (S,) was carried out by layering washed spermatozoa on Ficoll-sodium metrizoate gradient of density 1.08. The spermatozoa thus 


separated were again layered on 15% Ficoll of density 1.04(S,). 


It is of interest to note that the mean percentage of Y-bearing 
spermatozoa in semen samples used in the first set of experiments 
was 43.7 + 2.7% and in the second set of experiments 44.4 + 2.6% 

It is generally accepted that 50% of spermatozoa possess Y 
chromosomes. The lower percentage of Y-bearing spermatozoa 
observed by us could be due to the fading of fluorescence. It could 
also be that the ratio was low because of the difficulty of resolving 
fluorescent body which lies within the dense chromatin®. Yet, 
another reason may be the low uptake of the fluorescent dye by 
some spermatozoa®. If we take all these factors into consideration 


motility (85%) was slightly reduced (75%) after the first centrifu-. 
gation, and motility was further reduced to 58% after another 

centrifugation with PBS. But, when spermatozoa were layered on 
Ficoll-sodium metrizoate and centrifuged, motility was 65% and 


70°% in the interface and the sediment fractions respectively. Thus: : 


the gradient has a protective action on the cells, preserving sperm 
motility. Viability was slightly reduced after two centrifugations, 
however. This reduction in motility and viability is mainly due to.. 
centrifugation and not due to the effect of density gradient. It has 
been reported!! that following artificial insemination (AI) there 





Table 3 Percentage of X-bearing spermatozoa following two-step separation 


Experiment % X spermatozoa 
no. before separation 


58.1 
54.2 
51.6 
57.0 
48.7 
53.7 
55.8 


HO Un de WB e 


Mean +s.d. §4.243.2 


wX Spermatozoa 
following two-step 
separation (1,) 


S X spermatozoa 
following one step 
separation (1,) 


77.6 94.4 
74.6 80.5 
74.2 76.5 
74.1 76.6 
78.8 78.8 
69.8 77.2 
73.5 80.2 
74.7429 80.6+6.3 








The first separation (1,) was carried out by layering washed spermatozoa on Ficoll-sodium metrizoate gradient of density 1.08. Spermatozoa thus 


separated were again layered on 15% of Ficoll of density 1.04 (1,). 






$9". 
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was an increased number of female offsprings when insemination 
was carried out 3-4 days before ovulation and an increased 
probability of males as the ovulation approached. The probability 
of producing offspring ofa desired sex would be enhanced if Al was 
carried out at the appropriate time!!. 
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Antigen expression on early mouse trophoblast 












THE mammalian foetus inherits paternal as well as maternal 
genes and can be considered to constitute a naturally 
occurring and highly successful allograft'. It has been 
suggested that an important factor in the survival of the 
foetus in an immunocompetent histoincompatible mother 
might be the presence of an antigenically deficient barrier 
of foetal trophoblast cells’™‘. Cell surface antigens deter- 
mined by minor (non-H-2) histocompatibility loci have been 
demonstrated on cleavage stage mouse embryos’, and sub- 
sequently major (H-2) as well as non-H~2 determinants 
have been detected on the trophectoderm of pre-implanta- 
tion mouse blastocysts’. The expression of these antigens, 
however, is considerably reduced, below detectable levels 
in the case of H-2, on blastocytes which have been activated 
for implantation from a state of experimentally induced 
delay*”. In addition, immunofluorescence®, immuno- 
peroxidase’ and mixed haemadsorption (MHA)’ studies 
have failed to demonstrate histocompatibility antigens on 
the trophoblast component of blastocysts cultured as out- 
growths in vitro, In contrast to all these findings, however, 
a recent report has claimed to demonstrate both maternally 
and paternally inherited antigens on blastocyst outgrowths 
by means of an MHA technique", We have now confirmed 
this report and reconciled the apparently contradictory 
results by investigation of the identity of the antigens 
expressed by the trophoblast at this early stage of its dif- 
ferentiation in four mouse inbred strains. 

Blastocysts from spontaneously ovulating females were 
collected approximately 80h after mating by flushing the 
excised uteri with phosphate-buffered saline (PBS). After 
removal of the zona pellucida by digestion with 0.5% 
Pronase, embryos were cultured in groups of four or five 
in the wells of plastic migration plates (Sterilin) under 
RPMI 1640 medium. MHA tests were performed after 96h 
in culture. Blastocyst outgrowths were incubated for 2h 
with various dilutions of specific alloantisera either obtained 
commercially (Searle Diagnostic) or raised between inbred 
strains of mice by sequential intraperitoneal injections of 
adult spleen cells. After thorough washing with PBS, a 
0.5% suspension of freshly prepared indicator sheep red 
cells (ISRC)" was added to the cultures and incubation con- 
tinued for a further 1h. Cultures were finally washed in 
PBS and examined by phase contrast microscopy for ad- 
herence of ISRC. Scoring was based on a visual assessment 
similar to that described by Hausman and Palm” and was 
confirmed by an independent observer. The outgrowths were 
subsequently fixed in 2.5% glutaraldehyde and stained with 
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Giemsa as a permanent record. The results are summarised 
in Table 1. 

Although both CBA and CS57BL outgrowths showed 
strongly positive adherence of ISRC after incubations with 
antisera raised against multiple (H-2+non-H-2) or minor 
(non-H-2) specificities, no adherence was noted when anti- 
sera raised between strains congenic for H-2 were used. The 
results imply that the reactivity previously reported with 
these strains’ is not due to antigens specified by the major 
histocompatibility complex (MHC). Similar adherence was 
not observed on A outgrowths when tested with an anti- 
serum against multiple specificities raised in C57BL mice, 
thus confirming earlier results using this strain combina- 
tion’, 

CBA anti-CS7BL antiserum detects non-H-2 antigens on 
B10.BR outgrowths, which is probably a reflection of the 
common genetic background of the C57BL and B10.BR 
strains", and also detects non-H-2 antigens on A strain 
trophoblast. Non-H-2 antigens, however, cannot be detected 
on A outgrowths by either C57BL anti-A or C57BL anti- 
CBA antisera, even though the latter, adsorbed to remove 
activity against H-2 antigens, is strongly positive in MHA 
tests against monolayer cultures of A strain embryonic 
fibroblasts (unpublished observations). Conversely, the 
C357BL anti-A antiserum, which is negative for A out- 
growths, gives a weakly positive reaction with CBA out- 
growths, implying that non-H-2 antigens expressed by adult 
A strain spleen cells and shared by CBA outgrowths are 
nevertheless not expressed on A strain trophoblast. This 
reactivity is unlikely to be a result of shared H~2* speci- 
ficities since CBA outgrowths do not react with the congenic 
anti-H-2* serum. Since outgrowth from F, hybrid blasto- 
cysts of reciprocal CBAXA matings continue to express 
CBA-associated antigens, of both maternal and paternal 
origin (unpublished observations), and A outgrowths express 
non-H-2 antigens detected by CBA anti-C57BL antiserum, 
it is unlikely that any gross masking effect is responsible for 
the non-expression on A outgrowths of those non-H-2 anti- 
gens which are shared by CBA trophoblast and adult A 
strain tissues. It is therefore clear that H-2 antigens are not 
expressed on trophoblast at this stage of development and 
also that there are strain differences in the expression of 
non-H-2 antigens. f 

It has been recognised that determinants controlled by 
the MHC are involved in the interaction of T lymphocytes 


ee ee 
Table 1 Detection of cell surface antigens on trophoblast of blasto- 
cyst outgrowths by mixed haemadsorption assay (MHA) 





Target outgrowth 





Antiserum Antigens CBA C57BL A BIO.BR 
detected (H-2k) (H-2b) (H-2kd) (H~2k) 

CS57BL H-2k + SA a = = = 

anti-CBA non-H-2 

CBA H-2b+ ad EF te HE 

anti-C57BL non-H-2 

C57BL H-2kd+ + — —— ND 

anti-A non-H-2 

CS7BL/10ScSn H-2k - 

anti-B10.BR 

B10.BR anti- H-2b —_ — — — 

CSTBL/1O0ScSn 

CS7BL anti- non-H-2 +++ ND — ND 

CBA (abs)* only 





+--+, Heavy adsorption of ISRC on all trophoblast cells. + +, 
moderate adsorption of ISRC on > 80% of trophoblast cells. +, 
light adsorption of ISRC on > 50% of trophoblast cells. —, no 
adsorption of ISRC. (Occasionally one or two cells in some out- 
growths showed strong adsorption. These were very likely of inner 
cell mass origin.) ND, not determined. Each result is based on ob- 
servation of not less than 10 outgrowths. 

*CSTBL anti-CBA antiserum was adsorbed twice against equal 
volumes of washed B10.BR lymphoid cells. Each adsorption was for 
ih at 37 °C and the resulting serum had no residual activity against 
H-2k as measured by MHA on B10.BR embryonic fibroblasts. 
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with non-MHC antigens”. Lack of reactivity of blastocyst 
outgrowth trophoblast with antisera which are probably 
directed against the products of the entire MHC may imply 
an absence not only of those determinants which are necess- 
ary for efferent recognition by cytotoxic T lymphocytes 
(K and D region determinants) but also of those which are 
necessary for T-cell sensitisation (the I region associated 
Ia antigens)”. Thus the absence of MHC products may 
enable the trophoblast to fulfil an immunological barrier 
function because it is unlikely that the expression of non- 
MHC antigens could render it susceptible to damage by 
maternal T cells. The possible interplay between these 
components of the trophoblast cell surface and other types 
of maternal immune response as well as their potential 
involvement in developmental interactions with maternal 
and/or foetal cells is unexplored. 

It must be emphasised that these findings relate only to 
the trophoblast of the blastocyst outgrowth, for the anti- 
genic status of trophoblast is not constant throughout its 
ontogeny and differentiation®*. This probably reflects a 
changing functional role for this tissue in the materno- 
foetal immunological relationship. 
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Ly-6 is a T-cell differentiation antigen 


THERE is ample evidence that membrane antigenic markers 
change as the cells differentiate along a given pathway. Thus 
a B cell acquires. its receptors, immunoglobulin, as it 
matures to a functional state. Yet other membrane markers 
are acquired as cells differentiate from precursor to the 
activated effector cell stage. For example, the membrane 
alloantigen Pca~1 is acquired as B cells become antibody, 
forming cells’. Another example is the alloantigen Ala-1, 
presented on activated lymphocytes of both T- and B-cell 
series, but not on resting cells’. Suppressor cells are lysed 
by anti-Ia antisera while their precursors are not‘, suggest- 
ing either the acquisition of Ia antigens on activation, or a 
change in susceptibility to lysis. This is of interest as the 
active molecules of suppresion, ‘suppressor factors’, them- 
selves bear Ia antigens’. Thus, in this instance there is the 
acquisition of a membrane marker which is also present in 
the functional effector molecule. McKenzie and his col- 
leagues recently described a new T-cell alloantigen, Ly-6, 
which is expressed on the majority of peripheral T cells but 
only on a small proportion of thymocytes’. Using antiserum 
directed against Ly—6.2 we have published evidence suggest- 
ing that this antigen is present on cytotoxic effector cells’. 
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In the work presented here we extend those investigations, 
showing that while Ly-6 is present on cytotoxic effector 
cells it is absent from precursor cells, unlike the Ly-1, 2, 3 
antigens where precursor cells usually carry the same anti- 
gens as effectors’. These observations suggest that Ly-6 can 
be considered as a unique T cell-restricted differentiation 
antigen that evolves fairly late in the maturation scheme, 
at least for killer cells. 

When various antisera, directed against cell surface allo- 
antigens were used to phenotype the cytotoxic effector cells © 
(Fig. 1), we found that AKR (Ly-1.2) killer cells express ~~ 
the phenotype Thy-1* Ly-1°2*3*5*6*, although in other .. 
studies using Ly-1.1 positive strains, such as CBA, killer 
cells bear the phenotype Thy-1* Ly-1*2*3* (refs 2, 9). To... 
study the phenotype of the precursor cell it was necessary to 
treat normal spleen cells with the various antisera and 
complement and then examine the ability of the remaining 
cells to generate cytotoxic effector cells. The results of three 
such experiments are shown in Table 1. The data on total 
activity indicate that the reduction in killing capacity seen 
in the populations treated with anti-Ly-2.1 or anti-Thy—1.1 
is not the result of poor culture viability. It is clear that 
the phenotype of the killer cell precursor is Thy-1* 
Ly-1°2'6 indicating that the alloantigen Ly-6 is either not - 
carried on the precursor cells, or that the amount of antigen 
present is not sufficient to mediate complement dependent 


lysis. A third possibility would be that these particular cells 


are resistant to complement lysis, however, this is unlikely as... 
the cells are susceptible to lysis by other alloantisera of the 
same titre such as anti-Thy—1 and anti-Ly-2. In two experi- 
ments (data not shown) the anti-Ly-6 was used two- and . 
fourfold more concentrated than necessary to have plateau. 


level killing. Results of these assays were similar to those ` 


shown. Treatment, however, of normal cell populations using 
alloantisera at plateau levels of cytotoxicity fails to eliminate 
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° Isotope release 





0 3T OS 15 30 
Killer target ratio 


Fig. 1 Treatment of cytotoxic effector cells with various allo- 
antisera and complement. AKR spleen cells (H-2*, Thy-1.1, 
Ly-1.2, Ly-2.1, Ly-5.1, Ly-6.2) at 10x10° per ml were 
incubated with 3x10° irradiated (2,000 rad) BALB/c (H-2*) 
spleen cells for 6d in Marbrook tissue culture flasks. The cells 
were collected and aliquots placed in tubes containing 3 x 10° 
viable cells. The cells were treated with 0.3 ml of alloantiserum, 
used at plateau levels of cytotoxicity, for 30min at 37°C, 
washed, and then treated with 0.3 mi complement diluted to 10%, 
controls included cells treated with media or complement only. 
The treated cells were then resuspended to 0.5 ml and serially 
diluted in microtitre plates. Chromium labelled P815 (H-2*) 
mastocytoma cells were used as targets, and were added such 
that the highest killer target ratio was between 20 : 1 and 30:1. 
After initial centrifugation at 200g the assay was incubated for 
4h at 37°C, centrifuged again, and 100 ul of supernatant 
aspirated for counting. The % isotope release is calculated as 
for Table 1. The data are expressed as the mean % isotope release 
of duplicate values + s.e.m. Antisera—a Ly-1.2, A; no 
addition, O; C’, Q; « Ly-2.1, A; a Ly-6.2, W; o Ly-5.1, @; 
a Thy-1.1, ¢. 
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Table 1 Effect of pretreatment of normal spleen celis with alloantiserum and complement on ability to generate cytotoxic effector cells 





Treatment of normal spleen cells 





% Isotope release (total activity) 





Experiment 1 Experiment 2 Experiment 3 
Nil 90+0.5 (1,260) 60+3 (1,020) 70+5 (1,008) 
C’ alone 83+3.0 (1,162) 58+2( 986) 60+1( 678) 
Anti-Ly-1.2+C’ 81+-2.0 1,134) 70 +4 (1,470) ND 
Anti-Ly-2.1 +C 52+1.0( 899) 20+:2( 300) ND 
Anti-Ly-6.2+-C’ 8441.0 (1,130) 54 +3 (1,080) 57+1(¢ 974) 
Anti-Thy-1.1+C’ 48+1.0¢ 614) 18-+3( 270) 1641( 142) 


Seenen 


30 x 10° normal AKR spleen cells (H-2*, Thy-1.1, Ly-1.2, 2.1, 6.2) were treated with various alloantisera, used at plateau levels of cyto- 
toxicity, and rabbit serum, absorbed with mouse spleen cells, as a source of complement. The cells remaining after a two-stage cytotoxicity 
procedure were adjusted to 10x 10° cells per ml and incubated with 3 x 10° irradiated (2,000 rad) BALB/c (H-2) spleen cells, for 6 d in a 
Marbrook tissue culture chamber. The cells were collected and tested for their ability to lyse chromium labelled P815 (H-2*) mastocytoma 
cells in a 4-h assay. A peak killer target ratio of 20: 1 was used, with serial dilutions of the effector cells (not shown). The data in each 
experiment shown for the 20 : 1 ratio are also valid for each of the serial dilutions. The % isotope release was calculated using the formula 


% isotope release = 


Experimental value— medium background x 100 


. Detergent release — medium background 
Total activity = % viable cell yield x % isotope release at 20 : 1 K:T ratio. Values are mean + s.e.m. ND, Not determined, 


all of the precursor cells. This is not surprising as the actual 
precursors are likely to be heterogeneous with regard to 
the amount of antigen expressed on the cell surface and as 
some might escape antiserum treatment. This might be 
expected in the case of weak alloantisera where the effective 
antibody is in low concentration. An alternative view is that 
if only a small percentage of precursors escape kill these 
may still give a surprisingly high response because feedback 
controls provided by the missing cells are now lacking. 

Figure 2 shows the results of experiments in which cyto- 
toxic effector cells were generated from anti-Ly-6.2 treated 
spleen cells. The killer cells were then retested for pheno- 
type using the various alloantisera. It is clear that the 
phenotype Thy-1* Ly-172*6* is identical to killer cells 
generated from untreated spleen cells. This suggests that 
only one pathway is open for the maturation of killer cells, 
and that at least for the allogeneic system, only one type of 
cytotoxic cell can be generated in that they are all Ly-6*. 
Replicate experiments have given similar results. 

Mouse strains used for producting anti-Ly-6.2 also differ 
at Ala-1, hence a theoretical possibility exists that Ala—1.2 


Fig. 2 Treatment of cytotoxic effector cells generated from 
anti-Ly-6.2 treated spleen with various alloantisera. 120x 10° 
normal AKR (H-2*, Thy-1.1, Ly-1.2, Ly-2.1, Ly-6.2) spleen 
cells were treated with anti-Ly—6.2 and complement. The viable 
cells (10 x 10° per ml) were incubated with 3 x 10° per ml irra- 
diated (2,000 rad) BALB/c (H~2*) spleen cells for 6d in 
Marbrook tissue culture flasks. The cells were collected and 
aliquots placed in tubes containing 2 x 10° viable cells. Treatment 
with the various alloantisera and assay for cytotoxic activity 
were as for Fig. 1. Symbols as in Fig. 1. 
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contaminates our anti-Ly—6.2, although the former alloanti- 
sera is produced by immunisation with mitogen-activated 
cells, and the latter with resting spleen and lymph node 
cells, which should not carry the Ala—1 antigens. The results 
of an experiment designed to answer this question are shown 
in Table 2. After five absorptions of anti-Ly-6.2 with 129 
mouse spleen cells (Ly-6.2, Ala-1.1) the ability to lyse 
killer cells was essentially gone indicating that the major 
cytotoxic activity of anti-Ly-6.2 is directed against that 
alloantigen, and that any anti-Ala activity present is at best 
very weak. The reduction of activity in anti-Ly—6 absorbed 
with CBA spleen cells probably represents some dilution as 
well as passive absorption, to be expected when multiple 
absorptions are performed. 

In addition to the implications with regard to the diversity 
of T cells, our findings suggest that Ly—6 is a differentiation 
antigen for cytotoxic effector cells. Whether this holds true 
for other functional T cells such as suppressor cells and 
helper cells is under study. If Ly—6 is a differentiation anti- 
gen for effector T cells one might wonder why it is cytotoxic 
for such a large number of peripheral T cells. It could well 
be that the majority of peripheral cells are in fact memory 
cells for helper, suppressor or killer populations awaiting 
reactivation with antigen and hence might be susceptible to 
Ly-6 treatment. One might predict that Ly-1*° helper cells”, 
Ly-2*3* suppressor cells and Ly—1*2*3* killer cells’, will 
be sensitive to anti-Ly—6.2 in contrast to their precursors. 





Table 2 Ability of anti-Ly~6.2 to lyse cytotoxic effector cells after 
absorption with spleen cells from various mouse strains 





(Ly-6.2* 
Ala~1.2*) 
effector % Isotope 
Alloantiserum Spleen cell absorption C cells release 
— —- 3x 10° 





—- — + 3x10 
Anti-Ly-6.2 ~ + 3x 108 
Anti-Ly-6.2 CBA (Ly--6.1, Ala~1.1) + 3x 108 
Anti-Ly-6.2  CS57BL (Ly-6.2, Ala-1.2) + 3x10 
Anti-Ly-6.2 129 (Ly-6.2, Ala-1.1) + 3x 108 
Anti-Thy-1.1 —- + 3x10 


Aliquots of 0.5 ml of a 1/10 dilution of anti-Ly-6.2 were absorbed 
five times with packed spleen from various mice. Each absorption 
used 10 volume °% packed spleen cells, incubating with the antiserum 
for 45 min at 37 °C, followed by centrifugation to remove the cells 
and repeating the process. After the final absorption each serum 
was incubated with 3 x 10° cytotoxic C57BL (H-2°, Ly-6.2, Ala~1.2) 
effector cells for 30 min at 37 °C. The cells were washed and incu- 
bated for a further 45 min with 0.5 m! of spleen absorbed rabbit 
complement diluted to 10%. After washing, the cells were resuspended 
to equal volumes and serially diluted in microtitre plates. The assay 
for cytotoxic activity was identical to that described in Fig. 1. 

*Indicates that samples are not significantly different (P > 0.05). 
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Regulation of requirements for 
anchorage-independent growth of Syrian 
hamster fibroblasts by somatic mutation 


Tue ability of mammalian cells to form colonies following 
suspension in semisolid agar, termed ‘anchorage independ- 
ence’, is a phenotypic characteristic associated with cells 
transformed by oncogenic viruses and chemical carcino- 
gens'™’. Because this phenotypic characteristic has been 
correlated with tumorigenicity?*, colony formation in 
semisolid agar is used frequently as a quantitative in vitro 
assay for neoplastic transformation, especially in studies in 
Syrian hamster cell systems*’. It is therefore important to 
understand the molecular and physiological basis of this 
phenotype. If the expression of this phenotype can be 
altered by somatic mutation of identifiable genes, informa- 
tion can be gained concerning the mechanism of anchorage- 
independent growth in vitro and its exact relationship to 
tumorigenicity and malignancy in vivo. We have investigated 
the ability of cells of the highly tumorigenic Syrian hamster 
fibroblast line, BP6T (ref. 9) to form colonies when sus- 
pended in semisolid agar. Cells of this line produce fibro- 
sarcomas in 100% of newborn Syrian hamster inoculated 
with ten cells. In addition to anchorage-independent growth, 
BP6T cells also exhibit other in vitro characteristics of neo- 
plastic transformed cell lines, such as increased plating 
efficiency in liquid medium at low cell densities, and en- 
hanced fibrinolytic activity’. In this communication, we 
report that the ability of this Syrian hamster line to form 
colonies in semisolid agar is dependent on its utilisation of 
exogenous purines by way of the hypoxanthine phosphori- 
bosyltransferase (HPRT, E.C.2.4.2.8.)- and adenine phos- 
phoribosyltransferase (APRT, E.C.2.4.2.7.)-mediated salvage 
pathways. Furthermore, this anchorage-independent pro- 
perty can be inhibited by a somatic mutation at the HPRT 
locus. 

Supplementation of semisolid agar medium with either 
bactopeptone or bactotryptose is a routine procedure when 
semisolid agar is used as a test medium for anchorage- 
independent growth’*. We found that in the absence of 
bactopeptone, the ability of BP6T to produce colonies in 
semisolid agar was greatly influenced by the density at 
which the cells were suspended in the agar-containing 
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medium. At plating densities of less than 10° cells per plate, 
colony formation was less than 0.1%. As shown in Table 
1, however, supplementation of the agar suspension with 
0.12% bactopeptone permitted a colony-forming efficiency 
of 80% when 10-100 total cells were plated in each dish. 
With bactopeptone, when the plating inoculum was in- 
creased above 10’ cells, the efficiency of colony formation 
declined, decreasing to a value of approximately 30% at an 
inoculum of 10° cells (Table 1). This reduction in the effi- 
ciency of colony formation with increasing cell density may 
have resulted both from the convergence of colonies and 
the competition for growth factors contained in the foetal 
calf serum and bactopeptone supplements. 

Since bactopeptone has been reported to contain both 
hypoxanthine, and the unusual purine, 6,8-dihydroxy- 
purine’*", we examined the ability of hypoxanthine and 
other purines to replace the bactopeptone requirement. 
Table 2 demonstrates that hypoxanthine (4x10 M) was” 
effective in permitting colony-forming efficiency of 30-42%, 
whereas guanine (4X 107° M), was only partially effective, 
giving a colony-forming efficiency of approximately 20%. 
Xanthine, which is an inefficient substrate for hamster 
HPRT (ref. 7), did not support colony formation in agar. 
These results indicated that hypoxanthine or guanine could 
replace the bactopeptone requirement for efficient colony 
formation in semisolid agar. 

Since the utilisation of hypoxanthine and guanine is 
catalysed by the salvage enzyme HPRT, we examined the 
ability of several independently isolated HPRT-deficient 
strains of BP6T to form colonies in bactopeptone— 
supplemented agar. Three spontaneously occurring (sub- 
clones 1-3) and three N-methyl-N’-nitro-N-nitrosoguani- 
dine-induced (subclones 4-6) HPRT-deficient colonies were 
isolated from BP6T following independent selections in 
1-Sug ml! 6-thioguanine. Each of these subclones of 
BP6T contained less than 1% of the parental HPRT 
activity, as assayed by the ability of intact cells to incor- 
porate “C-hypoxanthine into an acid-precipitable form”. 
Moreover, these strains maintained their HPRT-deficient 
phenotype for at least 40-50 population doublings in the 
absence of 6-thioguanine, with a reversion frequency less 





Table 1 Effect of cell density and bactopeptone supplement on 
colony formation efficiency in semisolid agar 


BP6T cell Colony 
Condition number Colony formation 
seeded number efficiency 
With 
bactopeptone 0.12% 10 9 90 
100 80 80 
200 103 50 
500 186 37 
1,000 260 26 
Without 
bactopeptone 100 0 0 
1,000 0 0 
10,000 > 300 > 3 





The cell culture medium used was IBR modified Dulbecco’s Eagle 


reinforced medium (ERM) (Biolabs, Northbrook, Illinois) supple- 
mented with 0.22 g% NaHCO, and 10% Rehatuin F.S. foetal bovine 
serum (RFS) (Reheis Chemical, Kankakee, Illinois) without anti- 
microbial agents. Cells were transferred by a gentle trypsinisation 
with 0.1°% trypsin solution (1:250, Gibco, Grand Island, New York) 
for 5 min at 36.5 °C. Agar cultures contained 3 ml base agar (0.6% 
agar dissolved in the above tissue culture medium) and 4 ml semisolid 
agar (0.3-0.4% agar dissolved tissue culture medium) in 35-mm or 
60-mm diameter plastic Petri dishes. Before suspension in agar, cells 
were trypsinised and diluted into tissue culture medium, The cell 
number in the suspension was counted using a Coulter counter; a 
pre-determined number of cells was then suspended in the semisolid 
agar solution at temperatures between 37 and 40 “C, and the agar 
solution poured just before solidification. Agar cultures were incu- 
bated in a 37 °C incubator in a 5% CO, atmosphere at 90% relative 
humidity. At the end of 12-14 d, the number of colonies was counted 
under a light microscope. Each assay condition was measured in 
triplicate and the averaged results reported, 
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Table 2 Effect of purines on colony formation efficiency in semisolid agar by wild-type HPRT™ strains of BP6T cells 





Cell strain Agar supplement 


BP6T (wild-type) None 
Hypoxanthine 4 x 10-5M 
Hypoxanthine 4 x 10-°M 
Hypoxanthine 4 x 105M 
Guanine 4x 10 >M 
Guanine 4 x 10M 
Xanthine 4 x 105M 
Xanthine 4x 10-°M 
Adenine 4 x 10-°M 
Adenine 4 x 10 >M 
Bactopeptone 0.12% 
Bactopeptone 0.12% 
Hypoxanthine 4 x 10-°M 
Hypoxanthine 4 x 105M 
Adenine 4 x 10-°M 
Adenine 4 x 10M 
Bactopeptone 0.12% 
Bactopeptone 0.12% 
Bactopeptone 0.12% 

-+ adenine 4x 10-°M 

-++ adenine 4 x 1075M 


BP6T subclone 4 (HPRT~) 


*BPOT subclone 5 (HPRT `) 





Cell number seeded Colony number Colony formation efficiency 
(%) 
1,000 0 0 
250 106 42 
600 223 37 
1,000 > 300 > 30 
500 96 19 
1,000 212 21 
500 0 0 
1,000 2 <1 
500 234 47 
1,000 300 > 30 
500 0 0 
1,000 0 0 
500 0 0 
1,000 0 0 
500 159 32 
1,000 254 25 
550 0 0 
1,000 <1 <1 
550 142 26 
1,000 268 27 





than 2x107 (as measured by their sensitivity to medium 
containing hypoxanthine 13.6 #g ml’, amethopterin 0.19 
ng ml and thymidine 3.9 wg mI (ref. 11). 

The ability of these HPRT-deficient strains of BP6T to 
form colonies in bactopeptone-supplemented agar (Table 
3) was either greatly diminished or totally lacking at 





Table 3 Effect of HPRT deficiency on colony formation in semisolid 





agar* 
Colony 

Cellnumber Colony formation 

BP6T strain seeded number efficiency 
/o 
BP6T (wild type) 200 103 50 
500 186 37 
1,000 260 26 
BP6T subclone | (HPRT~) 500 0 0 
BP6T subclone 2 (HPRT~) 550 6 1 
BP6T subclone 3 (HPRT~) 500 3 <1 
BP6T subclone 4 (HPRT~) 1,000 1 <1 
BP6T subclone 5 (HPRT™) 1,000 1 <l 
BP6T subclone 6 (HPRT~) 1,000 l1 1 





* The semisolid agar media were all supplemented with bacto- 
peptone, 0.12%. 


plating densities of less than 10° cells. After 14 d incubation, 
200-500 BP6T cells produced colonies at an efficiency of 30- 
50% (Table 3), whereas 500-1,000 HPRT-deficient cells 
from six individual clones produced either one or no 
colonies (subclones 1, 4 and 5) or from three to eleven 


colonies (subclones 2, 3 and 6). This represents minimally 
a 50~-300-fold decrease in colony-forming efficiency in the 
HPRT-deficient strains compared with the wild-type BP6T 
strain. 

When the wild-type BP6T and the HPRT-deficient strains 
were assayed by the same procedure” for “C-adenine 
incorporation by way of the APRT pathway, all the HPRT- 
deficient strains incorporated adenine into acid-precipitable 
material at a level comparable with the parental BP6éT 
wild-type strain. This result indicated that the HPRT- 
deficient strains possessed a functional adenine salvage path- 
way. Since HPRT-deficient strains of BP6T cells retained 
the ability to salvage adenine and consequently the ability 
to convert AMP to other purine nucleotides (IMP and 
GMP), we examined the ability of adenine to support col- 
ony formation by these deficient cells in bactopeptone- 
supplemented agar. Table 2 shows that HPRT-deficient 
strains (subclones 4 and 5), which did not form colonies in 
semisolid agar supplemented with either bactopeptone or 
hypoxanthine, regained the ability to form colonies in agar 
at 24-34% efficiency after the addition of adenine 4x 107° 
M). Adenine was also found to support colony formation 
by the wild-type BP6T strain in unsupplemented agar, as a 
replacement for bactopeptone (Table 2). 

These results indicate that the malignant Syrian ham- 
ster fibroblast cell line, BP6T, requires exogenous purines 
and appropriate functional salvage enzymes to form 
colonies efficiently in semisolid agar. Other in vitro pro- 
perties of this cell line, such as cloning efficiency in liquid 
medium and enhanced fibrinolytic activity were essentially 





Table 4 Summary of in vitro properties of Syrian hamster cell lines 











Colony-forming efficiencyt 


Cell type Genotype CE* Fibrinolysis} in semisolid agar Tumorigenicity§ 
Syrian hamster HPRT* 2-6% (-) 0% = 
embryo cells 
BP6T HPRT* 80% + 50-80% + 
BP6T subclone 5 HPRT- 4i% + <1% + 
BP6T subclone 6 HPRT~ 61% + ws ND 





* CE is cloning efficiency in liquid medium. 








+ Fibrinolytic activity was measured both in the extracellular medium and in cell lysates by procedures described. previously*. 

{The semisolid agar media were supplemented with 0.12% bactopeptone only. Values for the BP6T derivatives were taken from Table 3. 
Syrian hamster embryo cells exhibited no colonies when 10° cells were tested. 
_ § Tumorigenicity was measured by subcutaneously injecting 0.1 ml complete medium containing varying concentrations of cells into non- 
immunosuppressed neonatal littermates (1-3-d-old) of outbred Syrian hamsters (Lakeview). Injection of 10° Syrian hamster embryo cells 
produced no tumours, whereas injection of 10? cells of BP6T and BP6T subclone 5 produced tumours. 


! 
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unaltered by the forward mutation at the HPRT locus 
(Table 4). Additionally, the population-doubling times and 
cell saturation densities were unchanged (data not shown). 
It would be interesting to revert HPRT-deficient strains to 
HPRT* to see if growth in agar supplemented only with 
hypoxanthine is regained. To date, however, attempts to 
isolate HPRT* revertants of these strains have been un- 
successful. 

Previous studies have shown that virally transformed 
derivatives of BHK 21 clone 13 (an established cell line of 
Syrian hamster origin) also require exogenous purines to 
support colony formation in agar, although not in liquid 
medium*?, Furthermore, ‘normal’ BHK cells (which in- 
duce tumours with high numbers of injected cells*) can be 
stimulated to form colonies in semisolid agar if thymidine is 
supplied in addition to the required: purine supplement*. In 
contrast to our findings with BP6T, we observed no depend- 
ence on purines or purine salvage enzymes for anchorage- 
independent growth by HPRT- and APRT-deficient mouse 
fibroblast strains (data not shown). This finding suggests 
that in vitro requirements for anchorage-independent 
growth may vary between cells of different species origin. 

Recently, stable variants which have lost certain in vitro 
phenotypes often associated with neoplasia have been 
isolated after treatment with mutagens’'’*. Such studies 
frequently rely on assumed correlations between demon- 
strated cellular alterations in vitro and tumorigenicity in 
vivo. Our results demonstrate that somatic mutation in 
tumorigenic Syrian hamster cells can lead to altered anchor- 
age requirements for cellular growth, although the tumor- 
igenic potential of these cells need not be lost (Table 4). 
Therefore, alterations in requirements for -anchorage- 
independent growth in vitro may not necessarily correlate 
with malignancy. 
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Rapid induction of amphotericin B 
sensitivity in L1210 leukaemia cells 


by liposomes containing ergosterol 
..AMPHOTERICIN B is a polyene antibiotic whose clinical use 
has been limited to the treatment of fungal infections. The 
mode of action of amphotericin B is believed to involve 
damage to cell membranes containing certain sterols’’?. 
One sterol of primary importance for this membrane inter- 
¿action is ergosterol’*, and it is believed that its presence in 
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cell membranes of fungi confers sensitivity to amphotericin 
B’. Studies with phospholipid vesicles indicate that it is 
possible to alter the lipid content of cultured mammalian 
cells after short incubations with liposomes of defined 
content®’. We report here that brief treatment with lipo- 
somes containing ergosterol can sensitise 1210 murine 
leukaemia cells to the subsequent action of amphotericin B. 

Liposomes containing sterol were prepared using methods 
described by Weissmann? and Cooper’. Egg yolk lecithin 
(EYL, Sigma) 40 mg alone or EYL 40mg and ergosterol 
(Sigma) 80mg, were dissolved in chloroform to assure 
complete mixing. The mixture of sterol and phospholipid 
was taken to dryness under nitrogen and 10 ml of buffer 
(100 mM NaCl, 15mM KCl, 5mM TES (N-Tris[hydro- 
xymethyl] methyl-2-aminoethane sulphonic acid), 10mM 
dextrose, 0.1 mM EDTA; pH 7.4) were added. This mixture 
was sonicated in a Branson Sonifier (Heat Systems Inc.), 
at an output setting of 60 W in a nitrogen atmosphere for” 
lhat 3°C. After sonication, the suspension was centrifuged 
at 30,000g for 10 min to remove non-dispersed lipids. Final 
phospholipid concentration was measured by the method of 
Bartlett”. Final ergosterol concentration was determined 
by the cholesterol method of Rudel and Morris”, using 
ergosterol for the standard curve. Before incubation with 
cells, liposomes were diluted with buffer and medium to 
yield a final phospholipid concentration of 0.4 mg mI™ and 
a final ergosterol concentration of 0.05 mg ml. Thin layer 
chromatography of the liposome preparation revealed the 
expected amount of phopholipid and sterol with less than 
2% lysophosphatidylcholine contamination. 

L1210 mouse leukaemia cells which had been in station- 
ary phase for 5h were adjusted to 7X 10° cells per ml with 
fresh medium. Aliquots of this suspension were placed in 
75-cm? Falcon flasks, to which (1) buffer without liposomes, 
(2) EYL liposomes in buffer, or (3) EYL liposomes contain- 
ing ergosterol in buffer, were added to yield a final cell 
concentration of 5.5x 10° per ml. Cells were incubated for 
1h at 37°C, collected by centrifugation at 300 g for 5 min, 
and washed twice with fresh medium. They were resus- 
pended at 110° cells per ml in fresh medium (10 ml) con- 
taining amphotericin B or the solvent, DMSO, in 25 cm? 
Corning flasks. Cells were incubated for 2 h at 37 °C, washed 
twice more and resuspended in fresh medium. 

After treatment and washing, one or more of the 
following techniques were used to assess cell survival. (1) 
Cell number was determined immediately after incubation 
in medium containing amphotericin B. (2) Trypan blue ex- 
clusion—washed cells in 0.5 ml medium were mixed with 
0.1 ml 0.4% trypan blue in normal saline—after 5 min, 200 
cells were counted and the number of cells excluding stain 
determined. (3) Cell number was determined after resuspen- 
sion in fresh medium and 45h additional incubation at 
37°C. 

L1210 cells which were first incubated for 1 h with EYL 
liposomes containing ergosterol, and then treated for 2h 
with amphotericin B at concentrations of 4-8 ug mi“? were 
reduced in number when counted immediately after the in- 
cubation period with amphotericin B (Fig. 1). These cell 
populations were unable to exclude Trypan blue effectively 
(Table 1), and phase microscopic examination revealed 
many cells undergoing lysis and much cellular debris. Treat- 
ment of cells with buffer alone or EYL liposomes without 
ergosterol did not confer such sensitivity to the action of 
amphotericin B. A 

Cells first treated with EYL liposomes containing ergo- 
sterol, exposed to amphotericin B, then incubated without 
ergosterol or amphotericin B for a further 45 h, exhibited 
growth inhibition and/or continuing diminution of cell 
number (Fig. 1). This effect was dose dependent over an 
amphotericin B concentration range of 2-8 ug ml. Lipo- 
some treatment without subsequent amphotericin B 
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exposure was without effect. Amphotericin B treatment of 
cell populations previously incubated with buffer or EYL 
liposomes did not result in such reduction in cell number 
after 45h further incubation (Fig. 1). 

All cell populations examined immediately after the i-h 
incubation period with buffer or liposome preparations 
excluded Trypan blue effectively. There was no change in 
cell number when these populations were compared with 
untreated cells. No cells were found adherent to vessel 
surfaces. 

We have demonstrated that brief exposure to liposomes 
containing ergosterol can confer amphotericin sensitivity 
to one type of murine leukaemia cell. Other workers have 
demonstrated that Tetrahymena pyriformis cells grown for 
36-40 h in culture medium containing ergosterol will in- 
corporate ergosterol into their cell membranes and then 
become sensitive to the action of amphotericin B*. In an 
earlier communication” it was reported that 22 h of growth 
in culture medium containing ergosterol was required for 
L1210 cells to become markedly affected by amphotericin B. 

The mechanisms of ergosterol and amphotericin B action 
are not fully understood. Ergosterol may nonspecifically 
prepare the cell membrane for optimum interaction with 
amphotericin B by making the membrane more rigid or 
ordered’, Alternatively ergosterol could uniquely combine 
with amphotericin B and change membrane configuration 
so that membrane disruption occurs and cell lysis 
ensues", 

Liposomes have been shown to interact with a variety 
of mammalian cell types™*. Although the precise nature of 
the interaction is not clear, the liposomes can transfer 
large amounts of lipids to cells and alter cellular lipid 
content®. Since sensitisation to amphotericin B might 
require the presence of a specific sterol at the membrane 
level, we presume that sensitisation observed after treat- 








iiaith 


4. 








Cells per ml 


y BEA 3 EEE EE R E SRA i 


i. 











Incubation time (h) 


Fig. 1 Time course of effect of amphotericin B on cell number. 
L1210 cells (from Dr V. Bono Jr, NCI) were incubated for 1 h 
in the buffer, EYL liposomes or EYL liposomes containing 
ergosterol. Cells were washed, treated for 2 h with amphotericin 
B or dimethylsulphoxide (DMSO), then washed again. One 
aliquot of cells was counted and another was resuspended in 
fresh medium and incubated for a further 45 h and then counted. 
Cells treated with EYL liposomes containing ergosterol followed 
by treatment with DMSO (A), or amphotericin B at 2 pg ml~ 
(5), 4 wg mi (C), 6 pg ml? (O) or 8 pg mil (@). Cells treated 
with EYL liposomes then amphotericin B 6 ug mi~ ($); cells 
treated with buffer (without any liposomes) then amphotericin B 
6 ug mi~ (a). RPMI 1630 medium was from NIH Media Unit. 
In all experiments media were supplemented with 20% foetal calf 
serum (Flow) and gentamicin 40 ug mi~ (Schering). Foetal 
calf serum was heat inactivated at 56 °C for 30 min. Cell number 
was estimated with a Coulter Counter. Amphoterium B (Cal- 
biochem) was freshly prepared in DMSO to give a 20 mg ml 
stock solution. The DMSO concentration in incubation mixtures 
did not exceed 0.1% (v/v). 
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Table 1 Effect of treatment with liposomes containing ergosterol on 
Trypan blue exclusion 





Cells excluding Trypan blue 
(% of buffer control) 


Amphotericin B EYL liposomes EYL liposomes 
(pg mi~) containing ergosterol alone 
0 94 94 
2 73 85 
4 44 78 
6 15 85 





L1210 cells were incubated for 1 h with buffer, EYL liposomes or 
EYL liposomes containing ergosterol. Cells were washed, treated for 
2h with amphotericin B, washed again, and resuspended in fresh 
medium. 0.5 ml of cells in fresh medium was mixed with 0.1 ml 
0.4%, Trypan blue in normal saline. After 5 min, 200 cells were 
counted and number excluding trypan blue determined. 


ment with liposomes containing ergosterol was due to 
addition of this specific sterol to the membrane region. 

As drug carriers, liposomes offer several advantages over 
conventional modes of drug administration. It has been sug- 
gested that they can transport high concentrations of other- 
wise toxic agents and perhaps can be directed to selected 
tissue targets®™™, Our data indicate that in addition, speci- 
fically constituted liposomes may sensitise certain cell types 
to chemotherapeutic agents to which they were previously 
resistant. This study demonstrates a novel use of liposomes 
for the purpose of functionally altering the membranes of 
mammalian cells. 
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Prostaglandin endoperoxides and 
thromboxane A, can induce platelet 


aggregation in the absence of secretion 


PLATELET aggregation and secretion are widely studied not 
only because they are believed to reflect the major in vivo 
platelet function, formation of the primary haemostatic 
plug, but also because they involve fundamental cellular 
regulatory mechanisms. The synthesis of biologically active 
prostaglandin (PG) intermediates (endoperoxides and 
thromboxanes) seems to be an important step in the 
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regulation of platelet function’, but the physiological roles 
and mechanism(s) of these compounds are unknown. It is 
claimed by Malmsten er al.’ and Samuelsson et al.’ that 
PG endoperoxides and thromboxane A; cause platelet 
aggregation only by inducing platelets to secrete ADP 
that in turn causes aggregation. In view of observations 
that platelets deficient in releasable ADP (storage pool- 
deficient platelets or platelets depleted of storage granules) 
still aggregate in response to arachidonic acid’’, the 
precursor of the intermediates, the validity of this claim 
has been open to question. We have investigated platelet 
stimulation by PG endoperoxides (PGG: and PGH, an 
endoperoxide analogue ((15S)-hydroxy-Ila, 9a-(epoxy- 
methano) prosta-5Z, 13E-dienoic acid; U-46619), throm- 


boxane A:-like material and arachidonic acid, using anew. 


instrument that simultaneously monitors aggregation and- 
secretion in the same platelet suspension’, permitting 
careful analysis of the relationships between aggregation 
and secretion. We report here that although high concentra- 
tions of the endoperoxide analogue, the natural endo- 
peroxides and thromboxane A, induce both platelet 
aggregation and secretion, low concentrations cause. - 
aggregation without detectable secretion. 

Secretion was monitored by recording luminescence 
resulting from the interaction of released ATP (secreted 


simultaneously with ADP) with firefly luciferase and __ 


Fig. 1 Simultaneous. recording of aggregation and secretion . 
induced by (a) PG endoperoxide analogue (U-46619), (band ce) 
natural endoperoxides (PGH, and PGG,) and (d) thromboxane’ 
A, added to stirred platelet-rich plasma. These experiments 
represent typical results obtained with low, intermediate and. 
saturating (maximal aggregation and secretion of ATP) concen- 
trations of each stimulus. Secretion of ATP (lower traces) was 


measured by the firefly luminescence assay, with the gain of the». ~ 


instrument set so that maximum release with a high concentra- 
tion of thrombin gave half-chart deflection. (max), which cor- 
responds to about 5 M ATP or 1 nmol per 10° platelets. In 
the three experiments where the lowest concentrations of the 
analogue, PGH, or PGG, were added, the gain was doubled to 
detect even trace secretion of ATP. The sensitivity of the measure- 
ment in these conditions is such that a pen deflection of twice the. 
noise amplitude is caused by less than 50 nM ATP. Since others. - 
1910 have shown that ATP and ADP are secreted in parallel with 
the ATP/ADP ratio between 0.5 and 1.0, we would detect 
secretion of 0.1 4M ADP. The decrease in the signal seen.at the 
end of some curves does not represent uptake or metabolism of 
ATP by platelets, but is due to the well-known property of the 
assay system to show a decay in luminescence*+*?. Aggregation” 
(upper traces) was measured simultaneously in the same cuvette, 
with the limit set with platelet-free plasma (PFP) as indicated. 
Reactions were initiated by addition of the stimulating agents 
to stirred platelet-rich plasma, except for experiments with PGH, 
and PGG,, where the reaction was initiated by addition of 
platelet-rich plasma to a cuvette to which the endoperoxide had 
previously been added and the sclvent (acetone) evaporated with 
a gentle stream of nitrogen. Thromboxane A,-like material was 
generated by incubation of dog platelet-rich plasma with 0.5 
mM arachidonic acid, as described by Chignard and Vargaftig™. 
Aliquots of the dog platelet-rich plasma containing thromboxane 
A,-like material were transferred directly to human platelet-rich 
plasma that had been pre-incubated with indomethacin (15 uM 
for 30 s) to prevent stimulation by arachidonic acid. The con- 
centration of thromboxane A,-like material was varied by 
transferring different volumes or by varying the time of incuba- 
tion with arachidonic acid. Control dog platelet-rich plasma had 
no effect on human platelets, and we confirmed the observations 
of Chignard and Vargaftig'* that dog platelets neither aggregate 
nor secrete in response to arachidonic acid, although they do 
metabolise arachidonic acid to PGs and thromboxanes. All 
experiments were carried out with the cell compartment at 
37°C, and the chart speed was 60s inch! (time bar in top 
trace). Each experiment was carried out on platelet-rich plasma 
(counts not standardised) from at least three donors. Although 
there were some quantitative differences between donors, the 
pattern of responses was consistent and the data shown are from 
a single donor, so that comparisons between stimuli are valid. 
The concentrations of stimuli (for low, intermediate and high 
concentrations) were: endoperoxide analogue 0.5, 1.2 and 2.2 
uM; PGH, 0.5, 0.8 and 9.4 M; PGG, 0.3, 0.5 and 2.8 uM. 
Exact concentrations of thromboxane A,-like material were not 
determined. 
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luciferin as described previously’. The reaction was 
carried out in a new cell compartment designed to permit 
simultaneous measurement of platelet aggregation and 
secretion. Details of this technique have been described 
previously’. PGG: and PGH; were prepared essentially as 
described elsewhere’. Final concentrations quoted are 
based on the specific activity of the radioactive arachidonic 
acid used in their biosynthesis. Thromboxane Av-like 
material was generated by incubation of dog platelet-rich 
plasma with arachidonic acid”. Although dog platelets 
do not aggregate or secrete nucleotides or other contents 
of dense bodies in response to arachidonic acid, they do 
synthesise PG endoperoxides and thromboxane As, which 
will aggregate human platelets. Since Smith ef al.” have 
shown that in the conditions used (incubation in plasma 
at 37°C), thromboxane Ae activity persists after complete 
disappearance of the endoperoxides, we refer to the active 
component as thromboxane Av. Human platelet-rich plasma, 
prepared from whole blood collected in 0.1 volume 3.8% 
sodium citrate’, was kept at room temperature and was 
used within 3h. Experiments were at 37°C. All donors 
denied taking any drug for at least 10 d before venipuncture. 

The effects of the unstable PG intermediates and the 
stable endoperoxide analogue on platelets were observed 
by recording the precise temporal relationships of aggrega- 
tion and secretion (Fig. 1). Each compound was tested over 
a range of concentrations from an amount just sufficient 
to cause an observed effect to an amount greater than 
that required for the maximal effect. Individual donors 
varied in their responsiveness to the endoperoxides, but 
PGG: was consistently more potent than PGH:. Examples 
of typical results for low, intermediate and saturating 
concentrations of each compound are shown in Fig. 1. 

At low concentrations, each compound induced aggrega- 
tion in the complete absence of detectable secretion (that 
is, primary aggregation), directly refuting the claim** 
that the endoperoxides induce platelet aggregation only 
through release of ADP. 

At intermediate concentrations, some difference was 
observed between the stable endoperoxide analogue and the 
unstable PG intermediates. The analogue induced biphasic 
aggregation, with secretion beginning only after a long 
lag and in parallel with the second wave of aggregation. This 
is characteristic of the response of platelets to other primary 
aggregating agents such as ADP and adrenaline”. 
In contrast, when the stimulating agent was PGH: or 
PGG, we never observed biphasic aggregation or a long 
lag before secretion; instead intermediate concentrations 
of these compounds have consistently induced completely 
reversible aggregation accompanied by secretion. (Such 
readily reversible aggregation in platelets undergoing 
secretion is unusual.) This difference indicates that the 
synthetic endoperoxide analogue may not exactly mimic 
the platelet stimulating properties of the natural endo- 
peroxides. Thromboxane A:-like material induced aggrega- 
tion and secretion with a temporal relationship similar to 
that for the naturally occurring endoperoxides. 

Addition of increasingly higher concentrations of each 
stimulus resulted in more rapid and extensive aggregation- 
secretion curves until a maximal response was attained. 
In the case of maximal response, aggregation and secretion 
proceeded as temporally parallel events. With each 
stimulus, the secretion curves resulting from high con- 
centrations of PGG; were nearly identical to those obtained 
previously with other potent stimuli (for example, thrombin 
or A23187) (ref. 15)), with no evidence of the extremely 
fast secretion reported by Malmsten’® and Corey et al.”, 
who observed complete release within 5s. 

Arachidonic acid also induced aggregation and secretion, 
probably because it is the substrate for PG and throm- 
boxane synthesis’. Arachidonic acid differed from the 
other compounds tested in that aggregation was always 
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Fig. 2 Simultaneous recording of aggregation and secretion 
induced by arachidonic acid. The experiments were as described 
in Fig. 1. The fourth trace was done in the absence of stirring. 
Note that the higher concentrations of arachidonic acid lead to 
progressively shorter lag times and more rapid kinetics of 
secretion, but the total ATP secreted does not increase signi- 
ficantly. Lower concentrations of arachidonic acid also induced 
aggregation and secretion in parallel, with increasingly longer 
lags, until a threshold concentration was reached below which 
there was neither aggregation nor secretion (approximately 
100uM in the experiment shown). Sodium arachidonate 
concentrations (from left to right): 110, 190, 640, 640 uM, 


accompanied by secretion (Fig. 2). (This is not inconsistent 
with a report? that arachidonic acid causes aggregation of 
platelets that have been depleted of their secretory granules 
by treatment with thrombin, but suggests that aggregation 
and secretion may be independent, parallel responses of 
platelet activation.) This difference in activity of the 
PG intermediates and arachidonic acid suggests that there 
may be a difference between the effects of extracellular 
intermediates and the same compounds generated 
intracellularly. That is, primary aggregation may be due 
to interactions of the intermediates with the outer 
membrane, whereas activation by arachidonic acid may 
involve an intracellular action of the same intermediates. 
We also observed that at higher concentrations, each 
stimulus, as shown in Fig. 2 for arachidonic acid, is able 
to induce secretion in the virtual absence of aggregation 
(unstirred suspension), indicating that secretion is not 
dependent on aggregation, as shown for other stimuli, 
such as thrombin”. 
We conclude that endoperoxides and thromboxane A: 
can induce aggregation without secretion of nucleotides, 
that higher concentrations of endoperoxides and throm- 
boxanes can induce secretion independent of aggregation, 
and that human platelet aggregation can spontaneously 
reverse even when accompanied by secretion. This is the 
first direct evidence that PG intermediates can cause 
primary aggregation of normal human platelets. 
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New polymorphism of 
platelet membrane glycoproteins 


Tue surface of the human blood platelet is rich in 
carbohydrate and at least four glycoprotein components 
have been resolved by gel electrophoresis of isolated 
platelet plasma membranes’. Two platelet disease states 
are characterised by a diminution or absence of certain 
of these glycoproteins’”*: in the case of Bernard-Soulier 
disease, glycoprotein I (molecular weight (MW) 150,000) 
is lacking while platelet membranes isolated from patients 
suffering from Glanzmann’s thrombasthenia lack glyco- 
protein If (MW 120,000). While screening several patients 
with ill-defined but clinically evident haemostatic problems, 
we have now identified two unrelated individuals who show 
an abnormal polymorphic pattern of glycoprotein distribu- 
tion within their platelet membranes and a concomitant 
reduction in the ability of the intact platelets to bind 
thrombin. 

Polyacrylamide gel electrophoresis of normal platelet 
plasma membranes gives a pattern of four major bands 
which stain with the periodate-Schiff reagent’ (Fig. 1a). 
These bands have been designated glycoproteins I, H, IH 
and IV and have electrophoretic mobilities corresponding 
to molecular weights of 150,000, 120,000, 98,000 and 
87,000, respectively. These four peaks are in the ratio of 
§5:28:6:11, averaged from 37 samples, and show no 
age or sex-related differences. 

In the case of platelets from two individuals identified 


Fig.1 Glycoprotein patterns from normal (a) and abnormal (b) 
platelets. A platelet membrane fraction was subjected to poly- 
acrylamide gel electrophoresis in the presence of sodium dodecyl 
sulphate and B-mercaptoethanol followed by staining with 
periodate-Schiff reagent, as previously described’. 
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Fig. 2 Thrombin binding to normal and abnormal platelets. 

Control, ©: patient 1, A: patient 2, @. Binding studies were 

performed by the Majerus technique using cacodylate buffer'® 

and highly purified human thrombin™ (2,850 NIH units mg~*) 

(ref. 14) iodinated with }**I and were corrected for nonspecific 

binding. 

during these experiments we found a pattern which differed 
from normal in that there was a double band in the 
region of glycoprotein I (Fig. 1). The first band corre- 
sponded in electrophoretic mobility to glycoprotein I while 
the mobility of the second band indicated a molecular 
weight 10,000-12,000 lower. Each of these components 
was present in about one-half the amount of glycoprotein 1 
in normal platelets. Combining the values for peaks IA 
and IB gives ratios (A+B: H:I: 1V) of 63:23:7:7 
and 63: 18:9: 10, respectively, for the two patients which 
are ratios similar to those found in normal controls. 

Several different types of experiment were carried out 
to determine whether this polymorphism was an intrinsic 
property of the membrane glycoproteins in these two cases 
or could have arisen from extraneous causes. Since glyco- 
protein I is known to be particularly sensitive to proteolytic 
digestion’ the possibility of increased proteolytic activity 
in the patients’ serum was investigated by incubating 
normal platelets with samples of plasma from the two 
subjects for 8h at 37°C; this did not result in the 
appearance of a double band in the membranes subsequently 
isolated from the treated platelets indicating that the double 
band did not result from extraneous proteolysis, nor was 
there any appearance of the second band on prolonged 
incubation of the platelets themselves indicating that it 
was not due to protease activity in the abnormal platelets. 
Peaks IA and IB were equally susceptible to added trypsin 
in intact platelets and a single PAS-positive band was 
observed in the soluble supernatant with an electrophoretic 
mobility indistinguishable from that of the macroglyco- 
peptide obtained from normal platelets’. These observations 
suggested that differences in the electrophoretic mobility 
of peaks IA and IB probably were not due to structural 
differences in the macroglycopeptide portion of the two 
molecules. 

Glycoprotein I seems to exist both in membrane-bound 
forms and in a form, glycocalicin, which is loosely bound 
within the platelet glycocalyx and is obtained in soluble 
form following platelet homogenisation’. The relationship 
between glycoprotein I and glycocalicin is not clear, how- 
ever, and they differ in their pattern of labelling with 
surface probes’. Glycocalicin has been isolated and 
characterised’ and has been shown to be an inhibitor of 
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Table 1 Clinical laboratory studies 


Normal values 


Platelet count (mm ~?) 150,000-450,000 
Bleeding time (min) 4-10 
Platelet retention (%4) >35 
Prothrombin time (s) 12-14 
Activated PTT (s) <35 
Aggregation (%) 
Collagen (2 ug) > 65 
Adrenaline (2.5 uM) >70 
ADP (10 uM) >70 
Ristocetin (1.5 mg ml ~!) >80 
Thrombin (0.2 units ml“) > 65 
Villywr (%) 55-120 
Villaue (°%4) 50-200 
PF-3 (s) 60 





Subject Í Subject 2 
(female, aged 22 yr) (female, aged 28 yr) 
400,000 290,000 

6 5 
23 10 
13.2 13.0 
32 35 
35 75 

6 85 
39 90 

100 88 
74 84 
86 81 
100 115 
72 ND 





Platelets were counted by phase microscopy. Platelet adhesiveness was measured by a modified Salzmann technique", bleeding times by the 
template technique of Mielke” and prothrombin times, activated partial thromboplastin times (PTT) and one stage Factor VIII bioassay by 
standard methods. VUIywr assays were performed by the quantitative technique of Weiss'’, platelet factor 3 (PF 3) availability was performed 
by the kaolin technique” and platelet aggregation by the turbidimetric method of Born”. ND, Not determined. 


thrombin-induced platelet aggregation? and to have 
thrombin-binding activity associated with the (nonglyco) 
peptide ‘tail’ portion of the molecule (T.O. and G.A.J., 
submitted for publication). Although there was no resolu- 
tion into two electrophoretic peaks, glycocalicin present in 
the soluble portion of the platelet homogenate in these two 
cases showed a broader distribution of electrophoretic 
mobilities as compared with controls and the amount 
present was in the low—normal range. 

Quantitative studies of thrombin-binding were carried out 
by the filtration technique of Majerus’ in the high affinity 
range (0.020-0.080 units) considered to be significant for 
thrombin action under physiological conditions®*""*. Binding 
studies were carried out in cacodylate buffer which gives 
a 10-fold increase in binding efficiency’. The number of 
thrombin-binding sites per platelet were calculated from 
double reciprocal plots according to Steck and Wallach” 
using computer-assisted analysis to obtain best fit (Fig. 2). 
Data calculated in this way gave a value of 5,400 thrombin 
binding sites per platelet for normal controls but only one 
half that, 2,400 per platelet, for the two patients showing 
the glycoprotein abnormality. The reciprocal plots inter- 
sected at the abscissa indicating that there is no difference 
in the affinity for thrombin between the patients and 
controls: a value of 0.35 units ml™ was determined for 
half saturation of thrombin binding sites. 

Although both the glycoprotein polymorphism and the 
decrease in thrombin binding were found consistently in 
these patients it was not possible to correlate these bio- 
chemical observations with clinical laboratory data 
(Table 1). In one case (subject 2) all values were within 
the normal range whereas in the other case (subject 1) 
there seemed to be an associated release defect. Associated 
release defects have also been noted in other cases of ab- 
normal haemostasis’. It may be noted that thrombin- 
induced aggregation was normal in both patients. Binding 
of thrombin to platelets is kinetically complex®"", however, 
and it is not possible to predict a relationship between the 
number of thrombin receptors present and the extent of 
aggregation to be expected. 

No evidence for a genetic basis for the polymorphism 
could be obtained within the limited family groups avail- 
able: subject 1 gave no history of family bleeding problems 
while subject 2 gave a family history of easy bruisability 
in her father, sister and daughter but without the more 
marked bleeding episodes of her late mother and herself. 
Examination of the three living family members failed 
to reveal any glycoprotein abnormality and all gave normal 
values for Vilar, Villywe, in routine coagulation and 
aggregation studies, and in thrombin binding. 


Although it is not known whether this is the primary 
cause of the bleeding defects observed in these two indi- 
viduals, the two cases described here show identical pat- 
terns of glycoprotein polymorphism and decreased thrombin 
binding capacity. Since the macroglycopeptide portions of 
the two components seem to be identical on the basis of 
electrophoretic mobility, and since the thrombin-binding 
site of glycoprotein I/glycocalicin is present in the peptide 
‘tai’? (MW 45,000) of the molecule, these suggest that 
the lower molecular weight of the abnormal form of 
glycoprotein I may result from a deletion of structures 
associated with thrombin binding in that region. Direct 
correlation of the electrophoretic and functional data will 
require isolation and comparison of the two forms of 
glycoprotein I manifest in these individuals. 
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Interaction of colchicine 
with phosphatidylcholine membranes 


EXPERIMENTAL results have suggested that the alkaloid drug 
colchicine affects the lateral mobility of membrane com- 
ponents’ *. To explain these observations, Wunderlich er al.° 
have proposed two alternative hypotheses: the lipophilic 
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drug intercalates into the lipid bilayer in a manner analogous 
to cholesterol; or colchicine acts by binding to membrane 
protein. It is well documented that in lipid bilayers of both 
model and biological membranes, the methylene groups of 
the lipid fatty acyl chains are more mobile near the chain 
terminus than near the glycerol backbone of the phospho- 
lipid, resulting in a gradient of increasing fluidity in the non- 
polar phase of the bilayer interior’. From nuclear 
magnetic resonance (NMR) and spin-label electron spin 
resonance (ESR). studies it has been found that cholesterol, 
by intercalating between the phospholipid fatty acyl chain, 
markedly increases the rigidity of the hydrocarbon phase of 
the bilayer’. We present here the results of a detailed 
spin-label study using phosphatidylcholine (PC) liposomes 
to show that, in contrast with cholesterol, colchicine does 
not detectably change the rigidity of PC bilayers. 

The spin labels used (see Fig. 1), 2,2,6,6-tetramethylpiper- 
idine-l-oxyl (TEMPO), 2-(3-carboxypropyl)-4,4 dimethyl-2- 
tridecyl-3-oxazolidinyloxyl (C; nitroxide-labelled stearic 
acid), 2-(10-carboxydecyl)-2-hexyl-4,4-dimethyl-3-oxazolid- 
inyloxyl (Cy nitroxide-labelled stearic acid) and 2-(14- 
carboxytetradecyl)-2-ethyl-4,4-dimethyl - 3 - oxazolidinyloxyl 
(Cy nitroxide-labelled stearic acid) are convenient probes for 
the measurement of the effects of a perturbant on the hydro- 
phobic phase of a lipid bilayer. An increase in the rigidity 
of the matrix of the fatty acyl chains is reflected by an in- 
crease in the hyperfine splitting (2 A'r) in the ESR spectrum 
of the stearic acid spin labels and by a decrease in the 
parameter f of the TEMPO ESR spectrum” (see Fig. 1). 

The results of replicate experiments indicate that on in- 
creasing the concentration of colchicine there was no 
change in the stearic acid spin label ESR spectra and no 
change in the f-value of TEMPO (ref. 20). As an example, 
ESR spectral parameters for 0 and 30mg ml colchicine 
are listed in Table 1. However, an increase in cholesterol to 
phospholipid molar ratios over the range of the colchicine 
to phospholipid molar ratios (0.0-1.0) used in this experi- 
ment greatly increases the rigidity of the fatty acid acyl 
chains*~**, 

From these results, there is no evidence to suggest that 
colchicine, like cholesterol, decreases the fluidity of the lipid 


Fig. 1 ESR spectra from C;, Ci» Cı and TEMPO-labelled 
unsonicated lecithin dispersions containing 30 mg ml! ~ colchicine. 
For the C, and Cs spectra, 2 A’,, is defined by the horizontal dis- 
tances indicated. From the TEMPO spectrum, the quantity f is 
defined as h,/(Ay.+- hw), where A, and Ay toa first approximation 
are proportional to the fraction of TEMPO in the lipid and water 
phases, respectively. H is the applied magnetic field. 
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Table 1 ESR data summary* 





Label Spectral parameter 
Colchicine (0 mg mi ~>) Colchicine (30 mg ml~) 
TEMPO f= 0.38+0.01 f= 0.38 40.01 
C; Azz = 26.0 40.2 G Azz = 26.0 40.2 G 
Cie Spectra superimposable; A’,, is difficult to extract 
Cis AQ, = 14.3 +40.2 Gt A’g = 14.34:0.2 G} 





Phosphatidylcholine was extracted from egg yolks by the method of 
Singleton et al.” with the exception that the acetone, used for preci- 
pitation of the crude phosphatides, was used at dry ice temperature 
under N}. This speeded precipitation and retarded atmospheric 
oxidation of the crude phosphatides, as determined by thin-layer 
chromatography. TEMPO was prepared by the method of Briére 
et al.**, The nitroxide-labelled stearic acids were purchased from 
Syva. PC and the desired spin label in 1 :200 molar ratio with PC were 
dissolved in N,-saturated distilled chloroform and dried to a film 
using a rotary evaporator. The last traces of chloroform wereremoved 
under vacuum (about 6.0 10~> atm) for 2 h. N,.-saturated buffer, 
10 mM Tris, 5 mM KCI, pH 7.4, was added to the mixture to give a 
100 mg mi~? PC dispersion. The slurry was agitated until no PC was 
seen adhering to the walls of the flask. Colchicine (Sigma), in buffer 
solution, was added to 0.5-ml aliquots of the PC dispersion to give a 
final PC concentration of 50 mg mi~ and colchicine concentrations 
ranging from 0 to 30 mg ml?. The PC-colchicine solutions were 
shaken on a vortex mixer for 1 min and allowed to equilibrate for at 
least 2 h at room temperature under N, before spectra were taken. The 
mixtures were vortexed again immediately before the taking of 
spectra. A parallel series of experiments was done with lipid disper- 
sions sonicated as described by Godici and Landsberger for 25 min. 
Colchicine was added to these sonicated dispersions as described 
above. In one series of experiments, PC and colchicine in concen- 


trations of 0 and 30 mg mi~ were co-sonicated in conditions previous- > 


ly described*. ESR spectra were obtained with Varian E-4 and E-12 , 


spectrometers. 

*Average values of replicate experiments using unsonicated dis- 
persions, 

Azz is one-half the distance between the base-line crossings of the 
high and low magnetic field peaks of the ESR spectrum. 


fatty acyl chains. The data also rule out any detergent-like 
interaction between colchicine and lipid membranes. 
Although the possibility is not rigorously precluded that 
colchicine inhibits lateral diffusion of lipids, as has been 
described for cholesterol’’”, and hence that of membrane 
protein, this seems extremely unlikely. Colchicine, in con- 
centrations similar to these cholesterol studies*’” and up to 
10° times greater than those known to affect the lateral 
mobility of membrane components’~*, does not affect the 
motional freedom of the lipid hydrocarbon chains. 

Thus, we have tried to differentiate between the two hypo- 
theses suggested by Wunderlich et al.*. We conclude that 
colchicine does not interact with the lipid bilayer in a 
manner analogous to that of cholesterol and that it seems 
that colchicine might interact with membrane and/or micro- 
tubular protein’™®. 
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Are benzodiazepines GABA antagonists? 


ALTHOUGH benzodiazepines are widely used in routine medical 
practice their mechanism of action remains controversial'?, 
Several authors have suggested that the action of benzodiaze- 
pines is to potentiate GABA-ergic processes in the central 
nervous system®*, In addition, a number of studies have shown 
the effect of benzodiazepines to be antagonised by y-amino- 
butyric acid (GABA) antagonists*:*. But, Steiner and Felix® and 
Gahwiler® have adopted the opposite view and reported that in 
the cerebellum and Deiters nucleus benzodiazepines antagonise 
the inhibitory action of GABA. On the other hand, Dray and 
Straughan® have shown microiontophoretic applications of ben- 
zodiazepines to be inhibitory on the spontaneous and glutamate 
activity of neurones of the brain stem and were unable to confirm 
that benzodiazepines antagonise the action of GABA. Curtis et 
al,” were also unable to confirm the results of Steiner and Felix® 
on the neurones of the cerebellum and spinal cord. In the recent 
paper by Squires and Braestrup"! a direct interaction of benzo- 
diazepines with GABA-receptors has been discarded. We have 
investigated the interaction between chlordiazepoxide (Librium) 
and GABA by observing the effects of simultaneous micro- 
iontophoretic application of both agents on the spontaneous 
and glutamate-evoked firing of single neurones of sensorimotor 
cortex of the rabbit and here we report that the actions of the 
two are synergistic, 

The experiments were performed on seven adult rabbits 
anaesthetised with hexobarbitone sodium and artificially venti- 
lated. Microiontophoresis and recording was from five to seven 
barrelled micropipettes of 4-6 um overall tip diameter. The 
central recording barrel was filled with 2M NaCl and only those 
neurones with extracellular action potentials of 1 mV or greater 


Fig. 1 The dose-dependent action of microiontophoretically 

applied chlordiazepoxide hydrochloride (CDP) on the glutamate- 

evoked firing of a sensorimotor neurone. The iontophoretic appli- 

cation and the current passed in nA (1 x 10A) are indicated by 

the horizontal bar and the figures above them. The rate meter was 

reset every 3s. Retaining currents in all the experiments were 
between {5 and 45 nA. 
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Fig.2 Synergism between chlordiazepoxide and GABA applied 

microiontophoretically to the same neurone. a, The failure of 

CDP to antagonise the inhibitory action of GABA. b, The sum- 

mation of submaximal inhibition evoked by GABA and CDP. In 

(a) the activity of the neurone was maintained by the application 

of glutamate (3 nA) and the rate meter was reset every 3s in (a) 
and 5s in (b). 


were studied. The concentration of chlordiazepoxide was 0.2M 
(pH = 3.0), and the other barrels contained sodium glutamate 


was applied with the minimum microiontophoretic ejecting 
current required to induce a marked and stable inhibitory effect 
of the agent on the spontaneous or glutamate-evoked activity of 
a given neurone. The effects of current flow on neuronal activity 
was minimised using standard current balancing techniques. 

Figure | shows the marked reduction in activity evoked by a 
microiontophoretic application of chlordiazepoxide to a neurone 
of the sensorimotor cortex. This inhibitory action of chlordiaze- 
poxide increased with the applied current and this effect was 
found on all 22 cells studied; in no trial did chlordiazepoxide 
increase neuronal activity. 

Figure 2a shows the failure of chlordiazepoxide to antagonise 
the action of GABA. Similar results were obtained on 14 
neurones and no antagonism between chlordiazepoxide and 
GABA was observed during the application of chlordiazepoxide 
with currents between 2 and 120nA. Similar results were 
obtained in two additional experiments in which anaesthesia 
was induced and maintained with urethane or chloralose. 

In complete contradiction to the suggestion that chlordiaze- 
poxide antagonises the action of GABA we have found the 
inhibitory action of chlordiazepoxide to be synergistic with that 
of GABA. In Fig. 2b, for instance, small applications of both 
GABA and chlordiazepoxide which evoked only small degrees of 
inhibition combine to induce almost complete inhibition. Since 
in previous studies we observed systematically administered 
diazepam to potentiate the action of GABA on the spontaneous 
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activity of neurones in the sensorimotor cortex'*, we suggest that 
the actions of benzodiazepines and GABA are synergistic. 
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Agonist-antagonist properties of 
N-allyl-[p-Ala]*-Met-enkephalin 

RECEPTOR displacement of the opiate antagonist naloxone re- 
quires concentrations of morphine and other opiate alkaloids 
similar to those required to elicit analgesia'® or inhibit ileal 
contractiont-*. A new class of opiates with structures based on 
the discovery of endogenous, morphine-like pentapeptide— 
enkephalin®—also displace opiate receptor binding with poten- 
cies paralleling in vivo activities’°, Intrinsic activity (agonist 
or antagonist quality), a different dimension of opiate alkaloid 
effects in vivo, is closely correlated with the in vitro effects of 
sodium ion in the incubation medium: while antagonist binding 
to opiate receptors labelled by radioactive naloxone is almost 
unaffected by sodium ion addition, opiate alkaloid agonists 
become 10-60-fold weaker and mixed agonist-antagonists have 
intermediate downward shifts in apparent affinity after sodium 
ion addition, We present here an analysis of the sodium 
sensitivities of the major opiate peptides which have all been 
identified as ‘agonists’ thus far. In addition, we describe the syn- 
thesis, behavioural and in vitro receptor analysis of N-allyl- 
[p-Ala]?-Met-enkephalin (Fig. 1), a novel peptide whose struc- 
ture was designed in analogy’? with that of the alkaloid opiate 
antagonists!* in order to obtain a peptide opiate antagonist, if 
possible. 

The sodium ion dependence of the receptor interactions of 
morphine, N-allyl-[p-Ala]?-Met-enkephalin and three opiate 
peptides is shown in Fig. 2. Like the prototype opiate agonist 
morphine, [p-Ala]*-Met-enkephalinamide (an enzyme-resistant 
enkephalin)" and the C fragment of B-lipotropin (61-91) (refs 
15-17) show large ‘sodium shifts’ of 25 and 17 respectively. This 
is consistent with recent reports which indicate that these pep- 
tides are morphine-like agonists as analgesics*'*"*, and in 
the guinea pig ileum!-!*. It should be noted that Bradbury et 
al. reported a ‘sodium shift’ for the C-fragment of only 1.3. In 
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Fig. 1 Structure of N-allyl-[p-Ala]?-Met-enkephalin. N-allyl-L- 
tyrosine (A) was synthesised from N,O-dibenzoyl-L-tyrosine 
methylester by reaction with sodium hydride and allyl bromide 
and purified by countercurrent distribution. Reaction of A with 
tert butyloxycarbonyl azide gave the N-protected derivative (B). 
p-Alanylglycyl--phenylalanyl-.-methionine (C) was prepared by 
stepwise condensation using N-hydroxysuccinimide esters. The 
crystalline tetra-peptide gave the expected amino acid analysis. 
B was converted to the N-hydroxysuccinimide ester and coupled 
toC. Following deprotection the homogeneity of N-allyl-[p-Ala]?- 
Met-enkephalin was ascertained by countercurrent distribution, 
‘the product showing this amino acid analysis (residues per mol): 
glycine, 1.00; alanine, 0.94; methionine, 1.00; N-allyl-tyrosine, 
0.85 (C-value 0.09 of that of leucine; N-allyltyrosy! peptides are 
resistant to hydrolysis and A is subject to destruction); 
f phenylalanine, 1.00. 
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the same study, the sodium sensitivity ratio of morphine was 
only 7 in contrast to the larger values of 38 obtained in these 
experiments and values of 33-40 consistently obtained in pre- 
vious studies!!"-2°, The methodological difference which pro- 
bably accounts for the discrepant values’ is the lack of incuba- 
tion at 0 °C, since low temperature is essential for demonstrating 
sodium effects reproducibly”. 

The sodium shift value of Met-enkephalin® suggests a pre- 
dominantly agonist nature, but falls within the range of opiates 
which display partial antagonist activity in some test situations”. 
A recent study”!, indeed, suggests that Leu-enkephalin despite 
its three to fourfold reduced affinity for brain opiate receptors’®, 
maintains intraventricular self-administration behaviour more 
readily than Met-enkephalin because it is a ‘purer’ agonist. No 
antagonist activity is detectable for Met-enkephalin in the 
guinea pig ileum??, however. 

In striking contrast to morphine and the opiate peptide ago- 
nists, N-allyl-[p-Ala]®-Met-enkephalin has a small (2.5) sodium 
response ratio which clearly suggests antagonist properties if 
sodium effects on peptides are as relevant to in vive pharmaco- 
logical activity as they are for opiate alkaloids. Intraventricular 
injection of the putative peptide antagonist, N-allyl-[p-Ala]*- 
Met-enkephalin, however, does not decrease the anti-nocicep- 
tive response obtained when [p-Ala]*-Met-enkephalin is in- 
jected alone (Table 1). In fact, the allyl peptide injected alone 
is a weak analgesic, suggesting the presence of weak agonist 
activity compatible with its rather low affinity for opiate re- 
ceptors. The ‘narcotic antagonists’ (nalorphine, levallorphan 
and so on) also elicit analgesia in the tail-flick test and produce 
sodium ratios in the 1.5-3.0 range™. 

The various pharmacological assays for opiates are known 
to differentially emphasise their agonist or antagonist qualities. 
For example, chronic morphine administration causes a dra- 
matic ‘supersensitivity’ to opiate antagonist activity so that 
much lower doses of antagonists are required to precipitate opiate 
withdrawal signs®4, We therefore examined the ability of N- 
allyl-[p-Ala]*-Met-enkephalin to produce withdrawal signs in 
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Table 1 Behavioural effects of N-allyl-[p-Ala]*-Met-enkephalin 





Analgesic effects Tail-flick latency 
Drug (G+s.e.m.) 
Vehicle 3.9+0.16 (n = 7) 
N-Allyl-[p-Ala]? 7441.49 (n = 6)* 
[p-Ala]? 10.41.23 (n = 7)* 


{p-Ala]*+- N-allyl-[p-Ala]? 13.50.65 (n = 7)** 


Withdrawal Vehicle N-Allyl-[p-Ala}* 
(n= 4) @=1 

Wet-dog shakes 0.75 +-0.75 3.86 4-2.0 

Chewing 0 1.71 -+0.36 
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To test analgesic effects 27 rats were implanted with 22 ga cannulae 
guides, the tips of which were aimed for an area 2 mm above the 
third ventricle (AP 3.0, LAT 0.0, DV 2.5)”. Two weeks after the 
operation the animals were divided into four groups and injected in 
the third ventricle with either 7 pl water (vehicle), 35 ug N-allyl-[p-Ala?® 
in 7 ul water, 20 pg D-Ala in 4 pl water or 20 pg p-Ala followed 
immediately by 35 pg N-allyl-[p-Ala]®. Analgesic effects were assessed 
15 min after injection with the tail-flick task as previously described™* 
with the exception that the tail-flick response limit was increased to 
15s. In withdrawal tests 10 rats were implanted with intracerebral 
cannulae guides as above. One week later all animals were implanted 
subcutaneously with one 75 ug morphine pellet. Forty-eight hours 
later they were implanted with two additional pellets and 48 h after 
the second pellet implantation the animals were divided into two 
groups and injected with either 35 ug N-allyl-(p-Ala]? or 7 pl water. 
Total number of wet-dog shakes and jumps were recorded for 30 min 
after injection. Ptosis, chewing, teeth chattering, eye twitching, or 
squeal on touch were rated at 10-min intervals during the same 
observation period. Only wet-dog shakes and chewing were found to 
increase following N-allyl-[p-Ala]*. 

*P < 0.05 for comparison of drug effects with vehicle control. 

{P < 0.05 for comparison of p-Ala + N-allyl-[p-Ala}? with p-Ala 
alone. 
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Fig. 2 Sodium sensitivity of the displacement of stereospecific *H-naloxone binding by several opiate peptides and morphine. Male 
Sprague-Dawley rats were killed by guillotine, their brain minus the cerebellum was rapidly removed and placed in 100 volumes of cold 
(4 °C) 0.05 M Tris buffer (Trizma Preset pH crystals, pH 7.4 at 0 °C) and homogenised with a Polytron set at number five for 15 s. The 
crude homogenate was centrifuged at 12,000g for 15 min, the supernatant discarded and the pellet reconstituted in 100 volumes of buffer. 
After repeating centrifugation and decanting, the pellet was resuspended in 10 ml of cold buffer by vortexing for 10 s and brief Polytron 
treatment. Membranes were prepared for use no later than 1 h after the final resuspension. The assay was incubated in duplicate in an ice 
water bath for 60 min in 10 x 75-mm glass test tubes containing brain membranes (100 yl), peptides (abscissa), 50 yl *H-naloxone (2.4 nM, 
20,000 c.p.m., 19.9 Ci mmol~!), and 50 yl of 1 M sodium chloride (closed symbols) or buffer (open symbols), and sufficient Tris buffer 
required for a final volume of 500 ul. Membranes were added last. After 60 min each reaction mixture was briefly vortexed, then filtered 
under reduced pressure through Whatman GF/B filters and washed twice with 7 ml of ice-cold buffer in a filtration cycle of less than 10s. 
Filters were transferred to vials and, after the addition of scintillation fluid (Aquasol, NEN) were counted in a Beckman LS-230 Scintillation 
counter at 45% efficiency. Control values of stereospecific *H-naloxone binding were calculated by subtracting nonspecific binding (c.p.m.) 
which occurred in the presence of 100 nM _ levallorphan. Control values from five experimental runs for total receptor binding and 
levallorphan binding were 1,625 +72c.p.m. and 726 +172c.p.m. respectively in the absence of sodium and 2,472 +280 c.p.m. and 
429 4-72 c.p.m. in the presence of sodium. IDs and sodium ratio values, which varied less than 2-fold, were determined as the means from 


two experimental runs. All inhibition values between 15° and 85% for one experimental run are shown. Ina: @,0 


, [p-Ala]®-enkephalin; 


(3, W, N-allyl-Tyr-[p-Ala]*-enkephalin. In 6: @, ©, morphine; A, A, C fragment (LPM 61-91): W, ©, Met-enkephalin. 


rats made dependent on morphine% in an attempt to demon- 
strate antagonist properties. Intraventricularly-injected mor- 
phine pellet-implanted rats indeed developed weak opiate with- 
drawal signs of ‘wet-dog shakes’ and chewing behaviour which 
were not present in the vehicle-injected controls (Table 1). 

While further characterisation of the pharmacology of ad- 
ditional opiate peptides is required before a definite conclusion 
can be reached, these experiments show that the in vitro sodium 
effect provides information about the agonist~antagonist quality 
of opiate peptides when assessed in the very specific experi- 
mental conditions described here. The sodium effect probably 
occurs because receptors for endogenous as well as exogenous 
opiates exist as an inter-converting equilibrium between an ago- 
nist conformation and an antagonist conformation associated 
with a sodium binding sitet 1128-27, 

N-Allyl-[p-Ala]*-Met-enkephalin seems to be a weak ago- 
nist with mild antagonist character in vivo with a small sodium 
shift in vitro like that of opiate alkaloid partial antagonists. The 
clinically undesirable effects of chronic opiate administration 
have previously been demonstrated for [p-Ala]?-Met- 
enkephalinamide®, B-LPH (61-91) (ref. 28), and Met-enke- 
phalin®*, Opiate peptides with partial antagonist quality might 
have diminished physical dependence and tolerance liability 
like the analgesics in the mixed agonist-antagonist benzomor- 
phan group of opiates®*. In any case, these results suggest the 
feasibility of developing a ‘pure’ opiate peptide antagonist by in 
vitro analysis. Such an antagonist might more readily block the 
physiological actions of endogenous opiate peptide ligands; 
Lord er al. have already shown that the currently available al- 
kaloid antagonists are surprisingly weak at blocking some ac- 
tions of opiate peptide agonists®. 

We thank Dr Derek Smyth for the gift of the C fragment 


of B-LPH used in these studies. Met-enkephalin and [p-Ala]?- 
Met-enkephalin were obtained from Dr Jaw-Ken Chang. 

Note added in proof: Hahn et al.*! have found that N-allyl- 
Leu-enkephalin has antagonist properties in the guinea pig 
ileum. 
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Subcellular localisation of leucine- 
enkephalin-hydrolysing activity in rat brain 


THE naturally-occurring pentapeptides leucine- and methi- 
onine-enkephalin which exhibit agonist activity at the opiate 
receptor’ are subject to rapid deactivation by tissue homo- 
genates’*. The primary mode of degradation has been dem- 
onstrated to be cleavage of the Tyr-Gly amide bond’. It 
is not surprising, therefore, that the opiate actions of the 
exogenously administered peptides are transient** and the 
biological half life of the peptides is very short. We have 
previously studied degradation of the enkephalins in rela- 
tively crude preparations and we present here a study of the 
subcellular localisation of enkephalin-hydrolysing activity 
(EHA) in rat brain. We found a heterogenous distribution 
of EHA in rat brain subfractions and evidence for enzyme 
heterogeneity. Opiate receptors are apparently functionally 
unrelated to the site of EHA in synaptic membranes. 

Rat brain subcellular fractions were obtained from whole 
rat brain, excluding medulla and cerebellum, by the method 
of Whittaker”. Blood was obtained by cardiac puncture and 





Table 1 Enkephalin-hydrolysing activity in rat plasma, CSF and 
unlysed brain subfractions 





Tissue (fractiont) Enzyme specific Total protein (mg) 


activity* 
Plasma 2.41 +0.31 (6) 39.24-7.45 mi} 
CSF 2.00 +:0.85 (10) 0.54 -+0.26 ml ~ 
Brain soluble (S;) 30.54 + 5.57 (5) 36.05 + 5.41 
Nuclear (P,) 7.51 -+1.22 (5) 11.82-1.57 
Microsomal (P,) 3.294- 1.11 (5) 24.38 +5.63 
Myelin (A) 0.96 -+0.91 (5) 10.63 +3.07 
Synaptosomal (B) 7.754 1.47 (5) 15.80-2.40 
Mitochondrial (C) 4,84 + 1,76 (5) 21.19-+5.71 


Values are mean + s.d.; number of determinations in parentheses. 
The assay mixture, containing [3,5-°H -Tyr]-Leu®-enkephalin (1 pCi, 
final concentration 10-4 M), 0.5 M Tris-HC1 buffer pH 7.4 (0.1 ml), 
and the preparation to be assayed (50-200 ug, protein), was diluted 
with distilled water to a final volume of 0.5 ml. The mixture was 
incubated at 37 °C for 15 min and an aliquot (0.2 ml) taken and 
added to ice cold methanol (0.1 ml). After separation of the denatured 
proteins by centrifugation, an aliquot (0.05 ml) of the supernatant 
was applied in a narrow band to the foot of a silica gel thin-layer 
plate (Kieselgel-GF,,,, 520 cm, Merck) together with authentic 
samples of tyrosine and Leu®-enkephalin. After development using 
chloroform—methanol-acetic acid-water (45 : 30 : 6:9, v/v) as sol- 
vent, the markers were visualised with ninhydrin (1%, w/v in ace- 
tone). Zones corresponding to the substrate and product were scraped 
and the silica suspended in a mixture of water (2 ml) and PCS (5 ml, 
“Amersham-Searle). Radioactivity was determined using a Packard 
2450 scintillation counter. Protein concentrations were determined 
by the method of Lowry ef al +t. 

*Enzyme specific activity expressed as nmol enkephalin hydrolysed 
per mg protein per min. 

tLetters in parentheses refer to the classification of subcellular 
fractions as used by Whittaker". 
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cerebrospinal fluid (CSF) by puncture of the cisternum 
magnum of rats. The EHA was assayed using [3,5 H-Tyr]- 
Leut-enkephalin (Radiochemical Centre, Amersham) as 
substrate, by either determining the rate of formation of 
(3,5-*H]-tyrosine or the rate of disappearance of the sub- 
strate after thin-layer chromatographic separation of the 
two tritiated species. 

The pH optimum for EHA in plasma, synaptosomes and 
brain high speed supernatant was pH 7.2. Significant EHA 
was found in all subcellular fractions (Table 1). Plasma, in 
contrast to CSF, was found to be a potent source of EHA. 
This is consistent with the results of studies reporting detec- 
tion of enkephalin-like activity in CSF (refs 12, 13). The 
soluble fraction (S4) of rat brain was also a good source of 
EHA. Of the particulate fractions examined synaptosomal 
(B) and nuclear (P;) fractions showed highest enzyme specific 
activity. The even distribution of EHA in a crude membrane. 
fraction (P2) from various rat brain regions shown by Meek 
et al.’ would be expected from the considerable EHA asso- 
ciated with the mitochondrial fraction as this activity would 
contribute to a high background level of EHA of other than 
synaptosomal origin. 

In view of the putative role of the enkephalins as inhibi- 
tory neurotransmitters or neuromodulators, it was of par- 
ticular interest to explore the localisation of the synapto- 
somal enzyme. The synaptosomal fraction (B) was lysed by 
suspension in water for 30min at 0-1 °C. The lysate was 
then fractionated on a discontinuous sucrose gradient as 
described by Whittaker". The activity of the subfractions 
obtained is shown in Table 2. Some soluble enzyme was 
released which possessed similar activity to that obtained in 
the soluble fraction from whole brain. The synaptosomal 





Table 2 Enkephalin-hydrolysing activity in rat brain lysed synapto- 





somal subfractions 
Fraction (fractiont) Enzyme specific Total protein (mg) 
activity* 

Soluble (O) 35.26-+ 12.0 (4) 2.49 -+-1.33 
Vesicular (D, E) 0.91 + 1.00 (4) 1.30+-0.56 
Synaptosomal 

membranes (F, G, H) 2.62-40.96 (4) 7.40 +4.93 
Intra-terminal 

mitochondria (I) 3.26+1.19 (4) 2.20-4-1.70 





Values are mean --s.d.; number of determinations in parentheses. 
Assay methods as for Table 1. 

*Expressed as nmol enkephalin hydrolysed per mg protein per min. 

+Letters in parentheses refer to classification of Whittaker’. 


mitochondrial fraction also possessed activity similar to that 
found in the mitochondrial fraction from whole brain. The 
EHA associated with the vesicular fraction was low whereas 
significant EHA was associated with the synaptosomal 
membrane fractions (F, G, H) and this latter activity may 
have a significant role in terminating the physiological action 
of the enkephalins. 

Simantov et al.“ have shown that synaptosomes contain 
the highest levels of enkephalin activity and this study 
shows that substantial EHA is present in intact synapto- 
somes, so it follows that enkephalins must be protected 
from hydrolysis in some way, possibly by sequestration 
within vesicles. This would be consistent with the evidence 
presented here and analogous to the subcellular storage 
and inactivation of acetylcholine”. 

It was of interest to examine the sensitivity of BHA 
in brain subcellular fractions to various reagents in an 
attempt to cast some light on the uniformity of enzyme ac- 


tivity present. The results are presented in Table 3. Rat : 


brain EHA was uniformly inhibited by leucyl-@-naphthyl- 
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Table 3 Effect of various reagents on rat brain and plasma enkephalin- 





hydrolysing activity 
Tissue (fraction) Leucyl-f- EDTA* p-Chloro- 
naphthylamide mercuriben- 
zoate 

Plasma 4i 14 0 
Brain soluble (S,) 79 47 90 
Synaptosomal (B) 92 1 90 
Mitochondria (C) 62 15 93 
Soluble (O) 82 0 19 
Synaptic vesicles (D, E) 100 100 42 
Synaptosomal 

membranes (F, G, H) 71 0 47 
Intra-terminal 

mitochondria (D) 78 16 92 





Values are % inhibition. Final inhibitor concentration was 0.5 mM. 
Tissue classification as in Tables 1 and 2. 
* Adjusted to pH 7.4 with NaOH. 


amide (0.5 mM). The patterns of inhibition observed with 
EDTA and p-chloromercuribenzoate did not run in parallel 
suggesting considerable enzyme heterogeneity in the frac- 
tions studied. 

In view of the structural similarities demonstrated’ 
between the enkephalins and standard opiates it seemed 
possible that the latter could be competitive inhibitors of 
EHA. Of a series of compounds tested (buprenorphine, 
etorphine, fentanyl, ketocyclazocine, methadone, morphine, 
nalorphine, naloxone, pentazocine and pethidine) represent- 
ing a wide range of structures and activities, only etorphine, 
fentanyl and methadone showed any inhibitory propertics 
(about 50% at 0.66mM, the highest concentration tested). 
In the light of the high affinity that the majority of these 
compounds demonstrate for the opiate receptor, it can be 
concluded that the pharmacological receptors and ‘the sites 
of enzyme activity in synaptic membranes are functionally 
unrelated. 

In summary, a heterogeneous distribution of EHA has 
been observed in rat brain subfractions. The demonstration 
of activity in the synaptic membrane fraction and the low 
level of activity found in the synaptic vesicle fraction are 
observations not inconsistent with the putative role of the 
enkephalins as neurotransmitters or neuromodulators. 


A. C. LANE 
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Aull, UK 


Received 20 June; accepted 18 July 1977. 


1 Hughes, J. ef al, Nature 258, 577-579 (1975), 

2 Hughes, J. Brain Res. 88, 295. 308 (1978), 

3 Pert, C., Bowie, D. L., Fong, B. T. W. & Chang, J. K. Opiates and Endogenous 
Opioid Peptides (ed. Kosterlitz, H. W.) 79-86 (North-Holland, Amsterdam, 

4 Hambrook, J. M., Morgan, B. A., Rance, M. J. & Smith, C. F. C. Nature 262, 
782-783 (1976). 

5 Meek, J. L., Yang, H. Y. T. & Costa, E.. Neuropharmacology 16, 151-184 (1977). 

$ Bellinzi, J.B. et al. Nature 260, 625- 626 (1976 ). 

7 Pert, C. B., Fert A., Chang, J. K, & Fong, B. T. W. Seience 194, 330-332 (1976). 

8 Goldstein, A. Science 193, 1O81- 108611970. 

® Chang, J. K., Pore: B. T. W., Pert, A. & Pert, C. Life Sci. 18, 1473 (1976). 

16 Whittaker, V. P. in Handbook of Neurochemistry (ed. ‘Lajtha, A.) 327-364 
(Plenum, London, 1969). 

n Lowry, O. H, Rosebrough, N. J., Farr, A. L. & Randall, R. J. J. biol. Chem. 193, 
368. "278 (1951), 

12 Wahistrom, A. Johansson, L, & Terenius, L. Opiates and Endogenous Opioid 
Peptides ted. Kosterlitz, oe W.) 49-56 (North-Holland, Amsterdam, 1976). 

13 Hughes, Jin Centrally Acting Peptides (Macmillan, London, in press). 

14 Simantov, R., Snowman, A. M. & Snyder, S. H. Brain Res. 107, 680-687 (1976). 

15 Bradbury, A. F. Smith, D. G. & Snell, C. R. Nature 260, 165- 166 (1976). 

16 Horn, A. S. & Rodgers, J. R. Nature 260,795- 797 (1976). 


Nature Vol. 269 1 September 1977 
EEOSE E EEEN Oe NEA EDERE EEEE RTENE SC ME SE ea TLR aT aR TCE TY 





Unconventional serotonergic 
excitation in Aplysia 


EXCITATORY potentials of long duration have been observed 
in vertebrate’"’ and invertebrate*’’ neurones. In Aplysia, 
Gerschenfeld and Paupardin-Tritsch’ have found that 
5-hydroxytryptamine (5-HT) can produce two kinds of long 
excitatory responses (A’ and æ) with different ionic mech- 
anisms. The A’ response was described as an increase in 
sodium conductance. The response became smaller as the 
cell was depolarised, and was extrapolated to a reversal 
potential of 0 mV. In contrast, the a response was attributed 
to a decrease in potassium conductance, since it had a re- 
versal potential near —80 mV and became larger as the cell 
was depolarised. Krnjevic et al.’ and Weight and Votava’ 
have hypothesised a similar mechanism for the long excita- 
tory potentials which they observed in cat cortical neurones 
and frog sympathetic ganglia, respectively. Using the voltage 
clamp technique we observed a prolonged excitatory 
response to 5-HT, the characteristics of which are unlike 
either of those described previously. At hyperpolarised levels 
it resembles the A’ response, becoming smaller with de- 
polarisation, but at depolarised potentials the amplitude of 
the response dramatically increases. 

Long excitatory responses with this characteristic could 
be recorded in cells of the left caudal quarter of the ab- 
dominal ganglion and in unidentified neurones of the buccal 
ganglia of Aplysia californica. The ganglion was pinned out 
and bathed in a solution of artificial seawater at pH 7.8. 
Cells were impaled with a glass capillary microelectrode 
filled with 1.5 M KCI. Membrane potential was clamped by 
the single microelectrode method of Wilson and Goldner’. 
An iontophoretic electrode containing a saturated solution 
of 5-HT was positioned extracellularly, and adequate bias 
current was applied to prevent leakage of the transmitter. 
To eject the 5-HT, standard pulses of positive current were 
passed through the electrode at a constant frequency of 
about once every 5 min. At this rate, desensitisation would 
not occur. It was ensured that the amplitude of the 
response was constant and that manipulation of membrane 
potential and the perfusion of seawater solutions would not 
alter the response. Since membrane potential was held 
constant by the voltage clamp, a depolarising response is 
expressed as inward current. 

The membrane potential dependence of the long excita- 
tory response is illustrated in Fig. 1a and b. As the cell is 
depolarised from —80 to —30 mV, the current response 
decreased in amplitude. Above —30 mV, the current re- 
sponse dramatically increased in size. In other cells this 
dramatic increase occurred at potentials as negative as 
—40 mV. Additionally, at depolarised levels, the current 
was prolonged and reached a maximum amplitude more 
slowly. The response seems to be comprised of two com- 
ponents: a linear component (1 in Fig. 15) at hyperpolarised 
levels and a nonlinear component (2 in Fig. 15) which 
begins to influence the response between —40 and —SO mV. 
This nonlinear component was observed in over 80% of 
the cells in which a prolonged excitatory serotonergic 
response was recorded (25 cells). In each case where com- 
ponent 2 was seen, it was as distinct and prominent as the 
sample shown in Fig. 15. 

Occasionally, the long response to 5-HT was accom- 
panied by an excitatory response with a short time course 
(the A response of Gerschenfeld and Paupardin-Tritsch‘). 
This fast response behaved in a totally conventional manner. 
As reported by Gerschenfeld and Paupardin-Tritsch‘, the 
response became smaller with depolarisation and seemed to 
have a reversal potential near OmV. At potentials where 
the prolonged response was enlarged, the fast response in 
the same cell was extremely reduced in amplitude. This was 
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š cell this point was approximately —20 mV (compare Fig. 


a 
; 16 and c). We considered the possibility that the anomalous 
-10 mV response to 5-HT at depolarised levels (component 2) could 
be due to a reduction in the potentiated membrane con- 


ductance at these potentials. Figure 2 shows the results of 


-20 mV me conductance measurements before and during a response to 
z 5-HT. While the potential of the cell was clamped to 


—12 mV, hyperpolarising command pulses were applied to 


30 mV — e the cell every 20 s. During the response to 5-HT the current 2 
eon change produced by these pulses was reduced, indicating: 


an apparent conductance decrease. At membrane potentials. 

more negative than —30 mV, this reduction in membrane 
-50 mV FT as conductance was not observed. In fact, there was either a | 

small increase in conductance or, often, no measurable 
change at all in the membrane conductance of the cell. 
~70 mV Tha DE during the response at —80 mV. : o 
The apparent decrease in membrane conductance at 


potentials above —30 mV could be due to a decrease ito 
potassium or chloride conductance. Preliminary ion sab=co | 











b Membrane potential (mV) stitution experiments show that this is not the case. In both 
-90 -70 -5 -30 -10 high (30 mM) and low (1 mM) extracellular potassium, the ~ 
M aE E pini n A A L) response was unaffected. Decreasing extracellular chloride 
eae < concentration to 77mM was also without effect on the _ 
ye wee? 4 £& excitatory response to 5-HT. Figure 3a shows a typical ion _ 
` %2 substitution experiment. This particular experiment illus- 

j2 3 trates that elevation of extracellular potassium does not 

= alter the response. 
| g The apparent decrease in conductance could also be due 
S to a voltage-sensitive increase in inward sodium current, Jno 
FA Fig. 1b, the line labelled 2 can represent such a current. 

4-4 5 As the cell is depolarised, the inward current is enhanced. 

& Summing this component of the response with the current 

4 Pe) produced by a voltage-independent conductance change (1 


in Fig. 1b) would result in the observed response. Since 
+ +10 component 2 would be reduced during a hyperpolarising 
command, there would be an apparent conductance de- 
crease. Such a voltage-sensitive sodium or calcium con- 
ductance has. been shown to underline the regenerative slow 
wave potentials and negative resistance region of bursting 
cells’. This possibility is supported by ion substitution experi- 
ments. Replacement ‘of extracellular sodium with sucrose 
consistently attenuated both components of the response, 
suggesting that the response is in some way dependent on 
sodium ions (Fig. 35). 

It is likely that the unconventional response shown. here 
is actually the A’ response of Gerschenfeld and Paupardin- 
Tritsch*, which was attributed to am increase in sodium 
conductance. Since their observations were made in an 
| unclamped cell, rectification prohibited their recording at 
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Fig. 2 a, Long excitatory response to 5-HT, administered at the ` l 
dot. Membrane potential was voltage clamped to -12 mV. b, 
Hyperpolarising voltage commands applied before and during an. 


Fig. 1 a, Prolonged excitatory response to 5-HT. Cell membrane 
potential was ‘voltage clamped and current was recorded. 
lontophoretic pulse was applied at the dot. At -10 mV the 
response is prolonged and greatly enhanced. Calibration: 2 nA, 
24 s. b, Plot of membrane potential against response amplitude 
for the same cell as in a. The response seems to be composed 
of two components: a linear component, labelled 1 and a non- 
linear component, labelled 2. c, Current—voltage relationship for 
the same cell as in a and b. Note the correspondence between the 
increase in the conductance of pe celi and the enhanced response 
to 5-HT. 


taken as evidence that the enhanced component 2 of the 
long response was not simply an artefact of the voltage- 
clamping system, for if it were, the short response would 


sbe equally enhanced. 


- A comparison of the current-voltage relationship of the 
“eel (Fig. 1c) and the amplitude—potential relationship of 
the response to 5-HT (Fig. 16) shows that the 5-HT re- 
sponse increased dramatically at the same potential where 
the membrane conductance increased. In the illustrated 


identical response to 5-HT. The current change produced by the 


voltage commands is reduced during the response. Calibration: . 


2 nA, 48 s. 
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Fig. 3 Effect of ion substitutions on the long excitatory response 
to 5-HT. The responses shown in a and b were obtained from the 
same cell. a, Sample responses in normal (left) and 30 mM Kt 
seawater (right) were recorded while the cell was voltage clamped 
to -20 mV. Calibration: 2 nA, 24 s. A plot of membrane potential 
against response amplitude illustrates that high potassium sea- 
water (©) does not alter the responses obtained in normal sea- 
water (@). b, Sample responses at a membrane potential of -20 
mV were greatly attenuated by Nat -free seawater, in which sucrose 
was added to maintain isotonicity. Calibration: 2 nA, 24s. A plot 
of membrane potential against response amplitude illustrates that 
the Na*-free seawater (©) reduced the response at all membrane 
potentials. @, Normal seawater. 


very depolarised levels’. Fig. 1b shows that component 2 
of the response would be missed unless potentials above 
—30 mV were sampled. Extrapolation of the curve consist- 
ing of only the points below —30mV would indicate a 
reversal potential near —20 mV which is similar to that of 
conventional, sodium-dependent response**. It is unlikely 
that the response we have observed is due to the stimulation 
of a combination of receptors which produce an increase in 
sodium conductance and a decrease in potassium conduct- 
ance (A’ and a, respectively). Our second component can 
first be seen to influence the current response near —40 mV 
and seems to have no effect on the response at more hyper- 
polarised potentials. Also the response is insensitive to 
changes in extracellular potassium concentration. 

Our data show an unconventioaal long excitatory re- 
sponse to 5-HT. The response at hperpolarised potentials 
behaves simply as an increase in sodium conductance, 
whereas at depolarised potentials the current is enhanced 
and accompanied by an apparent decrease in membrane 
conductance. This unusual component may be due to 
serotonergic activation of a votage-sensitive sodium con- 
ductance, whereas conventional synaptic and iontophoretic 
responses result from voltage-independent conductance 
changes. The response we described represents a new type 
of neurotransmitter action: the induction of voltage- 
sensitive ionic channels. 
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Light-induced fluctuations in membrane 
current of single toad rod outer segments 


VERTEBRATE photoreceptors respond to illumination with a 
reduction in the steady current of Na ions which in dark- 
ness flows inwards across the outer segment membrane; this 
results in hyperpolarisation of the cells’. The light responses 
of the receptors can be studied by measuring extracellular 
voltage gradients’? or by intracellular recording’, but these 
methods can only provide information averaged over many 
photoreceptors owing respectively to high extracellular 
conductivity and to the presence of electrical coupling 
between cells*"*. This averaging and the presence of dark 
voltage noise in photoreceptors*’’ have prevented observa- 
tion of the electrical effects of individual! photoisomerisa- 
tions. To try to record these elementary events and to 
localise the source of the dark noise, we have developed a 
method for recording the membrane current of a single 
rod outer segment. The technique is based on that used by 
Neher and Sakmann’ on muscle fibres. 

Small pieces of retina were isolated from dark-adapted 
toads, Bufo marinus, and maintained in previously oxygen- 
ated toad Ringer’. On the stage of an inverted microscope 
fitted with an infrared image converter, a single rod outer 
segment was drawn under visual control into a close-fitting 
suction electrode containing Ringer (Fig. 1). The resistance 
of the suction pipette was initially 1-2 M& and rose to 4- 
10 MQ with an outer segment in place. A current sensor 
between the pipette and a reference electrode in the bathing 
solution recorded the bulk of the membrane current flowing 
across the region of outer segment within the pipette. 
Recording resolution was limited by thermal noise in the 
leakage resistance of the space between the electrode wall 
and the outer segment, and to measure transient currents of 
the order of picoamps the bandwidth was normally 
restricted to 5-10 Hz 

Flashes of light evoked net outward photocurrents which 
were graded with stimulus intensity. As in previous extra- 
cellular? and intracellular’ **** measurements, the response 
amplitude saturated with increasing intensity in a hyper- 
bolic manner. The half-saturating photon density was about 
1 photon um” for ‘red’ rods stimulated with 500 nm light, 
comparable with results obtained with intracellular voltage 
recording‘, and the maximum photocurrent obtainable from 
a cell corresponded closely to complete suppression of its 
dark current, with values for different cells ranging up to 
23 pA. Although intracellular voltage responses to bright 


t 
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Fig. 1 Arrangement for recording membrane current of a rod 
outer segment. A suitably oriented outer segment was drawn by 
gentle suction into a close-fitting glass electrode, E, with fire- 
polished and vinyl-coated tip (Stoner-Mudge resin, Mobil). 
Membrane current, /m, was recorded with amplifier A, a Func- 
tion Modules model 380K, selected for low noise*. V, variable 
voltage used to compensate differences in electrode potentials and 
to measure electrode resistance. Amplifier output, —i,,R, was 
further amplified and recorded on a chart recorder and an FM 
tape recorder. Feedback resistance, R, 100 MQ. 


flashes display a prominent initial transient component‘, 
no such phase has been seen in the membrane current re- 
sponse from the outer segment. This may indicate that the 
voltage~-sensitive channels generating the transient are not 
located in the outer segment. The dim flash responses were 
often considerably slower than the corresponding responses 
observed previously with internal electrodes‘, with times to 
peak of 2-6 s. The reason for this is not clear, but it might 
result from our procedure of cutting the retina into small 
pieces. 

Responses of a rod to a serics of dim flashes of fixed 
intensity applied locally on its outer segment are shown in 
Fig. 2. There was considerable variation in response ampli- 
tude and four flashes seem to have failed to elicit a re- 
sponse. Measurement of the peak amplitude gave a mean 
of 2.0pA and a variance of 2.2 pA’, which, assuming a 
Poisson distribution, indicates an event size of 1.1 pA and 
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Fig. 2. Responses of a ‘red’ rod outer segment to brief flashes of blue- 
green light delivered at intervals of 12s. Membrane current above, 
outward current upward, bandwidth 5 Hz: stimulus monitor 
below. Stimuli were local slits of light slightly larger than the 
40 um length of outer segment in the electrode. Intensity of the 
506 nm stimulus at the preparation was estimated from readings 
of the unattenuated light made with a Tektronix digital irradiance 
meter and from in situ calibrations of the neutral density filters 
made with a photon counter (Princeton Applied Research, 

> Quantum photometer). The flash width at half amplitude was 18 
toms, and the estimated mean photon density was 7.9 x 107? 
“photons per um? per flash. The effective collecting area of the 
portion of the outer segment in the electrode was estimated as 
12.5 um? from measurements of cell dimensions, assuming an 
axial pigment density of 0.016 um ~! and a quantum efficiency of 

isomerisation of 0,65, 


719 


a mean of 1.8 events per response. If a correction were 
made for nonlinear summation, the estimated event size 
would increase somewhat, and the mean number of 
events per flash would correspondingly decrease. The in- 
tensity of the light applied to the preparation was deter- 
mined from photometer and photomultiplier readings as 
0.079 photons um™* which was estimated to cause a mean 
of 0.99 photoisomerisations in the portion of outer seg- 
ment within the suction pipette. This number of events is 
in reasonable agreement with the value of 1.8 estimated 
from the current fluctuations. 

Figure 3 illustrates responses of the same rod to steady 
lights of increasing intensity, The lowest intensity (a) gave 
a response which rose with a considerable delay after the 
shutter opened and which fluctuated and then disappeared 
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Fig.3 Responses of the outer segment of Fig. 2 to steady lights 

of increasing intensity. Upper traces (a-d): membrane current, 

bandwidth 10 Hz; lower trace: stimulus monitor. For each 

response the intensity of 500 nm light was (photons m=? $74): 
a, 6.1.x 1073; b, 2.0x 1077; c, 3.6 x 107$; d, 30. 





before the shutter closed. Two higher intensities (b, c) gave 
larger responses still marked by fluctuations, but a saturat- 
ing light (d) gave a smooth response. The light for trace 
(a) had an intensity of 0.0061 photons #m™’s™, which 
should on average have caused about 0.076 photoisomerisa- 
tions per second in the recorded region of outer segment. — 
On this basis the number of isomerisations expected in a 
60-s stimulus would have been 4.6+2.1. Inspection of ‘trace 
(a) shows four discrete deflections although it is possible that 
more events may have occurred. The absence of a response 
in the later part of the trace presumably resulted from the 
absence of any isomerisations during that period. In trace 
(b) the mean response during illumination was 2.5 pA and 
the variance was 0.7 pA’. Ignoring nonlinear summation of 
elementary events and taking a shape factor™ of 0.68 gives 
the amplitude of the elementary event as 0.42 pA, in rough 
agreement with that obtained from the flash run. The 
mean number of simultaneous events in trace (b) would 
then have been 6.0, which, with an integration time*® of 8s 
(from the flash responses of Fig. 2), corresponds to 0.75 
events per second, as compared with a rate of 0.25 photo- 
isomerisations per second estimated from the light in- 
tensity and cellular dimensions. 


Assuming that the driving potential on the light- 
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sensitive conductance is 40 mV (refs 1, 3, 10), the observed 
current event of about 1 pA would correspond to a photon- 
induced conductance decrease of 25 pS. This is comparable 
to the conductance of an acetylcholine channel'”, but 
several times larger than that of a sodium channel in 
nerve’. An elementary current event of I pA together 
with the measured flash sensitivity of 700 uV per photo- 
isomerisation with diffuse light‘ indicates that the resistance 
of an individual rod would be about 700 M2 in the absence 
of coupling to other cells. 
A noticeable feature of the presumed responses to single 
photons was their rounded shape. In contrast, the opening 
and closing of single channels in other preparations leads to 
rectangular-shaped changes in conductance", This may 
imply that a large number of channels are affected by 
each photoisomerisation or that a single channel fluctuates 
, 80 rapidly between open and closed states that only the 
average behaviour is observed. 
Responses to bright lights, such as that in Fig. 3d, 
occasionally showed suppression of the dark noise, similar 
to the effect seen with intracellular recordings®”. In one 
cell the variance measured in the band 0.2 to 5Hz was 
0.050 pA? in darkness and 0.017 pA? during a light which 
gave a saturating response of 13 pA. The difference power 
spectrum was broadly consistent with a Lorentzian of half 
power frequency 1.5 Hz. It is not yet clear whether such 
dark current noise arises from conductance fluctuations in 
the outer segment or from fluctuations in intracellular 
voltage arising from a noise source elsewhere in the cell. 
This work was supported by grant EY-01543 from the 
National Eye Institute, USPHS. 
Note added in proof: It has come to our attention that 
a similar method of recording from rod outer segments has 
been reported by Jagger”. 
K.-W. Yau 
T. D. Lamp 
D. A. BAYLOR 

Department of Neurobiology, 

Stanford University School of Medicine, 

Stanford, California 94305 
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Transport mechanism 
operating between blood 
supply and osteocytes in long bones 


WE show here that cyclic loading, as naturally occurring in long 
bones, produces a flow of liquids through canaliculi. The magni- 
tude of such a stress-induced flow is so great that it significantly 
increases the efficiency of the transport mechanism operating 
between blood supply and osteocytes. 

The present state of knowledge, according to the curricula in 
biology and medicine. describes the mechanism of supply of 
nutrients to Haversian bone cells (osteocytes) and disposal of the 
waste products from the cells by the process of diffusion’?. 
Diffusion is a very powerful mechanism in other areas of the body 
where, first, there is a short distance between the vessel and the 
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cell and, second, the cells are surrounded by fluid. The osteocytes 
of Haversian bone (Fig. la), however, are almost completely 
entombed in a calcified matrix except for the long and narrow 
canaliculi through which the nutrients and waste products must 
pass. Thus, diffusion is probably quite weak and it must be aided by 
another mechanism. 

Assuming that bone is compressible and is loaded in compres- 
sion, the volume of the canaliculus would decrease and thus pump 
the liquids out into the central vessel. After unloading, fresh 
nuturients will be drawn in from the Haversian canal into canaliculi 
(Fig. 1b). There ts indeed much supporting evidence that cyclic 
loading of bone affects its mass: it grows thick and healthy. 
immobilisation, bed rest or weightlessness, results in atrophy and 
in general loss of bone mass. 

The proposed mechanism is examined here in greater detail. The 
lamellar structure of the Haversian system has been previously 
described and earlier studies established only that lamellae differ in 
the orientation of collagen fibres and perhaps in their mineral 
content. More observations were made recently by Vincent’, 
Ascenzi et al.4 and Boyde*. The pertinent information of these 
investigators may be summarised as follows. 

Concentric cylinders of lamellae may differ from each other by 
their size, orientation of collagen fibres and ratio of mineral to 


Fig. 1 a, Schematic representation of the microstructure of cortical 
bone!. b, Simple model of stress-induced flow in the lacunar- 
canalicular system. 
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organic phases. Ascenzi et al.* distinguished some of the lamellae 
as true lamellae, 5-7 pm wide, and some as interlamellar cement- 
ing zones, 1.5-2 um wide. The latter displayed random orientation 
of collagen compared with the regular fibrous structures of 
lamellae. 

Scanning electron micrograph of a fractured bovine bone 
treated with ethylene diamine, to remove the organic phase also 
revealed lamellar arrangements of phases in an osteon (Fig. 2). 
Similar observations were made on sectional specimens of bone 
treated with 95% hydrazine. It may reasonably be assumed that the 
empty spaces between the solid cylinders had a higher content of 
the organic phase, and any mineral phase present existed there in 
the classical form of discontinued crystallites which presumably 
dropped out on removal of the organic phase. Closer exam- 
ination of the remaining mineral rings suggests a continuous 
polycrystalline structure (Fig. 3). 

For the study of flow within the lacunar—canalicular network, 
organic material with suspended mineral was assumed to behave 
as a liquid, that is, capable of transmitting hydrostatic pressure, 
Thus, the Haversian system may be visualised as multiple con- 
centric porous mineral cylinders separated by regions of liquid 
(Fig. 4). Such a structural arrangement can be easily analysed by a 
mathematical and physical model. It was also assumed that the 
pressure in the central cylinder would remain constant (equal to 
capillary blood pressure) and independent of flow through the 
canaliculi. The general concept and solution technique for axially 
loaded liquid-filled single and multiple concentric cylinders has 
been previously described in great detail (refs 6, 7). 

After axial compressive loading of the model (Fig. 4), a 
hydrostatic pressure gradient is produced between the liquid 
regions. As flow occurs through the cylinders (canaliculi modelled 
as circular tubes), liquid on the inner side of the peak pressure 
moves radially inwards as in the simple model (Fig. 1b). Liquid on 
the outer side of the peak pressure, however, initially travels 
outwards and then, after ¢ = 0.0013 s. inwards. Thus, in one-half 
of the loading cycle, the middle and outer areas of the model 
experience a two-way flow, whereas the inner areas only a one-way 
flow, This same pattern, opposite in direction, occurs after release 
of the load. 

In both the simple and concentric cylinder models, it has been 
shown that cyclic stressing produces cyclic flows within the 
lacunar-canalicular network of the Haversian system. What 
remains to be shown is the order of magnitude of difference 
between the effect of the stress-induced flow and diffusion in 
transporting nutrients and waste products. 

A set of calculations was performed for each liquid region to 
compare a common variable, the local displacement of a constant 
concentration, between a diffusion model and the stress-induced 
flow model for the period of 0.5 s, which approximates to one-half 
of a walking cycle, that is. a period of a normal loading of a long 
bone. The local displacement for the stress-induced flow model 
was calculated by assuming that the total volume change of that 
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Fig. 3 Portion of a lamella of the osteon in Fig. 2 illustrating 


polycrystalline arrangement of the mineral phase 


region and its outer regions flowed through the canaliculi of that 
region. 

For the diffusion model, a linear concentration gradient of the 
diffusing matter varying from 100°% in the central liquid region to 
10% in the outermost liquid region was assumed. One-dimensional 
diffusion in a semi-infinite medium was considered, that is 


C=C, [l —erf (x/2(DT)"?)) 


The estimate of the diffusion coefficient, D=10* cm? s'', was 
based on the results of the in vitro bone diffusion experiments of 
Amprino® and Lang er al.”. The local displacement for the 
diffusion model was the distance that the assumed local con- 
centration moved in 0.5 s. The ratio of the local displacement of the 
stress model to that of the diffusion model as a function of radius is 
given in Table 1. 





Table 1 Comparison of local displacement values for stress-induced flow 
and diffusion models 
Ratio: induced flow /diffusior, 


Liquid region Radius (um) 


2 16 3.700 
3 23 1.140 
4 30 490 
5 37 230 
6 44 110 
7 5] 46 
8 58 12 








Although no direct calculation can be made relating fluid 
movement and diffusion in the stress induced flow model, it is felt 
that diffusion would be aided significantly by increased mixing 
caused by the very large relative motion of liquids through both the 
rough-walled canaliculi and the lacunae. 

In addition to this very basic comparison, an examination of the 
pattern of the flow in Fig. 4 indicates that the reversed directions of 
flow in canaliculi during compression and relaxation cycle would 
produce additional mixing of liquids, thus aiding further the 
mechanism of diffusion. It is also reasonable to assume consider- 
able mixing to occur in each lacunae until diffused product would 
reach most outwardly located osteocytes. 

The mechanism of the radial motion of molecules through the 
canaliculi and lacunae is completely unknown, The osmotic 
behaviour of cell membranes and processes surely plays an 
important part. An approximation of the canaliculus to a round 
tube is also inaccurate. An electron microscope examination of the 
wall of the canaliculus reveals uneven and porous surfaces!”. 
Thus, there may be many other factors affecting diffusion pro- 
cesses between the blood vessels and bone cells. This investigation 
demonstrates the existence of one very powerful aiding mechanism 
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Fig. 4 Stress-induced flow in the lacunar--canalicular system mod- 
elled as a number of concentric cylinders separated by regions of 
liquid (detailed calculations in ref. 7). 


which should not be neglected when considering transport of 
molecules through the canaliculi. 
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Unstable protein mediated ultraviolet 
light resistance in Anacystis nidulans 


CYANOBACTERIA are believed to have been precursors to 
eukaryotes during Precambrian evolution’. It is also 
suggested that the oxygen evolved as a result of photo- 
synthetic activity iù these organisms, several of which are 
obligate photoautotrophs, was the major contributor towards 
the transition from anaerobic to aerobic atmosphere’. It 
is, therefore, reasonable to expect cyanobacteria to have 
evolved in an environment with a relatively high flux of 
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solar ultraviolet light in the absence of ozone shield. This, 
presumably, could be possible with the evolution of efficient 
protective mechanisms or repair systems effective against 
damage by ultraviolet light. It is therefore not surprising 
that these organisms possess an extremely efficient photo- 
reactivating repair system*. The presence of dark-repair in 
Anacystis nidulans has also been suggested by the isolation 
of mutants sensitive to ultraviolet light’. We present here 
physiological evidence for a dark-repair (or protective) 
system in this organism. A protein, unstable at least in the 
light, seems to be responsible for the resistance against 
lethal damage by ultraviolet light. This is observable in 
conditions of reduced photoreactivation achieved by a 24h 
post-irradiation dark incubation, referred to here as ‘dark- 
survival’ following Asato, who showed that well within this 
period photoreactivability of damage by ultraviolet light is 
almost completely lost*. 

Strain BD-1 A. nidulans was cultured and plated in syn- 
thetic medium, C-Mn, as described by Van Baalen”. The 


cells were grown in light (200 foot-candle (fc)) from tungsten 


lamps, at 35 °C in a shaker. Exponentially grown cells were 
used for all the experiments. The plates were incubated in 
the presence of 200+10 fc of light from tungsten lamps and 
were maintained at 36+1 °C in an incubator. After 5-6 d 
of growth the colony counts were taken. 

Incubation of cells with chloramphenicol before exposure 
to ultraviolet light sharply reduced their dark-survival (Fig. 
1). Almost the maximum reduction in the dark-survival at 
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Fig. 1 Kinetics of survival by A. nidulans on exposure to 
ultraviolet light during incubation in light in the presence and 
absence of chloramphenicol. Exponential phase cultures of strain 
A. nidulans BD-1 at a concentration of 10°-10° cells per ml 
without further washing were divided into two fractions. In one 
fraction chloramphenicol was added to a final concentration of 
5 ug ml? (@). The other fraction contained no chloramphenicol 
(©). Both the fractions were incubated at 36-+-0.5 °C in a water 
bath shaker. Light from tungsten lamps was incident at an 
intensity of 200 fe. At indicated time after the addition of 
chloramphenicol samples were diluted in the growth medium at 
35 °C and spread on synthetic agar plates prewarmed to the same 
temperature. Plates with cells were exposed to 165 J m~? of 
ultraviolet light (254 nm) from Philips TUVISW germicidal lamp 
at an intensity of 11 J m?s. The control and ultraviolet light 
exposed cells were kept in the dark for 24 h at 35 °C. After the 
dark-incubation all the plates were transferred to light 
(200+ 10 fe) at 35-41 °C. After incubation in light for 5-6 d 
the colony counts were taken. 
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Fig. 2 Survival of A. nidulans on exposure to ultraviolet light 
when preincubated in visible light in the presence and absence of 
chloramphenicol (CAP), as function of post-irradiation dark- 
incubation temperature. Exponentially growing cells without 
~ further washing were incubated in light (200 fc) without (©) and 
with 5 pg ml~ of chloramphenicol (@) for 3 h at 3640.5 °C in 
water bath shaker. Control and. treated cells were washed and 
resuspended in fresh growth medium at 35 °C and 10 ml sus- 
pensions of each were immediately exposed to 330 J m~* ultra- 
violet light. 1-ml aliquots of control and irradiated cells were 
transferred to thermally equilibrated tubes at indicated tempera- 
tures in the dark. After 24 h of dark-incubation at the respective 
temperatures the cells were diluted, plated and grown for colony 
counts as described in the legend to Fig. 1. The ratio of surviving 
fraction of untreated to chloramphenicol treated cells at the 
indicated temperatures is also shown (x). 


35 °C was achieved in about 3h of chloramphenicol treat- 
ment. The extent of the dark-survival also depends on the 
post-irradiation temperature (Fig. 2). This dark-survival was 
significantly lower in the cells pretreated with chloram- 
phenicol in the temperature range 20-40 °C. The ratio of 
the surviving fractions of the untreated to the chloram- 
phenicol treated cells was a function of the temperature of 
the dark-incubation, with a maximum at about 30 °C. These 
results strongly suggest that some protein(s) normally 
present in the cell before the ultraviolet light exposure is 
involved in the dark-survival. The cells preincubated with 
chloramphenicol for 3 h or more are deficient in this protein 
suggesting its unstable nature. The higher survival at lower 
temperatures in Fig. 2 may be due to the arrest of 
(enzymatic) reactions leading to the loss of photoreversibility 
of the lesions which on subsequent incubation for growth 
in light may be removed by photoreactivation. When the 
chloramphenicol treated cells were exposed to photore- 
activating light after ultraviolet light irradiation, their sur- 
vival was comparable to untreated cells showing that the 
“above protein(s) is not the photoreactivating enzyme. In- 
“cubation in the dark before ultraviolet light exposure is 
known to increase the dark-survival of this organism’. 
Chloramphenicol treated cells also showed a similar resist- 
ance when incubated in dark before ultraviolet light 
exposure. This unstable protein, therefore, may not have 
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a significant role in the development of the resistance of 
cells to ultraviolet light on preincubation in the dark. 

The repair protein(s) described here is unstable in as much 
as the associated repair capacity is considerably reduced 
by the preirradiation treatment with chloramphenicol. In 
contrast, the same treatment does not measurably affect the 
photoreactivating capacity. A previous attempt to detect 
the presence of an unstable repair protein in yeast was 
unsuccessful’; in yeast pretreatment with nuclear specific 
protein synthesis inhibitor did not affect the liquid holding 
recovery’. In Escherichia coli an inducible repair protein 
synthesised after exposure of the cells to ultraviolet. light 
has been detected*-”. 

It is not clear whether this unstable protein has a role in 
unirradiated cells of A. nidulans. This organism may possess 
a constitutive or a visible light inducible repair pathway 
involving a protein which is independent of light for its. 
action. Such a system could have a very important role in 
ensuring survival in an. environment where photoreactivat- 
ing system could not meet the challenge by a relatively high 
intensity of ultraviolet light. Regulation of repair processes 
by visible light has been suggested for eukaryotes’. No 
specific mechanism is known. 

I thank Dr S. K. Mahajan for critically reading the 
manuscript, and K. A. V. David, N. D. Shirke and G. 
Bhattacharjee for their cooperation. 
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Detection of casein messenger RNA 
in hormone-dependent mammary 
cancer by molecular hybridisation 


THe growth and development of the normal mammary 
gland are regulated by the complex interaction of both 
peptide and steroid hormones’. Whereas some breast 
cancers retain the hormone-dependent characteristics of 
normal mammary tissue™*, other tumours loose this respon- 
siveness and grow autonomously. Following the pioneering 
work of Huggins‘ on the hormonal dependence of both 
experimental and human breast cancer, investigators seek- 
ing a prognostic test have studied the relationship of specific 





oestrogen receptors to mammary cancer”? to the response. 


of the tumour to endocrine ablation’*, and to the levels of 
other steroid’ and peptide hormone receptors'"™. A superior 
marker for hormone responsiveness would, however, be a 
measurable product of hormone action rather than the 
initial binding interaction. In the mammary gland, casein 
synthesis has been used as a specific biochemical marker of 
differentiated function and hormone responsiveness. In the 
studies reported here, a specific complementary DNA copy 
(cDNA) of rat casein mRNA has been utilised to study the 
effects of hormones on the expression of differentiated 
function in chemical carcinogen-induced mammary adeno-. 
carcinomas. It is shown that casein mRNA as detected by 
cDNA may be a useful indicator of hormone dependence 
in experimental breast cancer. The cDNA probe was syn- 
thesised using as a template a 15S casein mRNA fraction 
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Fig. 1 Effect of hormonal treatment on the growth of DMBA- 
induced rat mammary carcinomas. Mammary adenocarcinomas 
were induced in 50-d-old female Sprague-Dawley rats by a 
single intubation of 20mg DMBA. Tumours usually appeared 
8-14 weeks after the administration of the carcinogen. 
a, Hormone dependence was assessed without ovariectomy by 
the single injection of an anti-oestrogen, nafoxidine 200 ug s.c., 
given at the time indicated by the arrow. b, Hormone dependence 
of tumours was also determined by measuring the response to 
ovariectomy and the administration of hormones, either 
oestradiol benzoate (10 pg every 3d s.c. in sesame oil, @), or 
oestradiol benzoate and prolactin (ovine, 35 TU mg~, (NIH-P- 
$12) 1 mg daily i.p., ©). Arrows indicate the time of ovariectomy 
(OVEX) followed by hormone administration. 


purified 180-fold from a lactating RNA extract by chroma- 


tography on dT-cellulose and several precise sizing tech- 


_ niques’. The template mRNA fraction represented 

greater than 90% casein mRNA, as estimated by specific 
imtnunoprecipitation of the total protein synthesised in the 
wheat germ assay, and by a careful analysis of its kinetics 
of hybridisation with the cDNA probe”. The specificity of 
the complementary DNA copy of the 15S casein mRNA 
has been demonstrated previously®. This cDNA probe 
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selectively hybridised to RNA from lactating tissue but not 
to rat liver poly(A)-containing RNA and the resulting 
hybrid displayed a high Tm characteristic of a well base- 
paired duplex. In addition, the rate of hybridisation of the 
casein-specific cDNA to various RNA preparations was 
directly related to the casein mRNA activity of these same 
preparations determined by a cell-free translation assay. 

In these studies, 7,12-dimethylbenz(a)anthracene(DMBA)- 
induced rat mammary carcinomas were utilised as a model 
for hormone-dependent breast cancer**. At least 80% of 
these tumours have been reported to respond to endocrine 
ablation and the levels of both oestradiol and prolactin 
receptors have been characterised previously”. In addition, 
a limited number of autonomous mammary tumours in- 
duced in BALB/c mice have been screened for the presence 
of casein mRNA sequences. The amount of casein mRNA 
was quantified by analysing the rate of hybridisation of the 
complementary DNA with total RNA extracts of lactating 
and tumour tissue. 

The characteristic growth response of the DMBA-induced 
rat mammary tumours to either ovariectomy and hormone 
administration or anti-oestrogen treatment are shown in 
Fig. 1. Ovariectomy resulted in a marked reduction in 
tumour size (Fig. 1b). Following either oestradiol adminis- 
tration or a combination of oestradiol and prolactin treat- 
ment, rapid growth was re-initiated. A single injection of 
nafoxidine, an oestrogen antagonist, also prevented the 
growth of hormone-dependent tumours for approximately 
1 week without ovariectomy. (Fig. 1a). Following the return 
to the previous growth rate in the presence of the endo- 
genous hormonal milieu, tumours were then removed and 
frozen before RNA extraction. 

The hybridisation of the casein-specific cDNA to purified 
casein mRNA, RNA isolated from lactating tissue, and 
RNA isolated from some of the various hormone-dependent 
tumours is iMustrated in Fig. 2. The 15S casein mRNA 
displayed a rate of hybridisation consistent with its high 
purity, and hybridised approximately 166 times faster than 
a total RNA preparation from 8-d lactating tissue. Both of 
these reactions occurred with the expected pseudo-first- 
order kinetics and proceeded to greater than 90% com- 
pletion. Both the rates and extents of hybridisation of the 
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Fig. 3 Quantification of casein mRNA levels in hormone- 
dependent DMBA-induced rat mammary carcinomas. A total of 
31 DMBA-induced tumours were assayed for the presence of 
casein mRNA by molecular hybridisation as described in Fig. 2. 
The tumours were divided into four groups based on the treat- 
ment received (see Fig. 1). The data are expressed as a percentage 
of an 8-d lactating RNA preparation, which was run as a control 
during each group of hybridisations. The lactating RNA con- 
tained approximately 0.52% of the total cellular RNA as casein 
mRNA, equivalent to approximately 80,000 molecules of 
casein mRNA per alveolar cell, The number of positive 
tumours containing casein mRNA divided by the total number 
of tumours assayed in each treatment group is given as a fraction 
beneath each group. 


tumour RNA preparations were less than those observed 
for the RNA preparation from lactating tissue. The 
maximum hybridisation observed at saturation or achieved 
by a Rot (the concentration of RNA, mol 1”, times the time, 
s) value of 1,000 for the casein mRNA containing tumour 
RNA extracts ranged from 25-100%. Any RNA extracts 
which displayed less than 20% hybridisation by a Rot value 
of 1,000 were considered not to contain significant amounts 
of casein mRNA. 

The data obtained from these hybridisation experiments 
are summarised in Fig. 3. Significant hybridisation was 
observed for 22 out of 31 (approximately 70%) of the RNA 
preparations isolated from the hormone-dependent tumours. 
The levels of casein mRNA found in the hormone- 
dependent tumour RNA preparations ranged from 0-36% 
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of those found in the 8-d lactating RNA preparation, which 
had been estimated previously to contain as many as 80,000 
molecules of casein mRNA per alveolar cell”. The highest 
levels of casein mRNA were observed in tumours of ovari- 
ectomised rats treated with both oestradiol and prolactin 
and the lowest in tumours growing under endogeneous 
hormonal stimulation. The amount of casein mRNA 
present in tumours of animals treated with both oestradiol 
and prolactin was also greater than the level found in 
animals treated with oestradiol alone. This result is con- 
sistent with the role of prolactin in the induction of casein 
synthesis and casein mRNA in normal mammary tissue™. 
A wide range was observed, however, in casein mRNA 
sequence levels in the different primary DMBA-induced 
tumours even within a given treatment group. A similar 
variability in the levels of prolactin and oestradiol receptors 
has also been reported in these DMBA-induced tumours”. 
This variability is most likely explained by the hetero- 
geneity of cell types that exists within these tumours. Some 
cells may contain prolactin receptors and display the normal 
hormonal response, whereas others may either lack pro- 
lactin-binding sites or display an altered response. Two such 
distinct populations of cells have actually been identified in 
DMBA-induced mammary tumours by autoradiographic 
localisation of prolactin receptors using **I-prolactin”. 
Whereas the majority of the DMBA-induced mammary 
adenocarcinomas in Sprague-Dawley rats are dependent on 
hormones for growth, those which appear in BALB/c mice 
are characteristically hormone-independent. The molecular 
basis for this autonomy and the difference in response of 
related species to the same chemical carcinogen are not 
well understood. Several transplantable mouse mammary 
tumour lines were also screened for the presence of casein 
mRNA sequences. Because of the previously reported 
sequence divergence of mouse and rat casein mRNAs”, a 
homologous cDNA probe was synthesised using a purified 
15S mouse casein mRNA fraction as the template for avian 
myeloblastosis virus RNA-directed DNA polymerase. This 
cDNA probe displayed similar hybridisation kinetics with 
the purified mouse 15S casein mRNA and a total RNA 
preparation obtained from lactating mice as previously 
observed for the rat CDNA and mRNA fractions (Fig. 4). 
In addition, casein mRNA sequences were detected in RNA 
extracts obtained from 14-d pregnant mouse mammary 
tissue at levels less than one-fifth those observed during 
lactation, illustrating the sensitivity of the hybridisation 
assay. In none of the three autonomous mouse mammary 
tumour RNA samples tested, however, was any significant 
hybridisation detected. This assay is capable of detecting 
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Fig. 4 Measurement of casein mRNA sequences in hormone-dependent mouse mammary tumours. T he mouse mammary tumours used in 

these studies were transplantable lines originally induced by DMBA administration to BALB/c mice. These tumours grew equally well in 

intact female or ovariectomised animals. Hybridisation of mouse °H-cDNA with purified mouse 15S casein mRNA (A), RNA isolated from 

a 10-d lactating mouse (A), RNA isolated from a 14-d pregnant mouse (@) and RNA isolated from three different transplantable lines of 
foes 6 Oe mouse mammary carcinomas induced with DMBA (O, Q, [). 
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casein mRNA sequences at levels of less than at least 
0.1% of the normal lactating gland. Thus, these three 
tumours seem to represent variants, which have lost the 
hormonal responsiveness characteristic of the normal 
mammary gland and the accompanying expression of 
differentiated function. 

The absence of casein mRNA sequences in the hormone- 
dependent mouse mammary carcinomas is consistent with 
the autonomous growth of these tumours. The failure to 
synthesise casein mRNA in response to endogenous hor- 
mones may reflect the absence or low levels of oestradiol and 
prolactin receptors in these cells". A more thorough 
examination of other tumour variants, especially receptor- 
positive cells which are unable to synthesise casein, may 
help elucidate the mechanisms regulating casein synthesis. 
A larger selection of both hormone-independent and 
dependent rat and mouse mammary tumours should be 
screened before a definitive correlation between the pre- 
sence of casein mRNA sequences and hormone in- 
dependence of mammary tumours can be ascertained. The 
detection of casein mRNA in hormone-dependent rat 
mammary carcinomas in this study, however, is consistent 
with the previously reported expression of normal, dif- 
ferentiated function in both experimental'*’” and human 
breast cancer”, In addition, prolactin-inducible casein 
mRNA activity has also been detected recently in experi- 
mental breast cancer using a cell-free translation assay”. 
In conclusion, the data presented in this communication 
suggest that casein mRNA may be a useful molecular 
marker for determining hormone dependence, in addition 
to the presence of steroid and peptide hormone receptors. 

We thank Mr David Cooke, Ms Carol Waugh and Ms 
Gail Brady for assistance. Drs William McGuire and Daniel 
Medina kindly provided some of the DMBA-induced rat 
and mouse mammary carcinomas, and some of the 
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A theory for genetic 


regulation by chromosome folding 

Tes theory to explain gene expression in higher organisms is 
based on the spatial re-arrangement of genes by directed, 
specific folding of the chromosome. Tissue-specific differences 
in genome structure exist! and profound modulation of genome 
structure can occur during differentiation’. It is postulated that 
specific proteins recognise specific sequences in double-stranded 
repetitive DNA and that, as a consequence, the structural genes 
encompassed by these repetitive sequences become accessible 
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to the transcribing proteins. Transcription and translation then 


result in synthesis of proteins characteristic of the particular , 


differentiated state. The interactions of metals and other ions 
with repetitive DNA (ref. 3) may be important in this recogni- 
tion. 

The model is further described in the following example 
where S,, S, and S, are structural genes specifying proteins 
P,, P, and P; and R,, R, and R, are repetitive sequences. 
Suppose that a sequence of DNA is 


R,S,;R,...... RSR... R,S3R, 


and that P, is a tissue-specific recognition protein that initiates 
and stabilises the association of double-stranded repetitive 
sequences R, with each other. These R, sequences need not be 
identical, but if they are identical they must be orientated in 
opposite directions (Fig. 1). This results in a localised distortion 
and/or unwinding of the DNA double helices (perhaps through 
the formation of a localised four-stranded structure) which is 
transmitted to the encompassed DNA, thus loosening the 
‘nucleosome’ structure and making the DNA available for 
transcription. Thus both S, and S,, but not S,, are transcribed 
and translated giving proteins P, and P, characteristic of the 
particular tissue. The presence of protein P, will maintain the 
particular differentiated state. Such an arrangement of repeti- 
tive and unique DNA is consistent with the data (but not the 
analysis) of Davidson er al.* 

Since most proteins are synthesised in more than one tissue, 
it is necessary to postulate that a structural gene may have 
more than one associated repetitive sequence. This will result 
in a continuum of repetition frequency classes, the frequency of 
each is dependent on the number of different cell types in which 
its associated structural gene is expressed. For example, 
R,R,S,R,R;...R.R,S,.R,R,....R,S,R,. Thus, in different 
tissues the genes expressed are: (a) S, and S4; (b) Sa; (c) S, and 
S;. Such an arrangement of repetitive and unique sequences is 
suggested by Cech and Hearst. Where several sequential genes 
are coordinately expressed in a given tissue, the group will be 
encompassed by the appropriate repetitive elements. 

Development of the differentiated state can also be explained. 
For example, suppose cell a differentiates to give cell b which 
gives rise to the mature cell c. The genome of cell a is stabilised 
in its specific conformation by protein X and produces proteins 
A, B and C. At cell division X is broken down and nuclear 
reprogramming occurs®. Protein C thus has access to the genome 
and stabilises it in the conformation characteristic of cell b, 
which produces proteins D, E and F. At the next reprogram- 
ming, protein F has access to the genome and stabilises it in the 
conformation characteristic of cell c which produces proteins 
F, G and H. The continuing presence of F ensures the mainten- 
ance of the differentiated state. 


Fig. 1 Interaction of tissue-specific recognition protein P, 


stabilises the association of double-repetitive sequences R, with 

each other. a, Identical R, sequences; b, non-identical R, 

sequences. As a result, structural genes S, and S, but not S}, 
are made available for transcription. 











4 





Nature Vol. 269 1 September 1977 


Such transcription active regions may be equivalent to the 
interbands of dipteran polytene chromosomes’ and the ‘loops’ 
observed in lampbrush chromosomes*. Such structures are 
dynamic in that they show developmental and tissue-specific 
differences in size and configuration’. 

I thank Dr K. G. H. Dyke for criticism of the manuscript. 
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Water binding by antifreeze 
glycoproteins from Antarctic fish 


Low molecular weight glycoproteins isolated from serum 
of Antarctic fish have been shown! to be responsible for 
freezing point depression which permits survival at 
temperatures down to —1.9°C. The principal active 
antifreeze glycoprotein (AFGP) of several Antarctic species 
consists of a repeating tripeptide Ala-Thr-Ala with a 
disaccharide galactosyl-N-acetylgalactosamine linked to the 
threonine residue™*. The AFGP is more effective in 
freezing-point depression on a weight basis than NaCl and 
several hundredfold more effective than ordinary proteins’. 
Melting point, however, is virtually unaffected by the 
AFGP*. We have investigated the possible role of protein- 
bound water in the unusual antifreeze activity of the AFGP. 
Ordinary proteins such as bovine serum albumin, haemo- 
globin, and lysozyme show hydration levels of about 
0.4g H:O per g protein’. This water does not freeze at 
temperatures down to ~—35 °C, but is sufficiently mobile 
to produce a measurable proton magnetic resonance signal. 
Quantitative determination of the amount of this ‘bound’ 
water is therefore possible in frozen protein solutions’. 
We have used this technique to examine water binding 
by the AFGP over a range of temperatures below the 
freezing point of bulk water. 

Antifreeze glycoproteins 1--6 (ref. 2) were isolated from 
Dissostichus mawsoni (Norman) at McMurdo Sound 
Station, Antarctica and purified by DE-22 cellulose ion- 
exchange chromatography. The product was dialysed 
exhaustively against distilled water and lyophilised. Samples 
for magnetic resonance were prepared in 0.01 M KCI at 
concentrations of 25-100mgml™' determined by weight 
and ultraviolet absorbancy. Solutions of standard globular 
proteins, bovine serum albumin (Schwarz—~Mann, crystalline, 
100%) and human oxyhaemoglobin (gift from R. Banerjee) 
were prepared similarly. Nuclear magnetic resonance 
(NMR) spectra were recorded on a Perkin-Elmer R12 
spectrometer operating at 60MHz. No accumulation 
procedures were necessary. The samples in commercial 
NMR tubes were cooled from room temperature in 5° 
steps to —5 °C. At this temperature solvent alone froze 
and the proton resonance signal disappeared completely. 
In the case of the protein solutions which supercooled, 
bulk water freezing was induced by lowering the instrument 
temperature control to —20°C until the first indication 
of loss of signal was observed (about 2 min). The control 


fo was returned to —5°C and signals were followed until 


equilibrium (constant peak area and line width) was 
achieved. The time dependency of the signal response was 
followed with each subsequent change of temperature in 
5° increments to —40°C (cooling curve) and in the 
return to the melting temperature of the solution (warming 
curve). Peak area stabilised in about 15 min, line width 


Bound water (mg per mg protein) 





Temperature ( C} 


Fig. 1 Amounts of ‘bound’ (unfrozen) water in protein solutions 
at temperatures below the freezing point of bulk water. Open ` 
symbols represent data taken during cooling from —5° C; closed 
symbols are data collected during warming. V, A, AFGP; 
©, @, bovine serum albumin; ©, W, human haemoglobin. 


in about 30 min, after a temperature change. The reported 
data were obtained after equilibration for 60 min; in these 
conditions line widths for cooling and warming coincided 
except in the case of the AFGP above —10°C. Line 
width values represent the width at half-height of the 
absorption curves. Areas were calculated as the product 
of line width and height and were converted to absolute 
values for hydration by comparison with a standard water 
sample (4.5M LiCl, 0.01 M MnChY. 

Figure 1 presents hydration results for the three proteins 
Studied during cooling from —5 to —35 or -~40°C 
and subsequent warming to —2 °C. Amounts of unfrozen 
water were directly proportional to protein concentration 
in the range studied. In the case of the two globular 
proteins identical results were obtained during cooling and 
warming. At temperatures of —20 to —35°C the 
hydration averaged 0.40 g per g protein, in agreement with 
previous studies’. In the AFGP, hydration at the low 
temperatures is 0.55g per g protein; above —15°C 
hysteresis in the temperature dependency is observed. 
During cooling, hydration values as high as 1.1g per g 
protein are observed, whereas’ with warming values of 
about 0.6g per g are found, as in the two protein 
standards. 

Line width data show the expected exponential increase 
with decreasing temperature (Fig. 2). Arrhenius activation 
energies are 4.0, 6.5 and 7.7 kcalmol” for the AFGP, 
haemoglobin and serum albumin, respectively. The results 
for the two standard proteins are thus in good agreement 
with previous values for activation enthalpies of protein- 
bound water: 7.3kcalmol* for’ haemoglobin (from 
dielectric relaxation)? and 5.0 kcal mol` for BSA .(from 
proton resonance in frozen solutions)’. The result obtained 
for the antifreeze glycoprotein falls within the range 
observed for polysaccharide hydration, 3.6-4.8 kcal mol”! 
(ref. 11). Estimated activation entropies®* in this study are 
—9 e.u. for AFGP, +4 e.u. for haemoglobin, and +9 e.u. 
for bovine serum albumin. Comparison of results for the 
three proteins suggests that the higher level of hydration 
in the AFGP is associated with somewhat weaker binding, 
presumably fewer hydrogen bonds, and a less structured 
environment. 

Relaxation behaviour in the frozen AFGP solutions 
during cooling was suggestive of a two-phase system with 
slow exchange’. Thus, at —5°C a sharp resonance of 
line width about 100 Hz seemed to be superimposed on 
a broad band of width 600 Hz (Fig. 3), merging at lower 
temperatures. Both were distinguishable from bulk water 
which, before its freezing by means of the cold pulse, 
showed a line width less than 10 Hz. The additional com- 
ponent of unfrozen water in the AFGP apparently 
represents a category intermediate between Type I (bulk 
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water) and Type H (bound water)’. In quantitative terms 
the 100mg mi"! AFGP solution at —5 °C contains about 
90% Type I water, 5% Type II water, and 5% additional 
unfrozen water. Type IH, irrotationally bound water’, is 
not measurable by this technique, but is anticipated to be 
less than 0.1%. 

The level of Type Il water in the AFGP seems to be 
consistent with its chemical composition. On the basis 
of hydration values of 1.5 H:O/alanine residue and 
2 H:O/threonine residue”, hydration of 0.37 g per g protein 
would be predicted for the copolymer (Ala-Ala-Thr)s. 
Since the polypeptide accounts for 39% of AFGP weight’, 
it would therefore contribute 0.15 g H:O per g AFGP to 
the total hydration. Hydration of the sugar portion of the 
molecule would have to be 0.66g per g carbohydrate to 
account for the remaining AFGP hydration. This figure is 
similar to the value of 0.59 g per g reported for Agarose’'. 
The magnitude of the line width for the Type I water in 
the AFGP is consistent with an unstructured conformation 
of the molecule, as shown by circular dichroism’ and 
confirmed for the samples used in this study. Signal 
broadening has been observed in urea-denatured bovine 
serum albumin® and in random-coil polypeptides’. 

Of particular interest is the possible significance of 
either the Type II water or the additional unfrozen water 
in the AFGP relative to freezing-point depression. AFGP 
occurs as several molecular forms in fish plasma at a 
total concentration of about 25 mg ml; the active forms 
studied here account for up to 10mg ml” (ref. 2). Thus, 
the amount of water bound by the AFGP in plasma 
represents only 1% of total water. Nevertheless, the 
similarity in temperature-dependent hysteresis of the 
resonance data and that of the freezing-melting behaviour 
of the AFGP"™ suggests a possible role for this water in 
the antifreeze activity. Studies of partition of the AFGP 
in frozen solutions indicate that the AFGP molecules are 
themselves incorporated into ice during freezing”, 


Fig. 2 Arrhenius plots of line width data for unfrozen water in 
protein solutions. V, A, AFGP; ©, @, bovine serum albumin; 
0, W. human haemoglobin. 
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Fig. 3 Proton resonance spectra of unfrozen water in solutions 
of the antifreeze glycoprotein at —5°C (a), —8°C (b) and 
—10 °C (c). 


although they do not affect other freezing characteristics 
such as salt compartmentalisation”. It has been suggested 
that AFGP may prevent ice propagation by direct binding 
to ice surfaces, thus increasing surface free energy or 
simply coating the ice with a barrier of unfreezable 
water”. Normal protein-bound Type II water is apparently 
not effective in freezing-point depression, as evidenced by 
the absence of this activity in ordinary proteins’. The 
explanation for AFGP activity, however, may lie in the 
elevated levels of water that is resistant to freezing, and 
in the extended conformation of the molecule which 
serves to optimise surface contacts with ice crystals. 
Comparative studies of water binding in model poly- 
saccharides and in related fish glycoproteins which lack 
antifreeze activity should shed further light on the activity 
of this unusual protein. 
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The Human Quality. 
Peccei. Pp. 214. (Pergamon: Oxford 
and New York, 1977.) Paperback, 
£3.25; $6. Hardback, £6.50; $12. 


By Aurelio 


To write about this book as a reviewer 
is easy, but as a critic is difficult. I 
shall try to do both. 

The early part of the book is an 
artless life-story of a modest, sincere, 
and courageous man. Aurelio Peccei 
was a freedom-fighter in the Resistance 
in Italy, imprisoned at one time by 
the Nazis. He then became a highly 
successful industrialist. It is ironic, in 
the light of his present activities, that 
his industrial success was to provide 
large numbers of mass-produced auto- 
mobiles which polluted Europe and— 
through Peccei’s special efforts—Latin 
America. 

But Peccei’s conscience survived 
this material success and he turned in 
1957 to something with a dash of 
altruism added to industrial acumen : 
an engineering and economic con- 
sultancy which was to do work in 
developing countries on a non-profit- 
making basis. It was not a Pauline 
conversion exactly, for Peccei still 
maintained his connections with the 
manufacture of automobiles, but he 
had come to the view that multi- 
national companies have a respon- 
sibility to society above that of mak- 
ing profits for their shareholders. By 
the 1960s, his family being now grown 
up and ‘his level of affluence being 
adequate, Peccei found himself free to 
reflect on human destiny. 

The rest of the book describes 
Peccei’s reflections and the practical 
steps he has taken to disseminate 
them. The most significant of these 
steps was the formation of the Club 
of Rome, which is an informal group 
of people who are concerned with 
what they call the problematique. The 
problematique is (Peccei writes) the 
“intractable tangle of difficulties” 
which constitute the present “predica- 
ment of mankind.” 

: That there are intractable difficul- 
“ties facing industrial societies and the 
developing nations no-one questions 
for a moment. But that Peccei and the 
Club of Rome are the first people to 
have realised this, is nonsense. The 
Club (writes Peccei, observing that 
“we know incredibly little about our 


changed conditions”) is “the first to 
rebel against this well nigh suicidal 
ignorance.” This claim to priority is 
just one of a string of unacceptable 
assertions in the book. Has the Club 
of Rome not heard of H. G. Wells, 
Aldous Huxley, George Orwell, Lewis 
Mumford, Bertrand de Jouvenal? 
Were they not aware of the prob- 
lematique? 

Peccei offers a somewhat querulous 
defence of the best-known project of 
the Club of Rome, which was to 
sponsor the book Limits to Growth. 
The warning in this book, that con- 
tinued exponential growth would lead 
to collapse, was (Peccei writes) “de- 
nounced as nothing more than a 
heretical and misinformed libel.” This 
is a grossly inaccurate way to describe 
the sober and careful criticism which 
Limits to Growth received. Peccei 
does nothing to refute these criticisms; 
indeed he does not even mention what 
the criticisms are: not a word about 
the reasoned indictments from the 
University of Sussex or the World 
Bank. These critics were not (as Peccei 
suggests) defending the “sacred cow 
of growth” nor were they under the 
impression (as Peccei suggests) that 
the Club of Rome advocated zero 
growth. The critics were simply ex- 
posing the spurious assumptions which 
had been fed into MIT’s computer. In 
a later chapter, but without acknow- 
ledging the debt which the Club of 
Rome owes to these critics, Peccei 
concedes some of their criticisms. 
“Perhaps,” he writes, “science and 
technology are capable of placing at 
mankind’s disposal the immense re- 
sources required. . . .” 

It is over 50 years since Raymond 
Pearl published data on the sigmoid 
curves of population growth and dis- 
cussed some of their consequences. 
The Club of Rome has performed a 
useful service in stimulating popular 
interest in the climacteric of modern 
society: the transition from accelerat- 
ing growth rate with positive feedback 
to decelerating growth rate with nega- 
tive feedback; and I am willing to 
acknowledge that the issue had to be 
made sensational in order to capture 
public attention. But the basic stra- 
tegical error which the Club has made 
(and which Peccei makes even more 
egregiously) is to deflect people from 
paying attention to thousands of mini- 
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solutions to mini-problems (which is 
the way society is most likely to sur- 
vive this transition) by dangling before 
them one Comprehensive Maxi- 
Solution. 

Assertions about the maxi-solution 
occupy most of the space in Peccei’s 
book. They are offered in the tedious 
platitudes which are the despair of 
people who are seriously engaged in 
the minute particulars of trying to 
improve the condition of society. 
“[S]ociety must see to it that all the 
benefits which the system can provide 
—including goods and services—are 
actually put at the disposal of all.” 
Mankind “must undergo” a process of 
“total re-education.” It is the use of 
the word “must” which riles me. Even 


if you accept the premise—that 
“must” implies ‘“‘ought’—-there are 
two consequential questions which 


follow the use of the word “must”; 
one is: “How?” The other is: “Im- 
posed by whom?” Neither Peccei nor 
the Club of Rome offer any answers 
to these two questions. Without 
answers, these intoxicating declara- 
tions simply save people the trouble 
of considering far more important 
problems, such as how to see to it that 
some of the benefits of the system 
can be put at the disposal of some 
people, and that in place of the airy 
policy of total re-education for every- 
one (New York stockbrokers, Italian 
politicians, Indian peasants, Ghanaian 
cocoa farmers, Moscow policemen! ), 
there is encouragement for thousands 
of people who are trying to do a little 
re-education for a few. 

So I reject Peccei’s whole approach 
to the predicament of mankind on the 
simple criterion that these vague and 
sweeping clichés which he offers as 
the recipe for achieving social justice 
are as impotent to solve the prob- 
lematique as similar vague generalisa- 
tions would be for the production and 
sale of automobiles. But—and here I 
am in complete agreement with Peccei 
—the problematique (much as I dis- 
like the word) does stand for some- 
thing real which confronts govern- 
ments all over the world. What can 
take the place of Peccei’s sincere but 
futile gestures to mankind at large? 
I think there are modest and much 
less colourful alternatives. It would be 
more effective if diagnoses of the pre- 
dicament of mankind were to separate 
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clearly what is (that is, to get the facts 
straight) from what ought to be (which 
is legitimate ethically provided you say 
why it ought to be); and never to 
proceed to “must’, for on that way 
lies compulsion, dictatorship, the rule 
of Leviathan. A wise assumption 
would be that social attitudes cannot 
be changed except incrementally, and 
that there are “tolerance limits”, so 
to speak, to the magnitude of a change 
which people will contemplate and be 
prepared to accept. Any proposal which 
lies outside these tolerance limits is 
rejected; it creates resentment, sales 
resistance, is (in modern jargon) 
counter-productive. 

And, finally, all attempts to define 
goals for mankind are likely to be 
mirages, vanishing as one approaches 


them. There is another way to move 
toward goals: that is not to demand 
a grandiloquent metamorphosis of 
mankind, but instead to encourage 
little groups of people all over the 
place to make wise choices over small 
changes in society. For it is one lesson 
of history (and it would do the Club 
of Rome no harm to read a little his- 
tory) that ends are continually being 
re-defined by the means being used in 
groping toward those ends; and it is 
another lesson of history that men and 
women do respond to messages which 
lie within their range of understand- 
ing, but mankind is deaf to all 
messages. o 


Eric Ashby is at present Walgreen Pro- 
fessor of Human Understanding at the 
University of Michigan. 





GC-MS system 


Fundamentals of Integrated GC-MS. 
Part II: The Integrated GC-MS 
Analytical System. By B. J. Gudwino- 
wicz, M. J. Gudwinowicz and H. F. 
Martin. Pp. vii+603. (Dekker: New 
York and Basel, 1977.) SFr.190. 





Tuts third part of the text on analytical 
chemistry was written in mid-1976 
and surveys knowledge about the inte- 
grated gas chromatography—mass 
specrometry (GC-MS) system up to 
that date. 

The first chapter deals with basic 
vacuum technology and the interface 
between the GC and MS, seeks to pro- 
vide enough of a mathematical treat- 
ment of gas flow characteristics to 
permit an understanding of the prob- 
lems associated with interfaces to be 
appreciated. All of the usual enrich- 
ment devices are discussed in detail and 
their characteristics compared. The 
authors have made excellent and very 
full use of tables, graphs and drawings 
of apparatus as well as including in the 
text many references to original work. 
The chapter contains 181 pages with 18 
tables, 88 figures, 263 mathematical 
equations and 221 references. 

The middle chapter deals with the 
methods which are available to opti- 
mise the operational parameters of 
each separate part of the integrated 
GC-MS analytical system. The authors 
consider each operational parameter in 
turn and deal with the optimisation of 
carrier gas flow rates, injection sys- 
tems, the thermostability of liquid 
phases, chromatography columns of 
various types, inlet and effluent 
splitters, separator enrichment factors 
and characteristics, source temperature 
and pressure, ionising potentials, sensi- 
tivity, scan rates, dynamic resolution, 
ratio recording, and the use of peak 
matching techniques to measure the 


accurate mass of fragment ions during 
GC-MS scans. This long chapter is 
fully illustrated and well referenced, 
containing 202 pages with 29 tables, 96 
figures and 484 references. 

The final chapter deals with the role 
of a mass spectrometer as a GC 
detector and the data processing of the 
mass spectral results. The role of the 
ion monitor in producing a total ion 
monitor (TIM) graph is discussed, and 
multiple ion monitoring and single ion 
monitoring techniques are reviewed in 
detail. Several examples of the use of 
mass fragmentography techniques for 
the analysis of biological samples are 
described and the sensitivity of 
detection and quantification using 
single ion monitoring are discussed. 

The history of the application of 
data processing techniques to mass 
spectrometers is reviewed and the use 
of these systems for the calculation of 
the accurate masses and the molecular 
formulae of fragment ions, and their 
display in terms of element maps, is 
described. Repetitive cyclical scanning 
GC-—MS-COMP systems are described 
where the mass and abundance infor- 
mation is stored in disc systems ready 
for regeneration in the form of 
individual mass spectra, outputs from 
library search routines or mass chroma- 
tograms. The final chapter contains 140 
pages with 15 tables, 68 figures and 171 
references. 

The authors have provided a book 
which is a mine of information for 
those involved in, or about to embark 
on this field. It is prepared to a high 
standard and is well indexed. It is a 
‘must’ for every GC-MS laboratory but 
it is priced (190Fr=£46) well beyond 
the resources of most individuals. 

James A. Ballantine 


James A. Ballantine is Senior Lecturer and 
operator of a GC-MS system in the 
Chemistry Department of the University 
College of Swansea, UK. 
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Statistical 
mechanics 
revised 


Statistical Mechanics. Second edition. 
By J. E. Mayer and M. G. Meyer. Pp. 
491. (Wiley: Sussex, New York, Sydney, 
Tokyo, and Mexico City, 1977.) £17.50; 
$29. 


A CLASSIC BOOK revised by its author 
37 years later for a second edition has 
to be approached with the respect one 
would normally reserve for, say, a fine 
old whisky. This respect is indeed 
deserved, for this book has retained its 
clarity, relevance and coverage. It has 
nevertheless lost some of the quality 
of the first edition: the small print— 
an author’s whisperings into a reader’s 
ear—has gone. So has the author 
index; so have the problems and the 
glossary. The effect is that the material, 
though necessarily altered, covers the 
same number of pages as the first 
edition. I bought my 1948 copy, how- 
ever, for one-seventh of the present 
price. 

Turning to the contents, substantial 
parts of the book are unchanged; for 
example, the early chapters and also 
the treatment of electric and magnetic 
fields. The discussion of black-body 
radiation is postponed to the quantum 
theoretical part, as it was in the first 
edition, and so comes rather late (p368) 
for so important a topic. On the other 
hand, new sections on computer experi- 
ments (p320), on the coupling of 
nuclear spins to electrons and on spin 
echo, up-date the book in the author’s 
lively style. Some unexpected references 
are left, for example (p38), one to 
Gibson’s Amsterdam thesis of 1933, 
which readers are unlikely to want to 
look up to check on the viscosity values 
for hydrogen. A “constant entropy 
paradox” is named, stated, and re- 
solved, but the simple lesson that 
coarse-graining is to some extent re- 
sponsible for entropy increase is not 
very explicitly drawn. There is not 
much on stability or negative tempera- 
tures and on p106 the author might 
have noted that heat capacities can be 
negative (in gravitational systems). 

This book, written by two great ex- 
perts in the field, and now revised with 
extreme care by one of them, remains a 
good introduction, is a source of much 
useful information, and should enjoy 
continued popularity. 


Peter Landsberg 





Peter Landsberg is Professor of Applied 
Mathematics at the University of South- 
ampton, UK. 
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Heterocyclic 
compounds 


Stereochemistry of Heterocyclic Com- 
pounds. Part 1: Nitrogen Heterocycles. 
By W. L. F. Armarego. Pp. 443. Wiley: 
London, New York and Sydney, 1977. 
£27; $45. 





Dr ARMAREGO’S aim is to survey the 
entire stereochemistry of heterocyclic 
compounds, excluding most natural 
products, in two volumes. He has 
chosen to do this by referring freely to 
specialised reviews and other secondary 
sources, thereby avoiding duplication 
of effort and leaving himself free to 
give. quite detailed discussion to the 
remainder of the subject, with em- 
phasis on recent work. This approach 
clearly adds to the value of the book 
to the specialist but runs the risk of 
bittiness and lack of balance for the 
more general reader. Fortunately, Dr 
Armarego’s style and wide-ranging in- 
terest in his subject save the book from 
these dangers, and large parts can be 
read with enjoyment and a sense of 
continuity. 

This volume is concerned with com- 
pounds with nitrogen as the only 
heteroatoms in the rings and is divided 
into a short introductory chapter and 





three very long chapters with com- 
pounds classified by ring size: chapter 
2 covers three-, four-, and five-mem- 
bered rings, chapter 3 six-membered 
rings, and chapter 4 the larger rings. 
Each chapter is subdivided into increas- 
ingly complex classes of compounds in 
a way that makes it generally easy to 
locate information without working 
through the detailed table of contents. 

A book of this type must be up to 
date, reliable and uniform in its cover- 
age of the original literature, clear in 
its diagrams, and concordant with cur- 
rently accepted theory in its interpre- 
tations of the properties of the 
compounds described. In most respects 
Dr Armarego’s book meets these re- 
quirements well. The references are 
very full for the period from 1965 to 
about the middle of 1975. A check on 
the references in chapter 3 showed that 
the average number each year for 1965 
onwards is about six times as high as 
for 1964 and earlier. The abrupt 
change in the frequency of references 
suggests the possibility that Dr 
Armarego’s book may have gaps in 
respect to the earlier literature but I 
have not found any that are important 
and not indirectly covered by the re- 
ferences to secondary sources. Occa- 
sionally there is a lack of balance: for 
example, Kipping’s work on 2,3,5,6- 
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tetramethylpiperazine in the 1930s is 
described in some detail when a re- 
ference to Harris and Sheppard’s con- 
clusive NMR study in 1955 would have 
been sufficient. In contrast, the dia- 
zabicyclo[3.3.1]nonanes are dismissed 
very briefly. This section contains a 
rare but bad example of chemical 
misunderstanding because the ‘normal’ 
amide carbonyl group in 3-isopropyl-2- 
oxo-1,3,-diazabicyclo[3.3.1] nonane . is 
regarded as a violation of Bredt’s Rule 
and is inappropriately contrasted with 
the ketonic carbonyl group in 2-oxo-1- 
azabicyclo[2.2.2]octane. The formulae 
are usually clear and well drawn, par- 
ticularly when this is most important 
as with bridged and caged polycyclic 
systems, but there are, unfortunately, 
some very distorted drawings of fused 
six-membered rings (notably, formulae 
260 and 296 in chapter 3) that result 
from the uncritical use of stencils. 
Dr Armarego has been very success- 
ful in realising his aim. This book will 
be bought by many chemists with 
interests in stereochemistry or hetero- 
cyclic chemistry, as well as by all 
chemical libraries. M. J.T. Robinson 





M. J. T. Robinson is a University Lecturer 
in Organic Chemistry at the University of 
Oxford and a Fellow of Magdalen College, 
Oxford, UK. 





Weak 
interactions 


Weak Interactions. By David Bailin. 
Pp. ix+406. (Chatto and Windus: 
London, 1977.) Paperback £9. 


THe subject of weak interactions has 
developed very rapidly in the past 
decade. As a result there is a fairly 
wide and growing gap between good 
old textbooks, such as the well known 
book by Okun, and the oving 
frontiers. Since there are no signs that 
the motion of the frontier is slowing 
down, it is wise to educate graduate 
students in particle. physics in the field 
of weak interactions. David Bailin was 
aware of this real problem and this 
book is his answer to it. 

The book starts with a lengthy intro- 
duction to the Dirac equation and the 
construction of invariant amplitudes 
for fermions, and then discusses in 
detail leptonic, semileptonic and non- 
leptonic weak interactions as well as 
CP violation and unified gauge theories. 

The new knowledge gained in the 
“past decade is indeed covered by 
Bailin’s book, which is useful as a 
guide to what is known and as an 
introduction to the literature. Its main 
‘strength lies in the material which 
is covered and the detailed elaboration 


of computational details. I could find 
very few misprints and no errors of 
calculation. 

The emphasis on calculations is also 
the source of the main weakness of the 
book: it is lacking in pedagogy. There 
is much more material than could be 
covered in a one-year course. The 
author could, however, have avoided 
stressing hard computation rather than 
easy insight. Many topics are discussed 
in a way which, though correct, are 
likely to be difficult for beginners. 
For example, SU; and the Cabibbo 
angle are introduced in an abstract 
fashion starting with the structure con- 
stants fix, of the algebra. It is much 
more easy to start with a quark model 
and introduce the Cabibbo rotation 
at the level of the quark currents 
and only talk about SU; afterwards. 
This way is also easier to generalise to 
a larger number of quarks—a_ con- 
temporary problem. 

I recommend Bailin’s book to all 
those who want to become familiar 
with modern developments in theor- 
etical technology for weak interactions. 
The publishers must anticipate a huge 
increase in graduate student grants, 
judging from the price of this book. 

G. Karl 


G. Karl is Professor of Physics at the Uni- 
versity of Guelph, Ontario, and is at 
present on sabbatical leave at the SRC 
Rutherford Laboratory, Chilton, UK. 
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Vector 
analysis 


Vector Fields: Vector Analysis Deve- 
loped Through Its Applications to 
Engineering and Physics. By J. A. Sher- 
cliff. Pp. 329. (Cambridge University : 
Cambridge and London, 1977.) Hard- 
back £13.50, paperback £4.25. 

Tuts book is stimulating and occasion- 
ally irritating; but few stimulants are 
without their side-effects. It is aimed 
at physicists and engineers at the equi- 
valent of British second-year under- 
graduate level. Teachers of engineering 
may be happier with it than teachers 
of physics, although many physics 
students might find that it taught them 
more than would a more conventional 
approach. The approach is unconven- 
tional, to this physicist at least, because 
it fuses the entire content of a classical 
electromagnetic theory course and of 
a hydrodynamics course in order to 
illustrate the tools and methods of 
vector analysis. 

The introductory chapters certainly 
would not replace proper courses on 
basic electricity and magnetism or on 
vectors, The summary is brief and 
might be rather obscure to, for in- 
stance, a student whose knowledge of 
vectors was ibased on ‘modern math- 
ematics’. The argument is pictorial and 
intuitive, with some stress placed on a 
rather woolly property which all auth- 
entic vectors are supposed to have; ‘co- 
sine quality’. Someone who has played 
with scalar products, work integrals and 
components of forces will grasp ‘cosine 
quality’ straight away, just as someone 
who knows Fleming’s left-hand motor 
rule will understand how magnetism is 
‘electricity looked at sideways’. The 
good thing about this cavalier treat- 
ment is that it should give the student 
a feeling for the eventual simplicity of 
material which he may have found 
heavy-going in the first year. 

The next chapter is on line and sur- 
face integrals, assuming some know- 
ledge of partial differentiation and of 
Taylor’s theorem. Ampere’s law, the 
Biot-Savart law and various aspects 
of current electromagnetism are 
followed by volume integrals, with illu- 
strations from simple plasma theory. 
Then comes ‘A crisis in electromagnetic 
theory’, a rather wordy treatment of 
the arguments leading to the concept 
of displacement current. The stage now 
seems to be set for the derivation of 
Maxwell’s equations. But no; this con- 
summation is delayed for another five 
chapters. Divergence and gradient must 
be introduced; then Gauss’ theorem, 
Laplace’s equation, a variety of appli- 
cations to hydrostatics, fluid flow and 
heat flow, Poisson’s and Helmholz’ 
equations with examples including the 





criticality condition in a nuclear re- 
actor. The treatment of waves and of 
the superposition principle is suprisingly 
sketchy after the detail given to many 
other topics. 

Curl comes next, with a great deal 
of illustrative detail in hydrodynamics, 
leading to Stokes’ theorem. Then, at 
last, we are ready for Maxwell’s equa- 
tions, followed by discussions of the 
skin effect, electromagnetic waves and 
the Poynting flux. The final chapter 
is on ‘Integrals in fluid mechanics’, 
beginning with derivations of Kelvin’s 
and Helmholz’ theorems and applying 
them to such problems as the jet from 
an orifice, flow over an infinite airfoil 
and the lift and drag properties of an 
aircraft wing. 

The book is illustrated with a large 
number of clear, simple line drawings. 
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There are more than two hundred 
problems on a great variety of applica- 
tions, distributed in clumps in mid- 
chapter as well as at the ends of 
chapters. Answers are provided to all 
the problems. 

Although most departments will not 
wish to telescope courses together in 
the way Shercliff has done, the book 
should be generally useful as an addi- 
tional text. Weak students will benefit 
from the wealth of applications for 
each abstract idea. Stronger students 
may be led on to read and understand 
material which a more formal textbook 
would leave out. 

David J. Miller 





David J. Miller is Lecturer in the Depart- 
ment of Physics and Astronomy at 
University College, London, UK. 





Search 

e 
for life 
Chemical Evolution of the Giant 
Planets. Edited by Cyril Ponnam- 
peruma. Pp. 240. (Academic: New 


York and London, 1976.) $11.50; £8.15. 





Tus book contains the invited lectures 
presented at the first of a series of col- 
loquia to be organised by the Labora- 
tory of Chemical Evolution at the 
University of Maryland, aimed at 
bringing together scientists for formal 
and informal discussion on topics per- 
tinent to chemical evolution. The meet- 
ing, held in October 1974, was 
stimulated by the availability of data 
from NASA’s Pioneer 10 and Il and 
attended by astronomers, chemists, bio- 
logists and engineers, involved with, or 
interested in, the outcome of those 


missions. The overall theme of the 
discussion was intended to consider 
whether conditions prevail in the 


atmospheres of the giant planets which 
are conducive to chemical synthesis, 
or able to support life of a terrestrial 
nature. The title of the volume may 
be to some extent a misnomer since 
many of the authors did not restrict 
themselves to the location suggested. 
The outer planets in general, Mercury, 
Venus, Mars, meteorites, comets and 
the satellites of Jupiter and Saturn, 
particularly Titan, are freely discussed. 

The book consists of sixteen papers 
by twenty authors; its content may be 
broken down into several general sub- 
ject areas. T. Gehrels, D. M. Hunten 
and T. Owen provide essential back- 
ground information concerning atmos- 
pheric composition, structure and 
chemical composition. W. F. Libby, J. 
S. Lewis and C. Ponnamperuma cover 
various aspects of chemical synthesis 
in the Miller-Urey vein. The biological 


papers (R. D. MacElroy, D. J. Kush- 
ner, R. L. Dimmick and M. R. 
Chatigny, R. S. Hanson and N. H. 
Horowitz) centre on the adaptability of 
microorganisms and their ability to 
survive in harsh environments having 
a variety of temperatures, pH, salt 
content, and even in aerosols, The 
energy requirements of a biosphere in 
terms of light input are considered 
separately by B. Kok and R. Radmer. 
Two essentially technique papers by E. 
E. Russel and M. G. Tomasko, and R. 
A. Hanel cover spin-scan imaging and 
infrared spectroscopy, respectively. 
NASA philosophy towards further 
planetary exploration is put forward 
by D. H. Herman and S. J. Grivas. 
Because of funding constraints rather 
than through any fault of the authors, 
the treatment is of a very general 
nature. A more important philoso- 
phical question raised by R. S. Young 
and R. D. MacElroy, concerns policy 
with respect to the possible irreversible 
contamination of any planetary surface 
or atmosphere, by organisms or mole- 
cules, carried on unsterilised or un- 
cleaned space probes. 

All in all, I feel this is a very useful 
book. Not, perhaps, of great value to 
the specialist chemist or biologist, but 
eminently readable by anyone with 
fringe knowledge of a variety of sub- 
jects and interested in studies on the 
origin of life. It provides many appro- 
priate references and has a full index. 
As the object of the colloquium was to 
provide a forum for discussion, I wish 
an edited version of the question and 
answer sessions could have been 
included at the end of each chapter. 

C. T. Pillinger 





C. T. Pillinger, of the Department of 
Mineralogy and Petrology, University of 
Cambridge, UK, is a principal investigator 
in NASA’s lunar sample analysis pro- 
gram. 
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obituary 





Benjamin Lee 


Proressor BENJAMIN W. Lee died in 
an automobile accident on 16 June 
1977. Director of Theoretical Physics 
at Fermi National Accelerator Labora- 
tory and Professor of Physics at the 
University of Chicago Enrico Fermi 
Institute, Ben Lee was at the age of 
42 deeply engaged in scientific activity 


at the forefront of high energy 
physics. 
Born in Seoul, Korea, Ben Lee 


emigrated to the United States in 1956 
and obtained citizenship in 1968. He 
studied at Miami University (Oxford, 
Ohio), the University of Pittsburgh 
and the University of Pennsylvania, 
where he was awarded a doctorate in 
1960. His earliest work dealt primarily 
with dispersion relations and related 
techniques in the analysis of strong 
interaction phenomena, but he also 
had an early interest in Lagrangian 
symmetries and spontaneous symmetry 
breakdown, which ultimately became 
the focal points of his research. 

By 1964 Ben Lee was a leading 
contributor to the study of the trans- 
formation properties of weak inter- 
actions with respect to strong 
interaction symmetries, and the in- 
timately related question of the full 
symmetry properties of the strong 
interactions themselves. Through such 
studies the relevance of a spon- 
taneously broken chiral symmetry 
gradually became apparent, and Lee 
contributed significantly to the con- 
struction and study of Lagrangian field 
theories which realise this property. 
His work demonstrating the renorm- 
alisability of these theories provided 
an encouraging model for later de- 
velopments which led in 1971 to the 
establishment of renormalisability of 
spontaneously broken gauge theories. 
Following this breakthrough, Lee’s 
work on the formal demonstration of 
renormalisability of gauge theories and 
on the elaboration of calculation tech- 
niques was of major importance in the 
further development of this field which 
has taken a dominant position in our 
present thinking. 

As soon as the relevance of gauge 
theories for weak interactions began to 
appear highly probable, Ben Lee 
turned to the study of their practical 
implications, both for the newly dis- 
covered neutral current interactions 


and for the previously established pro- 
nerties af charoed current interactions. 


The use of new theoretical develop- 
ments allowed a confrontation with 
experiment which placed severe restric- 
tions on the possible choice of gauge 
models. It became increasingly clear 
that a viable model should incorporate 
charmed particles which had been 
postulated before achievements in re- 
normalisation made such an inference 
compelling. Lee devoted considerable 
study to the expected properties of 
these particles and the possibilities for 
their experimental detection. 

Along with the experimental discovery 
of charm, there has been a continuous 
experimental and theoretical evolu- 
tion in the field of both weak and 
strong gauge theories, in which Ben 
Lee continued to participate fully. His 
rare combination of a familiarity with 
formal mathematical techniques and a 
close touch with experimenters and 
experimental results kept him at the 
forefront of many different aspects of 
these developments. At the same time 
he continued to reflect on the out- 
standing problems related to his earlier 
work on weak interaction symmetries 
and was quick to apply new develop- 
ments to the clarification of old pro- 
blems. He encouraged precision 
experiments designed to resolve long- 
standing questions as well as pioneer- 
ing experimentation on the new 
phenomena. 

Ben Lee’s decision to remain per- 
manently as head of the Fermilab 
theory group was not an easy one for 
him. He felt that at a university he 
would be freer to pursue fundamental 
theoretical questions. Yet while con- 
tinuing to participate in the fast pace 
of theoretical research, he took ex- 
tremely seriously the responsibilities of 
his position at Fermilab. On the one 
hand he attracted theoretical physicists 
of the highest quality as visitors to the 
laboratory and was in the process of 
putting together a small but strong 
nucleus of resident theorists. On the 
other hand he was deeply involved in 
laboratory policy concerning its pre- 
sent and future experimental pro- 
gramme, a job which he undertook 
with singular conscientiousness, en- 
deavouring to learn the fine points of 
experimental techniques. 

Before joining the Fermilab staff in 
1973, Benjamin Lee was Professor of 
Physics at the State University of New 
York at Stony Brook. In addition to 
his responsibilities at Fermilab he 
served on the scientific policy com- 


mittees for several major laboratories. 
He was the recipient of a number of 
prestigious scientific fellowships and 
had held appointments at many institu- 
tions in the United States and abroad. 
Perhaps his most meaningful experience 
in recent years was a visit to his native 
Korea where he was struck by the 
developing prospects for scientific re- 
search and found himself ‘working six 
days a week on upgrading graduate 
education in basic sciences” at the 
Seoul National University. 

Ben Lee shared a close family life 
with his wife Marianne and teen-aged 
son and daughter at their home in 
Glen Ellyn, Illinois. Whenever possible 
they combined business with pleasure 
on trips to Aspen in Colorado, Europe 
and the Far East. An immeasurable 
personal tragedy for his family, 
Benjamin Lee’s untimely death is a 
deep loss for the entire high energy 
physics community. 

Mary K. Gaillard 





Fred Hardy 


Proressor Frep Harpy, CBE, who 
died at St Augustine, Trinidad, in May 
at the age of 88 was the doyen of 
British tropical soil scientists. During 
his professional life the study of the 
soil developed from a subject that had 
little impact on practical agriculture 
to a discipline that has made major 
contributions to agricultural develop- 
ment, and Professor Hardy played a 
notable role in this transformation for 
tropical soil studies. 

Almost his whole adult life was 
spent in the West Indies and Central 
America. His first appointment after 
leaving Cambridge University, was as 
lecturer in natural and agricultural 
sciences at Harrison College, Barbados, 
in 1911. He returned to England in 
1917 towards the end of the First 
World War, then after the war spent 
a year at the School of Agriculture at 
Cambridge and then went back in 1920 
to the West Indies as soil chemist with 
the Imperial Department of Agri- 
culture, which was centred at St 
Augustine. This later became the 
Imperial College of Tropical Agri- 
culture, and he became its first Pro- 
fessor of Chemistry and Soil Science. 
After his retirement in 1956 he served 
as Professor of Soil Science in the 
Inter-American Institute of Agri- 
cultural Sciences at Turrialba, Costa 
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Rica, for nine years before finally re- 
tiring to Trinidad. 

Hardy’s research career began after 
his return to the West Indies in 1920. 
He began by being interested in 
problems of soil water and the effect of 
water on some soil properties; then in 
the 1930s he became interested in the 
characteristics and genesis of tropical 
soils and laterites; and finally in the 
1940s and 1950s he developed his well 
known studies on the soil factors that 
affect the fertility of tropical soils and 
their suitability for specific crops. In 
addition he was one of the early 
British soil scientists who realised the 
need for appropriate soil surveys for 
agricultural development, and I believe 
the first in the colonial Empire to 
institute a systematic soil survey, and 
he succeeded obtaining funds over a 
period of years for a survey of most of 
the British West Indies. 

Professor Hardy had, however, a 
far greater influence on British 
colonial agriculture than would be 
judged from his research work, for 
almost every recruit to the Colonial 
Agricultural Service since the mid- 
1920s spent a year in Trinidad and 
most would study soils under him. His 
enthusiasm, his great friendliness and 
approachability, and his gift for pick- 
ing out the most important points in 
any discussion, all left their mark; and 
his appreciation of the relation of the 
soil and the crop to the natural land- 
scape must have influenced the 
ecological approach to agricultural 
development shown by many outstand- 
ing colonial agricultural officers. 

E. W. Russell 





William Parker 


THe sudden and untimely death of 
William Parker, Professor of Chemistry 
at the University of Stirling, at his 
home in Dunblane on May 9 at the 
age of 45, has left the world-wide 
chemistry community with an immense 
feeling of loss. 

Born in Glasgow in 1932, Willie 
Parker was a distinguished pupil of 
Whitehill Secondary School after which 
he went to the University of Glasgow 
where he took a first class honours 
degree in Chemistry in 1953. He started 
his PhD studies in Glasgow with 
Professor R. A. Raphael and com- 
pleted them at the Queen’s University 
of Belfast when Raphael moved there 
to his first professorial post. In 1956 
Willie joined Professor G. Stork’s 
group at Columbia University and 
then returned to the University of 
Glasgow where he rapidly moved up 
the academic ladder, culminating in 
his appointment to a senior lecture- 
ship in 1966. Promotion to readership 
saw him back in Ireland in 1968 at the 


New University of Ulster where he 
spent two happy years helping to build 
up the new chemistry department 
there with characteristic drive and 
enthusiasm under the leadership of 
Professor M. Grundon. Armed with 
this valuable experience he returned 
to Scotland in 1970 to take up the first 


chair in organic chemistry at the 
University of Stirling. 
Natural products, particularly the 


sesquiterpenes, were Willie’s first love 
and in this area he published many 
important papers relating to their 
synthesis, biogenesis and rearrange- 
ments. In particular, he and his co- 
workers unravelled many of the prob- 
lems associated with the molecular 
acrobatics of caryophyllene and 
humulene and their derivatives. 
Although he maintained this interest 
throughout his research career, a 
sabbatical year with Professor J. 
Berson at the University of Wisconsin 
in 1965 served to promote and nurture 
his growing interest in organic re- 
action mechanisms with particular 
emphasis on the solvolytic behaviour 
and preferred conformation of a wide 
range of bridged bicyclic compounds. 
Of particular note were his contribu- 
tions to the understanding of the re- 
activity of bicyclo [3,3,1 ] nonane, 
bicyclo [3,3,2] decane and bicyclo 
{3.3,3]undecane (manxane) deriva- 
tives. At the other end of the spectrum 
he also had a keen research interest 
in the chemical factors influencing 
germination and dormancy in wild oat 
seeds. Shortly before his death, his 
group, together with collaborators in 
other disciplines, had made significant 
advances in this area. 

Over the past eighteen years I knew 
him in many different rôles; as a 
teacher, as a research supervisor, as 
a colleague, as an opponent on the 
squash court and, above all, as a friend. 


In all these aspects his boundless 
enthusiasm, inexhaustible drive, un- 
adulterated Glasgow humour, and 


extrovert personality made a tremen- 
dous impact on me as they did on so 
many other people. If ever there was 
a teacher who practised the subtle art 
of instilling a sense of dedication and 
professionalism in his students there 
was no greater practitioner than Willie 
Parker. Under his guidance and tuition 
organic chemistry came across as an 
exciting and challenging field of study. 

Over the years many students, of 
whom I was one, continued their 
studies with Willie as their PhD super- 
visor. He shared in our triumphs and 
disappointments at the bench, our 
laughter and our tears. All of us 
greatly benefited from that experience 
and F have no doubt that his guiding 
principles and aspirations had a pro- 
found influence on us. 


His rumbustious character came 
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through vividly in all the many facets 
of his work at the University. Willie 
was by no means an isolationist in an 
ivory tower; he enjoyed all his teaching 
commitments whether in the first year 
undergraduate laboratory with his 
sleeves rolled up or at the Monday 
evening postgraduate seminars. He 
approached his administrative duties 
both in the chemistry department and 
in the many university committees on 
which he served with a refreshing, 
down-to-earth attitude. 

More than anything else he wanted 
to and did put the Chemistry Depart- 
ment of Stirling University on the 
map. J believe that he achieved this 
not only by his own personal reputation 
in the world of organic chemistry and 
by his service on national committees 
such as the Chemistry Panel of the 
Science Research Council, but also By 
his active encouragement of other 
members of staff to apply for grants 
and to seek and establish links with 
the chemical industry. Above all he 
had the unique ability to muster and 
channel our individual energies towards 
the common cause of creating a 
resourceful and stimulating depart- 
ment. His door was always open to 
those seeking advice and counsel. It is 
not surprising that he achieved so 
much during his relatively short trip 
to India last year while acting as 
project co-ordinator for a UNDP/ 
UNESCO programme ‘Special Assis- 
tance to Selected Science Departments 
in Indian Universities.” The United 
Nations could not have picked a better 
man for such a stamina-sapping 
mission. 

Willie’s tough professionalism really 
knew no boundaries; it overspilled 
onto many other areas including the 
sports field. His light blue tracksuit 
is a legend at Stirling University. Even 
beyond the campus his zest and vigour 
were manifest. At various times he 
was chairman of the local gardening 
club, a member of the male voice 
choir, and a coach to one of the 
Cub football teams. Just as Willie 
knew how to advise and encourage 
young academics, so too did he help 
the nine-year-old footballer. From his 
own student days as a keen footballer 
he remembered the importance of a 
new strip and the morale-boosting 
sing-song in the car returning from a 
26-nil defeat. 

All his many friends, both in the 
UK and abroad, have shared in one 
unique privilege—that of knowing the 
truly remarkable character of Willie 
Parker. For all of us, we are the 
beneficiaries of that enriching and 
rewarding experience, the memory of 
which will live on to compensate in 
part for our tragic loss which we share 
with his wife and three children. 

James S. Roberts 
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When science turns up the unpalatable 


Tue Presidential Address of Sir Andrew Huxley to the 
British Association for the Advancement of Science, 
meeting in Aston, has been hyperbolically described in 
the press as “the first shot in what could become one of 
the most crucial and vitriolic scientific battles of the 
century”. Tt certainly is an unusual, even courageous 
address. 

His line of arguing is this. He asserts that “Science as 
a whole-—the scientific approach to questions of all kinds 
—— has come increasingly under attack . . . it is repeatedly 
suggested that the speed of scientific discovery should be 
slowed, and that scientists ought to suppress discoveries 
that seem capable of being used to the detriment of 
humanity”. In a lengthy aside, he then acknowledges that 
scientists themselves often rely too much on grand unify- 
ing principles which inhibit their collection of evidence. 
But in a broader context too the collection of scientific 
evidence may be inhibited if it seems likely to touch on 
some particularly sensitive nerve in ordinary human 
affairs. Resistance, he claims, may be based on “Auth- 
ority” or on the fear of the consequences of accepting 
the conclusion. Not for nothing does a Huxley hark back 
to the 1860s and the debate on this very matter 
occasioned by the publication of Origin of Species. 

He asks if any topic stirs similar emotions these days. 
And he sees many features in common between the 
evolution debate of the last century and the current 
debate on the extent to which human ability is inherited, 
although he points out that the analogy would be better 
had Darwin gone public twenty years earlier when his 
case would have been weaker, but certainly not hopeless. 
The resistance these days to research in the field of the 
heritability of human ability comes from a feeling that 
our ethics may be undermined because the existence of 
substantial inherited differences would lead to unjust 
treatment of the less-well endowed, and that discoveries 
of below average ability would damage self-respect. 

More sinister than anything in the evolution con- 
troversy, says Sir Andrew, is that there are actually 
scientists who regard the assumption of equal inherited 
ability as “something which does not require experi- 
mental evidence to establish it and which it is positively 
wicked to question because the conclusion might disagree 


with their social and political preconceptions”. Thus 
when someone (William Shockley). had the “courage to 
suggest systematic and. scientific investigation” he was 
repeatedly turned down by the National Academy of 
Science. Sir Andrew accepts that at the time Shockley” 
was advocating eugenic measures unacceptable to public 
opinion, but thinks the main reason for refusals was fear 
that it would be represented as a “commitment to. an 
illiberal point of view unfavourable to American. 
Negroes”. He feels that such behaviour is an unjustifiable 
obstacle to human enquiry and impedes or distorts the 
advance of science, 

Freedom for scientists to investigate whatever they 
want may be a valid rallying point in some circumstances 
and under some tyrannies. But scientists are already 
under some external constraints on their freedom, for 
ethical and financial reasons, and it is clearly not pos- 
sible simply to say that everything that is observable and 
measurable ought, in the name of science, to be observed 
and measured. The question then revolves around the 
motives for doing research into heritability. There are, 
of course, two extremes—those who believe that the 
world should know that the less well-endowed are going 
to stay that way and those who believe that the whole 
thing is both scientifically unsound and an affront to 
certain people, and should be stopped forthwith. 

Is there middle ground? If there is, and many in- 
telligent and thoughtful geneticists believe there is, it 
needs staking out with immense care. Those who propose 
that research be stopped have some very human motives 
behind them, and it is no answer simply to wave freedom 
of scientific enquiry in their faces. Questions are bound 
to be asked about motives for doing more research, 
especially as there is little doubt that inheritance does 
play at least some and maybe a very significant part in 
the acquisition of ability. Some who want to do more 
only want to do so to rub in assumed inferiorities. What 
Sir Andrew should have done is take his argument 
further and set forth reasons why more research at this 
time, with its close proximity to sensitive issues, is desir- 


able. Such a case can probably be made out but it would - 
need a rather more spirited explanation of why we- 


are better off with the knowledge than without it. Oi- 
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La Soufriére, volcanology and forecasting 





Last year Haroun Tazieff, of the Laboratoire de Volcan- 
ologie, Centre de Faibles Radioactivitiés, Gif-sur-Yvette, 
France, had to leave his post as director of the Service 
Volcanologique at the Institute of Physics of the Globe over 
the eruption of La Soufriére. Below, his account of the 
problems 








IN THE past six years at least four erroneous volcanological 
diagnoses, based either on wrong interpretations of actual 
facts or on deliberately false data, have induced govern- 
mental authorities in four countries to take unnecessary 
and expensive measures. Together they show that volcan- 
ologists may sometimes be confronted with quite serious 
socio-economic consequences of their own forecasts. 


® The first case was in 1970 in Italy’s Neapolitan area. A 
submarine eruption was claimed to have burst out offshore 
of the city of Pozzuoli, approximately 2km west of the 
well-known Solfatara fumarolic field. After the mass-media 
told of possible explosions, ash-falls and sea-waves, the 
Army and the carabinieri (police) helped the frightened 
population to evacuate the city. The claimed symptoms 
were an upheaval of the ground in the whole area, which 
had been pushed up about one metre in a “very short 
while”; extremely shallow earthquakes, located 1 to 2km 
offshore; a conspicuous temperature-rise of the Solfatara’s 
fumaroles; and the outflow of hot fluids on the bay’s floor, 
inferred from dead boiled fish fishermen took in their nets. 
The last three items were subsequently proved totally 
false by a team of six scientists led by myself, and I dis- 
closed the fact at a press conference, On the other hand, 
the upheaval, the so-called brady-seism of Pozzuoli, had 
not been faster than usually noticed over the centuries 
during which up-and-down level variations of that peculiar 
area had been classically observed. Eventually it was stated 
that deliberately wrong data had been produced by the 
scientist in charge of the geophysical institute of Naples. 
This was connected to a construction operation in which 
high-rank people were involved. The evacuation of the 
inhabitants was proved to be expensive and useless. 


@ The second case happened during the 1972 eruption of 
St Vincent’s Soufrière in the West Indies. Notwithstanding 
the clearly expressed and reassuring opinion of Dr J. 
Tomblin, the volcanologist in charge, an alarming cable 
from a scientist some thousand kilometres away was taken 
into consideration. This ‘televolcanologist? had deduced 
his frightening conclusions from earth-satellite imagery and 
the whole population was consequently moved away. Here 
too it proved both expensive and useless. 


® The third case happened in 1973 during the last days of 
the Heimaey eruption. Persuaded by a somewhat inexperi- 
enced foreign volcanologist, Icelandic authorities agreed to 
use fire-boats to sprinkle water on a tongue of the thick 
lava flows which over several weeks had progressed at a 
distressing speed towards the harbour entrance. No argu- 
ments could prevent the exercise: not even the evidence that 
the Atlantic ocean itself, with all its water, had not been 
able to stop the main part of the flows which had crawled 
over the sea-floor for two months. 


® The fourth error occurred in 1976 during the eruption of 
La Soufriére in Guadelope in the West Indies. Here too, 
in spite of the firm statement of the volcanologist in charge 
that no danger lay ahead, the authorities followed the 
alarmist opinion expressed first by a petrographer and then 


by a geochemist, both of whom lacked experience of erup- 
tive phenomena. Consequently 73,600 people were evacu- 
ated on 16 August and were kept away from their homes 
and jobs for 34 months. It proved very expensive, dramatic 
for the population, and totally useless. 

A volcanologist is actually as responsible for his diag- 
noses as is a physician—even more so, because of the num- 
ber of people involved and because the costs are usually far 
bigger. This implies that some sort of deontological code, 
similar to the medical one, should exist for practising vol- 
canologists, and that illegal practice should be prohibited 
in this field just as it is for medicine. Whatever their field, 
scientists cannot remain detached from the eventual effects 
of their work on the everyday life of other people. 

The easiest course for the authorities is naturally to 
choose, amongst various scientific counsels, the most pes- 
simistic if not necessarily the best one. Their responsibility 
is then shielded against the worst, and if the catastrophe 
eventually does not occur the only reproaches they 
suffer are minor ones that are swiftly forgotten. To express 
a volcanological forecast is always an awkward business. 
Like civil administrators, many a  volcanologist will 
naturally tend to be pessimistic rather than optimistic, if 
only to avoid exposing people to some danger he would have 
disregarded; he would want to avoid being accused if his 
own optimistic forecast proved unfounded. Though under- 
standable enough, such an attitude is not in accord with 
the deontology code; a deliberately pessimistic physician is 
not necessarily considered a good medical doctor. 

But some points seem clear. First of all, no volcanologist 
should state any opinion if his knowledge of eruptive 
phenomena is below a minimum level. Secondly, the con- 
sultant volcanologist should express his scientific opinion 
without altering it in either an optimistic or pessimistic 
way. An honest volcanologist, whatever his experience, all 
too frequently will not be able to describe much more than 
his incapacity to tell what will follow next. Nevertheless, 
a valuable forecast is sometimes possible and our own 
experience shows examples of it. 

Tt actually happened in 1976 at the Guadelope Soufrière, 
when a rather unusually flat and valid conclusion seemed 
evident to any experienced volcanologist: absolutely no 
risk existed that the volcanic event which the whole Carib- 
bean population most feared—nuées ardentes (glowing ava- 
lanches) of the Mt Pelée type—could happen at all in the 
near future. I delivered this view, while several other 
scientists claimed the opposite. But it was obvious that the 
eruptive events, which were started during the autumn of 
1975 by a volcano-seismic crisis, had then passed to phreatic 
kinds of outbursts in which no fresh magma at all was 
involved, and would not develop into nuées ardentes. The 
French government nevertheless chose not to listen to this 
plain argument, asked geologists unskilled in volcanology 
and proceeded to evacuate the entire population of 73,600 
people. The whole issue developed in phases. 


@ The seismic activity of the volcano started in October 
1975 when the seismographic array of the Soufriére Observ- 
atory began recording swarms of microearthquakes. For 
several months, these swarms increased in both number and 
intensity; the first felt earthquake occurred in late March 
1976. At this point several scientists expressed anxiety, 
more because of the high number of recorded microearth- 
quakes than because of their actual energy. None amongst 
them had any experience in eruptive phenomena. 

The opposite opinion was based upon the two following 
facts. First, far more frightening volcano-seismic crises had 
previously been observed in the Carribean, and many more 
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still in Japan, where the most earnest attempts in the world 
have been made in volcanological forecasting. At the 
Omuro volcano in 1930, for example, 4,880 shocks located 
between 2-7 km below the surface were recorded in less 
than three months; at the Hakone volcano in 1959-60, 
the foci of the recorded earthquakes were located 0.8-5 km 
below the surface, but on the basis of the complete lack 
of any B-type earthquake shallower than 0.8, Minamaki 
predicted that no volcanic eruption would happen and he 
was right. In the Carribean, two volcano-seismic crises 
occurred at Montserrat island in 1897-98 and 1933-36, and 
are well know to volcanologists; neither of these well- 
studied crises finished with volcanic eruption. It therefore 
made sense not to be unduly alarmed by the 1976 seismic 
events of the Soufriére. 

Secondly, the focal depths of the earthquakes during the 
Soufrière crisis were located at 2-6 km, depths quite similar 
to those which had characterised the Hakone and the 
Omuro crises, This meant that many months, or more pro- 
bably years, should be necessary for the Soufriére viscous 
magma to reach the surface, for any magma is supposed to 
be far slower than its own lavas, and all the Soufriére lavas 
had obviously been comparatively viscous and slow. Experi- 
ence has shown that most frequently the average speed of 
lava flows of the same kind as those of the Soufriére varies 
between less than 1 and about 100cmh™. From a spot 
located below 6 km down, the corresponding feeding magma 
should therefore require several years to reach the surface. 
If any factors had been overlooked, or if the magma velo- 
city would drastically increase, several months seemed a 
minimum for it actually to become eruptive. Consequently 
one could quite confidently speak of a period of several 
weeks, at least, before the start of any magmatic event. 

To the objection that a body of molten (and therefore 
not seismical) magma could be stored above the upper- 
most foci, that is, between the surface and the 2km depth 
—-meaning that a hypothetical reservoir was located within 
the 1,400 m thick volcanic heap itself—the answer was that 
both the temperatures measured close by in the geothermal 
field of Bouilfante (70°C near the surface and 240°C 
350m down) and the gas composition of the Soufrière 
fumaroles (in vol % : CO», 90-93%; H:S, 0.6-1%; CHs, 
0.5%; He, 0.5-1.2%) proved such a hypothesis to be quite 
improbable. 


@On 8 July 1976 the eruption started its second, actually 
eruptive. phase when so-called ‘ash’ outbursts were super- 
imposed on the almost continuously increasing volcano- 
seismic activity. This second phase lasted eight months, 
during which 20 phreatic eruptions occurred, the last one 
on 1 March 1977. Each outburst lasted only a few minutes 
(less than 20) and expelled steam and water droplets mixed 
with some volcanic gases laden with ejecta. These ejecta, 
‘ashes’, sands and blocks, were exclusively composed of old 
rock material, with no trace of any fresh magmatic mat- 
erial. The first of these phreatic eruptions started noiselessly 
and propelled a dark mushroom hundreds of metres above 
the top of the mountain. This plume was then driven south- 
westwards by the wind. From the volcano windwards, the 
sky became totally dark, and a thick rain of small lapilli 
and dust started, which lasted for about 20 minutes. Several 
thousand people fled as soon as the darkness cleared up. 
The scientists called by the authorities were divided. 
Some of them felt afraid, firstly because they feared that 
these ‘ash explosions’ could lead either to nuées ardentes 
or to mud-flows, or both. The opposite opinion was that 
these risks did not exist because this eruption obviously 
belonged to the phreatic kind: gas analyses, measured 
steam temperatures, as well as examination of ejecta 
showed that no fresh hot magma or lava were involved 
and that, consequently, no nuées ardentes could be ex- 
pected. On the other hand, as in phreatic eruptions, the 
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very first outburst usually is the strongest one, and as the 
8 July one had generated only a small mud-flow, it was to 
be supposed that further lava hazards would be minor. 
In spite of an apparent tendency to prefer pessimistic 
diagnosis to reassuring ones, the government authorities 
were consequently prevented from evacuating people. 

The second phreatic outburst occurred on 24 July. 
Asked by the prefet and having obtained the data from and 
opinion of my collaborators, now permanently monitoring 
the fluid and solid exhaltation of the volcano, I concluded 
that there was no more danger ahead than two weeks 
before. 


© The third outburst happened on 9 August. I was in the 
Ecuadorian Andes involved in a volcanological expedition 
with two of my collaborators, but our three colleagues were 
still on La Soufrière, mainly to monitor the chemical and 
physical evolution of the gas phase, which may be con- 
sidered as a good indicator of the eruptive volution itself. 


These skilled volcanologists declared that no threatening me 


change was to be feared in the eruptive events. This was 
because of the following facts: first, the gas composition had 
not changed. The proportion of CO to CO, was about 107- 
107, and of H:S to SO: was about 10; in addition, the focal 
depth of the earthquake had not moved, no trace of any 
magmatic activity was detectable anywhere, either in the 
erupting area or on the lower slopes of the volcano, and old 
rocky material exclusively was to be found around the 
eruptive vents. ; 

Disregarding these volcanologists’ opinions, the civil 
authorities nevertheless called from France two geologists 
without any experience in the field of eruptive activity. The 
first decided to have the whole population immediately — 
evacuated: the second decided to enforce the precautions: 
and maintain them for several months on. MAE 

Their diagnoses were based, first, on the assumption that 
the seismo-volcanic crisis—up to 1,257 shocks, half a dozen 
of which had been slightly felt, in one day—had reached 
such a climax that nothing but a catastrophe could proceed, 
and secondly on the claimed presence of fresh volcanic 
glass in the erupted ‘ashes’, the meaning of which was the 
imminence of nuées ardentes. Professor C. Allégre, on 5 
September 1976, produced an official report in which he 
stated that 50-60% of fresh volcanic glass was present in the 
erupted ash. He was later compelled to admit that actually 
no trace of fresh material had ever been detected. 

According to Le Guern (in press) the twenty outbursts 
which occurred between the first (8 July 1976) and the last 
one (1 March 1977), as well as the more or less continuous 
emission observed at the active vents throughout the same 
period, have poured out a total output of the order of 6- 
10 10° tons of steam and 1.5-2x10° tons of ‘ashes’ and 
blocks. According to the same author, a surface less than 
1 km long and 300m wide received a total ‘ash’ fall 300 m 
thick for the whole nine-months-long event. The closest 
town, Matouba, some 3.5 km west (windwards) from the 
craters, got a total ‘ash’ fall of 5-15 mm according to the 
spots. The closest city, St-Claude, 4.5km west-south-west 
from the erupting vents, got a total 2-5 mm thickness of 
‘ash’, The longest mud-flow, which resulted from the first 
ran eastwards over less than 3 km. 

These figures show how modest was the scale of this 
eruption. The above mentioned criteria and their inter- 
pretation explain how our so-called ‘optimistic’ diagnosis 
had been attained. The main lesson of this unfortunate 
experience is perhaps to confirm the absolute necessity for 
a good volcanological interpretation of all the available, 
geological, geophysical, chemical and phenomenological 


data before expressing any forecast. Volcanologists, just — - 
as medical doctors, should be responsible, skilled, experi- ~ 


enced, different specialists closely co-operating with each 
other. And they should keep as cool as a cucumber. o 
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Voyage to the outer planets 


Both NASA’s Voyager spacecraft are heading for the outer 
planets. Stuart Sharrock describes the journey they will make 


WHEN the outer planets were last 
aligned so that a spacecraft could 
visit each in turn on a single voyage, 
Thomas Jefferson was President of the 
United States. Understandably none 
took advantage of that opportunity. 
But in the 1980’s, the opportunity to 
fly past each outer planet will occur 
again and if it is not seized then it 
will be lost for several generations. 

NASA’s original plan to take ad- 
vantage of the 1980’s alignment con- 
sisted of sending two spacecraft on a 
visit to every planet from Jupiter to 
Pluto. Nicknamed the ‘Grand Tour’, 
that project soon fell victim to budget 
cuts and the current Voyager mission 
was developed as something of a con- 
solation prize. The Voyager mission, 
however, is itself ambitious enough. 
Its two spacecraft, launched on 20 
August and 5 September, are intended 
to scrutinise Jupiter, Saturn and their 
moons, with an option for one to 
continue to Uranus and Neptune. 

A mission to the outer planets is a 
radically new adventure. The inner 
planets, Mercury, Venus, Earth and 
Mars are rocky worlds which have 
been intensively studied. They seem to 
bear little resemblance to the gaseous 
outer planels that dominate the solar 
system. But very little is known about 
Jupiter and Saturn and next to nothing 
about Uranus and Neptune. Only two 
spacecraft have ever reported from 
the region beyond Mars; Pioneers 10 
and 11 flew past Jupiter and returned 
intriguing but inconclusive data. 
Pioneer 11 is expected to reach Saturn 
in 1979. 

The two Voyager spacecraft will 
reach Jupiter in 1979. More massive 
than all the other planets put together, 
Jupiter is an enormous ball of gas at 
the centre of a miniature solar system 
of its own. Four of its thirteen known 
moons are as large as some planets and 
Voyager will take a close look at five 
of them, concentrating on Io with its 
associated strong concentration of 
charged particles which appear to 
modulate the powerful radio bursts 
from Jupiter itself. 

By visiting Jupiter, Voyager will be 
able to halve the journey time to 
Saturn. It will take advantage of the 
increase in velocity provided by 
Jupiter’s gravitational field and should 
make the flight to Saturn in just over 
three years instead of the normal six. 
This ‘gravitational assist? technique 
may be used again at Saturn to sling 
one of the spacecraft to a rendezvous 
with distant Uranus in 1986. 


The spectacular rings around Saturn 
will be only one object for investiga- 
tion. Like Jupiter, Saturn emits more 
energy than it receives and it has an 
extensive system of moons. Voyager 
will visit seven of the ten moons and 
will take particular interest in Titan, a 
moon larger than the planet Mercury 
and with an atmosphere. Titan is 
thought to be a far better place than 
Mars to search for evidence of extra- 
terrestrial life; the theory that life on 
Earth developed from a primitive re- 
ducing atmosphere implies early con- 
ditions on Earth similar to those which 
now exist on Titan. 

Jupiter, Saturn and Titan are the 
prime objectives of the mission. If the 
first spacecraft, Voyager 1—which 
takes a faster route to Jupiter and was 
therefore the second to be launched— 
fails to complete its investigation of 
Titan, Voyager 2 will be redirected to 
do the job again. Only if Voyager 1 is 
successful will Voyager 2 fly directly 
towards Uranus and eventually, after 
a 13-year flight, to Neptune. 


Special design features 

Even if the mission does not extend 
beyond Saturn, its lifetime will be 
long and the distance travelled vast 
compared to previous missions. To 
cope with these conditions, the 
Voyager spacecraft require special de- 
sign features. The familiar arrays of 
solar panels are missing as the energy 
received from the Sun as far away as 
Jupiter is only 4% of that at the Earth; 


at Saturn it is down to 1% and at 
Neptune 0.1%. Instead, radioisotope 
thermoelectric generators, which 


should last the journey to Neptune, 
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supply power to the spacecraft. The 
power requirements are great because 
signals have to be sent across such 
large distances. The spacecraft will be 
the first to communicate via the high 
frequency X-band channel, allowing 
high data rates which are essential at 
various stages of the mission. 

The 11 instruments on board include 
television cameras, infrared and ultra- 
violet spectrometers, charged particle 
detectors, magnetometer and plasma 
wave detectors and, for the first time 
on an interplanetary probe, radio wave 
detectors. All experiments have to 
operate at liquid nitrogen temperatures 
and because of the length and com- 
plexity of the mission almost every- 
thing that could fail has a back-up 
system—including the two spacecraft 
themselves which are identical. 

With such a complex mission the 
chance of something going wrong is 
high, but Voyager has already had 
more than its fair share of troubles. 
Very near 20 August, the launch date 
of the first spacecraft (designated 
Voyager 2), computer problems were 
discovered. A rapid switch of the two 
spacecraft meant that Voyager 2 could 
be launched on time and that Voyager 
1 which was due for launch on 1 Sep- 
tember would be delayed by a few 
days. But the first launch was rough. 
Computer failure occurred again, there 
were apparent problems with gyro- 
scopic stabilisation and the boom con- 
taining the television cameras did not 
deploy fully. There were even specula- 
tions that the spacecraft had been 
struck by its own discarded rocket 
engine. The problems were overcome 
but inevitably the mission has already 
been compared with Mariner 10 which 
had to be nursed continually during its 
17 month trip to Venus. The outlook 
for Voyager 1, though, is brighter. 
According to NASA it went up on 
schedule and with no hitches on 5 
September. G 


Voyager mission highlights 





Date Event 
20 August, 1977 Launch 
5 September, 1977 Launch 


15 December, 1978 
5 March, 1979 


Start Jupiter imaging 


5 March, 1979 lo 

April, 1979 Conclude Jupiter imaging 
20 April, 1979 Start Jupiter imaging 

10 July 1979 Closest approach Jupiter 


August, 1979 


August, 1980 
11 November, 1980 
12 November, 1980 
January, 1981 


June, 1981 

27 August, 1981 
27 August, 1981 
October, 1981 
January, 1986 
September, 1989 


Start Saturn imaging 
Titan 


Start Saturn imaging 
Edge Saturn rings 


Uranus encounter 
Neptune encounter 


Closest approach Jupiter 


Conclude Jupiter imaging 


Closest approach Saturn 
Conclude Saturn imaging 


Closest approach Saturn 


Conclude Saturn imaging 


Range Resolution Spacecraft 
(km) (km) 
Voyager 2 
Voyager | 
80 x 106 1-5 103 
278 « 103 6 
22 103 0:5 f Voyager I 
75x106 15x 103) 
643 x 103 K ee 2 
100 x 106 2« 103) 
«x 103 0-5 
138 108 3 }Voyager 1 
100 x 106 re Voyager 2 
102 x 103 Ql PAR 
io a | (assuming 
38 x 103 0-8 | Voyager i 
| successful 
j at Titan) 
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Action on antibiotics 





Colin Norman reports from Washing- 
ton on the Food and Drug Administra- 
tion's (FDA) recent action to ban the 
use of some antibiotics in animal feeds 





AFTER more than a decade of contro- 
versy and several years of vacillation, 
the Food and Drug Administration 
(FDA) last week took the first formal 
step towards removing antibiotics from 
animal feeds, a step long urged by some 
scientists but bitterly resisted by the 
agricultural and pharmaceutical in- 
dustries. The FDA issued a regulation 
which, provided it survives an expected 
slew of legal challenges, would prohibit 
the addition of small amounts of peni- 
cillin to premixed feeds for pigs and 
poultry. A similar regulation banning 
tetracyclines will follow soon, FDA 
announced. 

Antibiotics have been added to ani- 
mal feeds in the United States for 25 
years, following a discovery that they 
help promote growth and hence shorten 
the road to the slaughterhouse. The 
practice has become so common that, 
according to figures collected by FDA, 
some 48.6%, of all antibiotics produced 
in 1975 were added to animal feeds. In 
the mid-1960's, however, some scien- 
tists began to warn that such wide- 
spread use of antibiotics may be 
contributing to the growing problem of 
antibiotic resistance among microbes 
which cause human and animal diseases 
—resistance which is seriously compro- 
mising therapeutic uses of some drugs. 

One concern is that bacteria which 
cause disease in animals will become 
resistant to antibiotics, thus making the 
disease more difficult to treat. Another 
concern is that the resistant bacteria 
may be transferred from animals to 
humans either directly or through 
meat, milk or eggs. An added dimension 
to the concern is the fact, which is now 
widely established, that antibiotic 
resistance can be passed from one strain 
of bacteria to another—for example, an 
animal bacterium which becomes re- 
sistant to an antibiotic may pass its 
resistance to a human pathogen through 
a chance encounter. (Antibiotic re- 
sistance is largely determined by so- 
called R-plasmids, tiny rings of DNA 
which sit inside a bacterial cell and 
are reproduced each time the bacterium 
divides). 

Those concerns led the British 
government in 1968 to establish a 
special committee, under the chairman- 
ship of Professor Sir Michael Swann, 


to review the problem. The Swann 
Committee concluded “the administra- 
tion of antibiotics to farm livestock, 
particularly at the sub-therapeutic 
levels, poses certain hazards to human 
and animal health”, and it recom- 
mended a ban on the routine addition 
to animal feeds of antibiotics used to 
treat human and animal diseases. The 
British government swiftly adopted 
the recommendation, and other Euro- 
pean governments have since followed 
suit. 

Following publication of the Swann 
Report, FDA established a task force 
of its own to look into the matter, and 
in February 1972, the task force recom- 
mended that restrictions similar to those 
adopted in Britain should be imposed 
in the United States. But the task force 
put an important proviso on that re- 
commendation: the ban should be de- 
layed for up to two years to allow the 
drug industry time to try to prove its 
claim that the use of antibiotics in 
animal feeds does not lead to human 
health hazards. The deadline slipped by, 
but FDA took no formal action and 
non-therapeutic drug use on the farm 
has continued to increase. According 
to FDA estimates, 1.2 million pounds 
of antibiotics were added to animal 
feeds in 1960, 7.3 million pounds in 
1970, and an average of 7.7 million 
pounds each year between 1971-75. 

The first public indication that FDA 
hadn’t completely forgotten about the 
problem came last April when Donald 
Kennedy, the new FDA commissioner, 
announced that FDA was finally pre- 
pared to act. “Although we can point 
to no specific instance in which human 
disease is more difficult to treat because 
drug resistance has arisen from an 
animal source, it is likely that such 
problems have gone unnoticed”, Ken- 
nedy said. “The benefit of using these 
drugs routinely as over the counter 
products to help animals grow faster 
or in prophylactic programs does not 
outweigh the potential risk posed to 
people’, he added. Consequently, 
Kennedy announced that FDA would 
seek to eliminate use of penicillin and 
severely restrict use of tetracyclines in 
animal feeds. (It should be noted that 
some antibiotics most critically needed 
for therapeutic use in man and animals, 
such as chloramphenicol, semi-synthetic 
penicillin, gentamycin, and kanamycin, 
have never been allowed in animal 
feeds.) 

Last week FDA formally published 
a regulation barring use of penicillin 
in animal feeds, (it is used chiefly for 
pigs and poultry), and a similar ban 


Popperfoto 





Donald Kennedy : new commissioner 


on tetracyalines is expected in the next 
few weeks. Other antibiotics are under 
consideration, but FDA officials say 
they do not expect to take action on 
them in the near future. 

The FDA decision is sure to be con- 
troversial, and the agriculture and 
pharmaceutical industries are expected 
to challenge it in court. One reason is 
the economic impact. FDA reckons 
that eliminating penicillin alone will 
cost some $12 million in lost sales and 
increase feed costs: the impact of eli- 
minating tetracyclines is expected to be 
even higher. 

The industry is expected to argue on 
several different grounds. First, there 
is no demonstrated case in which anti- 
biotic resistance derived from lacing 
animal feeds has led to untreatable 
bacterial infection in humans. Second, 
that resistance to penicillin and tetra- 
cyclines is already so widespread that 
banning their use in animal feeds will 
make little difference. And third, the 
chief reason why antibiotic resistance 
has become such a serious medical 
problem is that antibiotics have been 
overused and inappropriately prescribed 
by the medical profession. 

The industry has a right to appeal the 
FDA decision by filing a complaint and 
requesting a public hearing, a process 
which could take up to a year and use 
of the drugs in animal feeds would be 
permitted until the appeal is exhausted. 
After that, the industry could go to 
court in an attempt to overturn the 
ban. 

Even if the FDA action is ultimately 
upheld, the use of antibiotics in animal 
feeds will not be ruled out entirely. 
The pharmaceutical industry has pro- 
duced a number of antibiotics which 
are not used to treat human disease and 
which may therefore be safer replace- 
ments for penicillin and tetracyclines. 
According to FDA officials, those anti- 
biotics are not in widespread use be- 
cause they are more expensive than 
penicillin and tetracyclines. 
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USSR___ RRR 
Discrediting the dissidents 





Vera Rich reports on efforts within the 
Soviet Union to play down the strength 
of dissident opinion 





THIS autumn, the Soviet Union will pe 
celebrating the sixtieth anniversary of 
the October Revolution, Unlike pre- 
vious anniversaries, this one will take 
place against a background of dissident 
opinion which, to the obvious em- 
barrassment of the official concept of 
Marxist-~Leninism as a ‘scientific’ basis 
for society, includes among the dis- 
sidents a number of scientists. 

Accordingly, it would seem that 
there is a last-minute campaign to 
reduce the impact of the dissident 
movement on the outside world before 
the celebrations commence, by means 
of media propaganda. 

A recent article in the prestigious 
Literaturnaya Gazeta attacked the Ox- 
ford conference on physical chemistry 
and hydrodynamics which was held in 
honour of the sixtieth birthday of 
Corresponding Academician Veniamin 
G. Levich. Totally ignoring the scienti- 
fic work of the meeting (for which see 
Nature 268, 298-299, 28 July, 1977), 
the article set out to prove that the 
organisers, Sir Derek Barton and Pro- 
fessor Brian Spalding, had been little 
more than figure-heads for organisers 


NEW ZEALAND 


@The latest budget from the New 
Zealand government gives a substan- 
tial fillip to the country’s Department 
of Scientific and Industrial Research. 
Although the country is going 
through difficult economic times ex- 
penditure on science-related activity 
is to rise by 16% to $NZ 35 million 
for the financial year 1977-78 
(£1=$NZ 1.78). That increase should 
keep pace with inflation and provide 
for some real increase as well but staff 
figures in the Department continue to 
be held at just over 2,000. 

The budget allocation breaks down 
into §NZ 14 million on agricultural 
work; $NZ 3.15 million on energy; 
$NZ 3.41 million on manufacturing; 
$NZ 6.81 million on the natural en- 
vironment; and the balance on miscel- 
laneous activities. The department is 
making a special effort on energy re- 
search in efforts to discover long-term 
alternatives to New Zealand’s reliance 
on overseas sources of fuel. 

Meanwhile university research per- 
sonnel gained some benefit from the 
budget, having gone through a very 


“far removed from science”. It cited 
the tact that a tew of the Soviet 
scientists invited were already dead. 
Professor Spalding said that he had 
found the names of the Soviet scientists 
in a 1976 edition of the World of 
Learning and added that a few clerical 
errors were inevitable in organising a 
large conference. 

Commenting on the article’s other 
main charge, that Professor Levich had 
long ceased to work in science, Pro- 
fessor Spalding pointed out that this 
was a particularly wicked accusation, 
since it was the Soviet authorities’ 
harassment that hindered Levich from 
continuing his scientific work. Spalding 
further noted that the author of the 
article seems to have violated the 
secret archives of the Academy of 
Sciences, concerning Levich’s failure to 
be elected full Academician. Since the 
Academy elections are still by secret 
ballot, this seems ominous. 

Somewhat similar in tone were the 
numerous broadcasts (largely in western 
languages) which preceded the Hono- 
lulu Congress of the World Psychiatric 
Association (WPA). The message was 
simple: Soviet psychiatry is a purely 
therapeutic activity, and all suggestions 
of the psychiatric repression of dissi- 
dents are simply propaganda. A num- 
ber of western psychiatrists were cited 


lean time. Last year the Universities 
Research Fund was denied funds by 
the government in a savage attack on 
spending. This budget allocates the 
Fund $NZ 750,000. 


6A master file of over 14,000 earth- 
quakes in earthquake-prone New 
Zealand has been established. The file 
has been placed on computer tape and 
runs from the first recorded earth- 
quake in ap 1460 to the most recent 
shocks of 1975. The file will greatly 
assist the task of scientists working 
out the geographic patterns of earth- 
quakes and researchers in the con- 
struction industry. 


®A Royal Commission on Nuclear 
Power is sitting in New Zealand in an 
effort to discover the real needs of 
the country before any step is taken 
to set up nuclear power stations. The 
Labour opposition has been vigor- 
ously opposed to nuclear power but 
the Conservative government is wait- 
ing on the Commission. The Minister 
of Energy Resources, Mr George 


as having concurred in the diagnoses 
given to alleged dissidents. However, 
Dr Avtandil Papiashviliar, a psychia- 
trist who recently emigrated to the 
West, said in London that such claims 
were “a straightforward lie”. He 
further maintained that during the 
WPA Symposium in Tbilisi, in 1974, the 
KGB had arranged for a genuine 
mental patient to break into the meet- 
ing, claiming to be persecuted by the 
police, in the hope that the visiting 
delegates would first protest, and then 
have to admit that the man was indeed 
in need of psychiatric attention. In the 
event, the Honolulu Congress passed 
(albeit narrowly) a motion censuring 
Soviet psychiatric repression of dis- 
sidents and the Soviet delegation 
decided not to secede from the WPA, 

Honolulu can rightly be claimed as a 
success for all those concerned with the 
human rights movement in the Soviet 
Union. No such success, however, can 
yet be claimed for the recent Anatolii 
Shcharanskii hearing in the Swedish 
House of Parliament. Shcharanskii, a 
young mathematician who was a foun- 
der member of the Moscow ‘Helsinki 
Monitoring Group’, was arrested last 
March accused of spying for the CIA. 
The Stockholm hearing, before Hirje 
Stenberg, Master of the Swedish Appeal 
Court, not only presented circum- 
stantial evidence of Shcharanskii’s 
innocence, but also pressed for his 
human right of a fair trial. 0 


Gair, says he believes the country has 
at least five years in hand before any 
decision need be taken. 


®The government has set up a work- 
ing party to examine the need for 
legislation to control genetic engin- 
eering experiments which are going 
on in New Zealand. So far, the few 
scientists working in the field have 
agreed to abide by the Williams Com- 
mittee guidelines from the United 
Kingdom, but now the government 
believes further study is needed. 


®Just to produce and supply elec- 
tricity to New Zealand’s three million 
people is calculated to cost about 
$100 for every person. In an effort to 
recoup the costs the government con- 
tinues to allow energy prices to rise. 
But in the search for alternative 
sources the government will control a 
major on-shore drilling programme, 
take over an off-shore mining com- 
pany and the Natural Gas Corporation 
which controls the Maui gas field. 


Bruce Wallace 
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Instant data 


By 1979 experimental data should be 
travelling between four major European 
high energy physics laboratories almost 
as fast as it can be processed. Under a 
project called STELLA (Satellite Trans- 
mission Experiment Linking Lab- 
oratories), which will involve the UK’s 
Rutherford Laboratory, DESY in 
Germany, Saclay in France and CERN 
in Geneva, the data will be transmitted 
via the Orbital Testing Satellite, the 
European Space Agency’s communica- 
tions satellite scheduled for launch on 
8 September. 

The project has recently won ap- 
proval from the Council of Ministers of 
the European Economic Community 
for funding worth SF 1.2 million, which 
will be spent on building a small satel- 
lite earth station and associated com- 
puter at CERN. It should demonstrate 
to industry and Europe’s posts and tele- 
communications organisations, the 
value of using the new design of 


AGRICULTURAL productivity throughout 
the world is increasingly dependent on 
the liberal use of chemical fertilisers, 
particularly those containing nitrogen. 
This is true of the sophisticated farm- 
ing systems in Europe and North 
America, and where the ‘green revolu- 
tion’ is successful in developing 
countries, A substantial amount of 
energy and oil goes to produce these 
fertilisers, and therefore many people 
are doubtful whether their continued 
and increasing use will be possible 
in an energy-hungry world in the 
twenty first century. 

As I showed on 25 August, oil- 
hungry tractors actually use less 
energy than horses on the farm. 
Chemical fertilisers may, on balance, 
increase the amount of energy avail- 
able to the farmer and to the popula- 
tion he serves. Returning to our 
Kalahari bushman, so idolised by 
some ecologists for his allegedly- 
economical use of energy; he cer- 
tainly extracts many more calories 
than he puts into the system, but he 
only obtains enough food from a 
square mile or more of territory to 
feed himself. The modern arable 
farmer feeds several people on the 
produce of a single acre. He puts 
more into the system, but he takes a 
great deal more out. The difference 
between his energy expenditure, in 
cultivation, spraying and harvesting, 
and that stored in his crops, is 
several hundred times that of the 
bushman’s total productivity per unit 
area, 

In the UK we use less than a million 


European satellite for transmitting data 
almost instantaneously at very low 
error rates. 


Spacelab selection 


Last week, 12 European countries put 
forward 53 candidates for selection as 
Europe’s first astronaut. Whoever is 
chosen will travel with one American 
on the first mission of the European 
Space Agency’s (ESA) Spacelab, a re- 
usable space laboratory which will be 
put into earth orbit in 1980 by NASA’s 
Space Shuttle. 

By the end of this year the 53 candi- 
dates will have been whittled down to 
six who will undergo further tests by 
NASA and ESA. Before the middle of 
next year, three will have been chosen 
for intensive training for the first 
Spacelab mission. A few months before 
the launch, one will be finally selected 
to travel in Spacelab while the other 
two work on ground-based activities. 

The UK has put forward five candi- 


tons of oil to produce over a million 
tons of nitrogenous fertiliser. Only a 
part of this is used on cereal crops 
which now yield annually some 
fifteen million tons of grain and ten 





Food for energy 








KENNETH MELLANBY 





or more million tons of straw. With- 
out the fertiliser the yields would be 
reduced by a factor of two or even 
three. The energy wasted by burning 
some three million tons of unwanted 
wheat straw could, in theory, power 
all our tractors and the factories 
making our manures. 

Unfortunately we cannot, at 
present, use the straw in this way, but 
we should surely try. To turn straw, 
readily available on the surface of the 
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dates, the maximum number any 
member country of ESA was allowed to 
submit. They are William Grut from 
Surrey University, Geoffrey Firmin 
from Associated Nuclear Services Ltd, 
Arthur Ince from East Birmingham 
Hospital, Keith Mason from the Mul- 
lard Space Science Laboratory and 
M. J. Rycroft from Southampton 
University. 

Whilst Europe has been selecting 
candidates for Spacelab, NASA has = 
been working out how much to charge- 
customers for flights on the Space 
Shuttle. The cheapest fare, at $10,000, 
is likely to be for payloads involving 
research, weighing less than 200 pounds 


and with a volume less than five cubic = 


feet. The maximum fare will be around 
$21 million for full use of the Shuttle 
by non-US government customers. 
NASA already has 40 payloads for 
1980, the first year of the Shuttle’s 
operation. Spacelab is due to go up on 
Space Shuttle flight 11 for a fare some- 
where in the middle of the price range. 


ground, into useable fuel should be a 
simple problem for our research 
workers to solve. A fraction of the 
money used for more esoteric agri- 
cultural research would be well in- 
vested to this end. 

Although arable farming uses 
energy efficiently, further improve- 
ment is desirable, if only to reduce 
costs. In Britain we waste a sub- 
stantial amount of organic manure 
which would save synthetic chemicals 
and might improve soil structure, but 
which, when fuels are cheap, is ex- 
pensive to use. As fuel prices rise, this 
waste will be avoided. Cultivation may 
be further reduced when weeds are 
controlled by modern herbicides. 
Though it will probably be a long 
time before research to make it pos- 
sible for cereals to fix atmospheric 
nitrogen gives positive results, we 
now make too little use of the ability 
of leguminous crops to perform this 
function. World phosphate supplies 
are limited, but fungal mycorrhizae 
may be increasingly used to mobilise 
insoluble compounds in the soil. All 
the indications are that in future agri- 
culture will use less and not more 
energy, without any loss in pro- 
ductivity. 

Thus though we may face a global 
energy shortage in the next twenty 
five or thirty years, so that the extra- 
vagant use of cars and aeroplanes may 
have to be restricted, and we may 
have to stop overheating our houses 
and offices, we should, with a rational 
system of priorities, have plenty of 
energy to produce our food. 
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correspondence 





Alaskan earthquake 


Sir,—-The item on Alaskan earth- 
quakes by P. J. Smith (7 July, page 12) 
is misleading-~the point at issue is not 
the frequency of seismic events in 
Northern Alaska, but their magnitude. 

The section of the pipeline of which 
he writes was required to be designed 
to withstand an earthquake of mag- 
nitude 5.5 without spillage; the federal 
requirements were only drawn up after 
extensive analysis by a variety of 
groups not depending solely on seismic 
data. Obviously these people appre- 
ciated that the absence of recorded 
activity was more apparent than real. 
I can see no reason to assert, as Smith 
does, that a report on the frequency of 
seismic events in the magnitude range 
1 to 4 for a section designed to resist 
magnitude 5.5 shocks reveals an 
example of oversimplification through 
ignorance. 

I might add that many crude oil 
pipelines around the world were built 
before good seismic data became avail- 
able (for instance in Iran early in the 
century) and there is no record of any 
of them ever having ruptured as a 
result of an earthquake. 

Yours faithfully, 
F. G. LARMINIE 
British Petroleum, London, UK 


China and scientific unions 


Sir,—In your editorial (28 July, page 
283), you accuse The People’s Repub- 
lic of China of “trying to import” 
politics into the international scientific 
unions. You ignore the fact that poli- 
tics must inevitably play a role in the 
unions as they are at present consti- 
tuted. For example, how can a union, 
composed of member countries and 
financed by their governments, fail to 
consider the question of what is meant 
by a country? 

In discussing Chinese representation 
in the unions one should remember 
that Taiwan has never been claimed 
to be other than a province of China 
by the authorities either in Peking or 
Taipei. Thus recognising Taiwan as an 
independent country would place the 
international unions in the strange 
position of giving Taiwan a status not 
claimed for it by any international 
authority including the United Nations 
and UNESCO, or even by its own 
administration. Although this is a 
course of action that was taken by 


several of the unions (eg the Inter- 
national Astronomical Union in 1958), 
such a decision withdrew the right 
of the Academia Sinica in Nanking to 
represent a part of China which it had 
previously represented and in my view 
thereby often violated the statutes of 
the union. 

Such actions took place during the 
fifties when a successful campaign was 
instigated by the US State Department 
to secure the membership of China in 
the unions for representatives of the 
Academia Sinica in Taipei. Often the 
Taiwanese applied and were admitted 
to membership of unions for which 
any relevant activity in Taiwan was 
miniscule or non-existent. The acqui- 
escence of ICSU and its unions in 
this attempt to isolate the Chinese 
from the international scientific com- 
munity is responsible for the bitterness 
with which many Chinese scientists 
still view ICSU and the insistence with 
which they demand that the previous 
decisions be reversed. 

Yours faithfully, 
GEORGE K. MILEY 
Leiden, Netherlands 


No arms link 


Sir,—In your ‘in brief? column (18 
August, page 582) you state that 
“African National Congress officials 
are reported as saying that 15 German 


research institutions, including the 
Max Planck Institute for Nuclear 
Physics at Heidelberg, have contri- 


buted to South Africa’s arms pro- 
gramme”. We would like to state that 
the Max Planck Institute for Nuclear 
Physics is devoted only to basic re- 
search in the physics of nuclear 
structure and nuclear reactions. This 
research is completely unrelated to 
arms production. 
Yours faithfully, 
U. Scumipt-Rour 

Max Planck Institute for 

Nuclear Physics, 
Heidelberg, West Germany 


Sunflower: a misnomer? 


Sir,—It is commonly believed that the 
movement of the sunflower (Helianthus 
annuus) is a typically heliotropic move- 
ment and that with a certain lag, heads 
follow the path of the sun across the 
skies in the wake of its daily east-west 
movement. Observations on a field of 


sunflowers growing in the essentially 
cloudless Mediterranean summer 
climate at the Ma’abaroth kibbutz 
settlement in the Sharon plain in Israel 
reveal that during the night the extent 
of sunflower head movement is more 
rapid than during the day. 

At dusk all heads do indeed face 
west, but by 2am, before any trace of 
light on the horizon, all heads had re- 
verted to an east facing position. 
Calculated average velocity of move- 
ment during daylight is +13° per h as 
against +26° per h in the dark. 

Furthermore, when complete rota- 
tion towards the east had occurred, by 
2am the heads were held at ~ 40°~45° 
above the horizontal and upon the 
appearance of the sun heads ‘nodded’ 
eastwards to the extent of a further 
15°, as if slightly bowing to greet the 


rising sun, and only subsequently 

started their daily journey westwards. 
These observations suggest an 

endogenous ‘spring’ mechanism, 


apparently wound up by the sun and 
released in the dark or light period. 
The fact that the night movement is 
twice as rapid as that of the day seems 
to support the concept that the ‘spring’ 
release occurs in the dark and the 
winding in the light since unhindered 
mechanical spring release is presumably 
more rapid than winding, which 
demands active energy input. If, how- 
ever, in the future the converse proves 
to be true, botanists may possibly reach 
the conclusion that the designation 
‘sunflower’ (of similar etymology in 
most languages) may be a misnomer 
and it its stead ‘nightflower’ may be 
suggested... 
Yours faithfully, 
Ya’acov Y. LESHEM 

Bar-Ilan University, 

Ramat-Gan, Israel 


‘The Iron Sun’ 


Sir,—Roman Znajek, in his review of 
my book The Iron Sun (30 June, page 
867) suggested, no doubt unintention- 
ally, that I had misquoted Einstein. In 
fact, I had made a proof-reading error. 
The passage in Einstein’s The Meaning 
of Relativity to which I had wanted to 
draw attention is on page 26 of the 
1973 Chapman and Hall Science Paper- 
back edition. 
Yours faithfully, 
ADRIAN BERRY 

London W8 
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news and views 





Predators that switch 


from Robert M. May 


PREDATION is an important factor 
in enhancing the diversity of plant 
and animal communities. One classic 
example of the way predation can 
promote coexistence among competi- 
tors that would otherwise not persist 
together is Paine’s (Am. Nat. 100, 65; 
1966) study of what happened when 
the dominant predator (a starfish, 
Pisaster) was systematically removed 
from an intertidal community of 
marine invertebrates: in less than 2 
years, the community collapsed from 
15 to 8 species. A variety of other 
broadly similar examples, from com- 
munities on the land and in the sea, 
have been drawn together by Connell 
(in Ecology and Evolution of Com- 
munities, (eds Cody & Diamond) Har- 
vard University Press, 1975). 

Suppose we have two or more 
competing species, one of which 
would exclude the other in the absence 
of predation. One pervasive mech- 
anism whereby a predator can enable 
these competing prey species to co- 
exist is by directing a disproportion- 
ately large amount of its attention to 
the prey species that happens to be 
most abundant at any one time. This 
‘switching’, to concentrate attacks 
largely on the most common prey 
species, may be a simple consequence 
of the predator’s searching behaviour; 
for example, many predators form a 
‘search image’, which is likely to be 
set by the locally most abundant prey 
species. Such patterns of ‘switching 
predation’ are common among verte- 
brate predators (Holling Can. Ent. 91, 
293. 1959: Murdoch Ecol. Monogr. 39, 
335; 1969), and also among many 
invertebrate ones (Murdoch & Oaten 
Ady. ecol. Res. 9, 1; 1975; Hassell 
Lawton & Beddington J. Anim. Ecol. 
46, 249; 1977). 

There is no doubt that predation 
with switching exerts a generally 
stabilising effect on the dynamics of 
a community. Elementary accounts of 
the phenomenon are, however, liable 
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to two common 
which several 
helped to clarify. 

The first misunderstanding concerns 
the extent to which switching pred- 
ators contribute to the overall stability 
within the single trophic level of the 
competing prey species. Too often, 
simple accounts portray switching as 
a kind of Universal Stabiliser. In fact, 
as first emphasised by Steele (The 
Structure of Marine Ecosystems, Har- 
vard University Press, 1974), although 
switching in a l-predator/n-prey sys- 
tem (in which one species of predator 
preys on n species of prey) will tend 
to stabilise the competitive inter- 
actions, it can result in overall in- 
stability if each individual 1-predator/ 
l-prey system is by itself unstable. 
Steele lucidly combines qualitative 
reasoning, analytic results and a com- 
puter simulation to show that in this 
case the internal dynamics within the 
prey trophic level will settle to some 
stable state (some stable proportion 
of each prey species), but nonetheless 
the overall prey/predator system re- 
mains subject to the basic instability 
manifested by the individual prey/ 
predator interactions. Steele’s dis- 
cussion is for overlapping generations, 
with differential equations; another 
illuminating study is by Comins and 
Hassell (J, theor. Biol. 62, 93; 1977), 
who consider a 1-predator/2-prey sys- 
tem with non-overlapping generations 
obeying difference equations. In the 
model discussed by these authors, it 
can be seen explicitly that predator 
switching enlarges the domain of para- 
meter space wherein the two prey 
species can coexist, yet it has no 
influence on the boundaries of the 
domain of parameter space wherein 
the overall prey/predator system is 
stable. These themes are succinctly 
summarised by Murdoch (Am. Nat. 
111, 383; 1977). 

The second misunderstanding con- 
cerns the extent to which generalised 
predation, without any switching, can 
help competing species to coexist. In 
very simple mathematical models 


misapprehensions, 
recent papers have 


(where all prey have the same in- 
trinsic growth rate) a perfectly gen- 
eralised predator, which attacks all 
prey species in impartial fashion, 
makes no difference to competitive 
coexistence among the prey; the in- 
ternal dynamics within the trophic 
level of the prey is unaffected by 
predation of this evenhanded kind 
(Van Valen J. theor. Biol. 44, 19; 1974; 
May in Some Mathematical Problems 
in Biology 6 (ed. Cowan) Amer, Math. 
Soc., Providence, Rhode Island, 1974), 
But a small amount of switching be- 
haviour on the part of the predator 
alters this situation, and can make 
possible a significantly greater degree 
of ‘niche overlap’ among the com- 
peting prey species than would other- 
wise be possible (Roughgarden & 
Feldman Ecology 56, 489, 1976; Jan- 
son, in manuscript, 1975; Murdoch 
and Oaten, op. cit.). Roughgarden and 
Feldman’s study is a particularly clear 
and rigorous account of the way pred- 
ator switching can permit increased 
niche overlap among the prey; yet at 
least one recent publication quotes 
it as affirming the broader and un- 
qualified conclusion that “predation 
increases niche overlap.” 

Of course, predation can modify the 
basic conditions under which competi- 
tion takes place, even if there is no 
switching. Thus generalised predation 
may promote coexistence if, among 
the prey, the less able competitors 
have higher intrinsic growth rates. 
Specific examples arise in pastures 
subject to ‘predation’ by grazing. 
Here species diversity can be increased 
because plants that would be shaded 
out, or otherwise outcompeted, are 
given a chance. Harper’s (in Diversity 
and Stability in Ecological Systems, US 
Natn. Bur. Standards, Springfield, Vir- 
ginia, 1969) review of such situations 
includes deliberate and accidental (fol- 


lowing myxomatosis) experiments 
where rabbits were withdrawn, and 
controlled experiments in pastures 


grazed by sheep. Paine’s example is of 
this general kind. o 
The above discussion (despite its. _ 
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pedantic nit-picking) is directed mainly 
at affirming that predation in general, 
and particularly predation with switch- 
ing, can make it easier for prey 
species to coexist, and thus lead to 
communities that are more diverse at 
the species level. If we shift our per- 
spective to focus on the coexistence 
of different genotypes within a single 
prey species, analogous considerations 
arise. By concentrating its attacks on 
the most common genotype, a switch- 
ing predator can enable the rarer 
genotype to enjoy higher fitness; this 
amounts to ‘frequency-dependent 
natural selection’, and is a powerful 
mechanism whereby genetic poly- 
morphism can be stably maintained. 
This case has been argued by Clarke 
(Sei. Am. 233 (2), 50; 1975), who 
emphasises that predator switching is 
only one of a variety of biologically 
plausible ways in which frequency- 
dependent natural selection may be 
realised. g 


Two-faced neurones 


from Key Dismukes 


Tae classic concept of neuronal opera- 
tion—dendritic summation of synaptic 
inputs, generation of all-or-none action 
potentials, propagation along axons, 
and release of neurotransmitter from 
terminal boutons—increasingly seems 
to be an oversimplification. For several 
years evidence has been accumulating 
for an array of information processing 
operations that go beyond the frame- 
work of traditional neuronal doctrine 
(Schmitt, Dev & Smith Science 193, 
114; 1976). In the retina, for example, 
the dendritic projections of axonless 
local neurones interlace with the syn- 
aptic connections of other cells com- 
municating bidirectionally without the 
use of action potentials. 

Recent biochemical studies suggest 
that the traditional view of the neurone 
as transmitting information in only one 
direction will have to be modified. The 
dopaminergic cells of the substantia 
nigra have provided the most striking 
evidence, recently reviewed by L. Iver- 
sen (at the Neurosciences Research 
Program Study Program at Boulder, 
Colorado in July (to appear in The 
Neurosciences: Fourth Study Program 
(eds Schmitt & Worden) MIT Press), 
in whose laboratory much of the work 
has been done. 

Cytochemical studies in several lab- 
oratories have indicated the presence of 
dopamine and the enzymes of its bio- 
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synthetic pathway not only in cell 
bodies of the substantia nigra, but also 
in dendritic fields. This surprising dis- 
covery raised the suspicion that dopa- 
mine might be released from dendrites, 
in addition to its normal secretion from 
axon terminals. To investigate this 
possibility, Iversen’s group studied the 
release of dopamine from nigral tissue 
in vitro by applying the superfusion 
chamber techniques that have been 
widely used to elucidate mechanisms of 
neutrotransmitter secretion. In contrast 
to the usual conditions, the tissue in 
these experiments contained no axon 
terminals bearing the transmitter being 
studied (the dopaminergic axons of the 
substantia nigra terminate remotely, in 
the forebrain). Thus, if dopamine 
release occurred, it would have to be 
from the dendrites and/or the cell 
bodies. 

Dopamine was in fact found to be 
released from the substantia nigra, in 
a fashion closely paralleling that seen 
in the neostriatum, which does contain 
dopaminergic nerve terminals (Geffen 
et al. Nature 260, 258; 1976). Depolar- 
ising tissue fragments by raising the 
external concentration of K* produced 
a substantial efflux of dopamine. This 
efflux was blocked by removing Ca’* 
from the superfusion medium, or by 
Mg’* concentration. Ca’** flow is known 
to be a central mechanism in neuro- 
transmitter release; thus dopamine 
efflux from substantia nigra satisfies one 
of the major criteria for distinguishing 
the specific secretion of a transmitter 
molecule from nonspecific leakage 
through membranes. 

Most of these experiments were per- 
formed by labelling endogenous dopa- 
mine pools with °H-dopamine and 
following the appearance of radio- 
activity released into the superfusion 
fluid. This was possible because the 
substantia nigra possesses a high- 
affinity uptake mechanism for dopa- 
mine. This is an interesting fact in 
itself, because these specialised uptake 
systems are generally associated with 
nerve terminals, and are thought to 
provide a means of inactivating trans- 
mitter molecules released into the syn- 
aptic cleft. Verification of the results 
obtained with *H-dopamine in vitro 
was obtained by using a highly sensitive 
radioenzymatic assay to demonstrate 
the minute efflux of endogenous dopa- 
mine released by depolarisation. Release 
of dopamine from substantia nigra has 
recently been directly demonstrated in 
vivo. Nieoullon ef al. used push—pull 
canuli to superfuse the substantia nigra 
with *H-tyrosine and to monitor the 
efflux of *H-dopamine synthesised intra- 
cellularly (Nature 266, 375: 1977). As 
in in vitro experiments, elevated K* 
concentration stimulated the release of 
°H-dopamine. 
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Does dopamine released from the 
substantia nigra come from dendrites 
or from cell bodies? That question was 
answered by making use of the 
segregated topography of this nucleus. 
Dopaminergic cell bodies are confined 
to a central zona compacta, whereas 
dendritic processes invade both that 
zone and the surrounding zona reti- 
culata. “H-dopamine was taken up and 
released by depolarisation in both 
regions indicating that dendrites are 
indeed capable of secreting neurotrans- 
mitter. 

What are the targets of dopamine 
released from the substantia nigra? 
Evidence suggests that one possibility 
is the GABA-containing axons from 
the striatum which terminate in the 
substantia nigra. Dopamine was 
recently reported to stimulate the over- 
flow of *H-GABA from nigral tissue 
in vitro (Reubi, Iversen & Jessell 
Nature 268, 654; 1977). This stimula- 
tion was blocked by antagonists of 
dopamine, or by lowering Ca’* con- 
centration, indicating that the effect 
was specific. 

Iversen also reported that modulation 
of GABA release from striato-nigral 
terminals is also suggested by lesion 
studies. Neural responses to dopamine 
seem generally to be mediated by 
cyclic AMP, whose formation is con- 
trolled by adenylate cyclase linked to 
dopamine receptors. Lesions of 
striato-nigral pathways containing 
GABA were found to cause disappear- 
ance of dopamine-sensitive adenylate 
cyclase in the substantia nigra. In con- 
trast, destruction of substance P path- 
ways or of dopaminergic cells them- 
selves did not reduce activity of this 
adenylate cyclase. 

Aghajanian and Bunney have shown 
that microiontophoretic application of 
dopamine to the substantia nigra in 
vivo inhibits the firing of dopaminergic 
cells (Neunyn-Schmeidebergs Archs 
Pharmac. 297, 1; 1977). This finding, 
coupled with the GABA studies, 
suggests a functional role for dendri- 
tic release of dopamine. GABA 
should inhibit the firing of dopamin- 
ergic cells in the substantia nigra. 
Dendritic release of dopamine, by 
stimulating GABA release from pre- 
synaptic terminals, could provide a 
local feedback mechanism to modulate 
the activity of dopaminergic neurones. 

Morphological features suggest that 
dopamine may be released from den- 


drites by a different mechanism 
from that in axon terminals. Iversen 
reported that electron micrograph 


studies give no suggestion that dopa- 
mine-bearing dendrites contain synaptic 
vesicles. (This raises a puzzling question 
about the function of Ca?*, whose role 
in secretion is believed to involve 
triggering extrusion of vesicle-bound 
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transmitter). Nor is there any indication 
that dopaminergic dendritic elements 
form synaptic connections with other 
cells. However, several authors have 
suggested, on the basis of morpho- 
logical evidence, that amine neuro- 
transmitters in the brain can be 
released nonsynaptically (Chan-Palay 
Cerebellar Dentate Nucleus 418-425, 
Springer Verlag, Berlin, 1977, and 
references therein). This mode of 
secretion could be aimed at more dis- 
tributed targets, and might represent a 
form of communication intermediate 
between the exclusive addressing of syn- 
apses and the broadcasting of hormones. 


Giant molecular 
clouds 


from M. G. Edmunds 


A workshop on Giant Molecular 
Clouds in the Galaxy was held at 
Gregynog Hall, Newtown, Wales 
It was 


from 8-13 August 1977. 
organised by University College, 
Cardiff. 


THE recent rapid growth in knowledge 
of the distribution of the carbon mon- 
oxide (CO) molecule in the Galaxy by 
observation of its line radiation at mili- 
metre wavelengths has led to the 
discovery of a new and very significant 
component of galactic structure; the 
Giant Molecular Cloud. The impor- 
tance of CO is as an indicator of the 
otherwise virtually unobservable hydro- 
gen molecule H: Where CO forms, it 
is expected that H; will also form, and 
since hydrogen is by far the most 
abundant element in the Galaxy, the 
CO maps can trace the overall density 
of the interstellar medium. The result 
of surveys such as those outlined by 
P. M. Solomon (Stonybrook, New 
York) suggest that there exist very 
large 10-80pc clouds of molecules 
with masses which are typically 10° 
solar masses and may even reach as 
high as 10’ solar masses. Of particular 
importance have been new maps in 
CO radiation which do not suffer from 
the severe optical depth uncertainties of 
“CO but confirm the large masses of 
the clouds. The densities are high in 
these clouds, on average about 700 
molecules per cubic centimetre, com- 
pared with a value of perhaps one atom 
per cubic centimetre in the general 
interstellar space between the clouds. 
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Infectious provirus 
synthesised in vitro 


from Robin Weiss 












































On page 122 of this issue of Nature 
Ellen Rothenberg and her colleagues 
describe the in vitro synthesis of infec- 
tious DNA of murine leukaemia 
virus. Although this feat of high 
fidelity reverse transcription was first 
announced more than a year ago, and 
this paper comes as no surprise, it 
does mark the culmination of several 
years investigation of reverse trans- 
criptase activity in vitro. The suc- 
cessful transfection of a retrovirus by 
DNA extracted from infected cells 
was first achieved by Hill and Hillova 
(Nature new Biol. 237, 35; 1972) and 
it constituted a formal proof of 
Temin’s DNA provirus hypothesis. 
Now the MIT laboratory’s improved 
techniques have yielded complete 
DNA transcripts in vitro which show 
single-hit dose response for infectivity. 

The infectivity of the transcripts 
is resistant to protease and ribonu- 
clease but is completely destroyed by 
deoxyribonuclease. The structure of 
the infectious DNA molecule is 
curious. It appears that a full-length 
negative strand is synthesised and 
shorter segments of positive-strand 
DNA are formed in duplex with it. 
Transcripts synthesised in the presence 
of actinomycin D are not infectious; 
whether this is attributable to the 
absence of positive-strand DNA or to 
incompleteness of the negative-strand 
transcripts is not clear. The data and 
their significance are so clearly pre- 
sented that any further commentary 
here is superfluous. 


The importance of the clouds lies not 
only in their being easily the most 
massive individual objects in the galac- 
tic disk, but also because they are 
regions of very active star formation. 
The actual number of these clouds 
in the Galaxy was a matter of some 
contention, depending to some extent 
on whether the giant clouds are regard- 
ed as a single gravitationally bound 
system, with complex subcondensations, 
or as a superposition of smaller inde- 
pendent subunits as proposed by 
M. Gordon (US National Radio 
Astronomy Observatory). Most partici- 
pants were content to accept that each 
cloud really is a single large complex, 
and the probable number would then 
be of order 1,000-4,000, constituting the 
major part of the mass of interstellar 
material in the Galaxy. The clouds are 
not uniformly distributed, showing a 
very marked ‘ring’ structure with a 
concentration of the clouds between 
4 to 8kpc from the centre. It is inter- 
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esting that the distribution of clouds 
has not yet been shown convincingly to 
indicate spiral structure in the disk, 
although A. Pedlar (Jodrell Bank) 
claimed some slight evidence from a 
formaldehyde molecule survey. The 
Galactic Centre itself is the other 
major concentration of molecular 
clouds, a fascinating complex reviewed 
by N. Scoville (University of Massachu- 
setts) containing as much as 10’ to 10° 
solar masses, with recent data indicat- 
ing that a model with an expanding 
spiral pattern extending right in to the 
centre may be more attractive than > 
previously proposed expanding disk ~ 
models. 

The formation of stars in the molecu- =; 
lar clouds is clearly demonstrated by 
the existence of infrared sources, 
caused by the inevitable heating of — 
gas and dust as it collapses under its 
mutual gravitational interaction, and 
further heating once the stars have 
started nuclear energy generation, One’. 
obvious site for star formation in the 
clouds is the characteristic small 
‘cores’ where higher than average tem- 
peratures and densities indicate that 
collapse may be taking place. Much.’ 
evidence was presented that although 
low mass stars may form throughout 
the clouds, the high mass stars over 
about 12 solar masses form only 
near the edge of the clouds. B. 
Elmegreen (Harvard University) and | 
C. Lada (Center for Astrophysics, 
Cambridge, Massachusetts) claimed this 
as good evidence for a mechanism of 
inducing the collapse of further pro- 
tostars at the edges of the clouds by 
the effect of compression between shock 
and ionisation fronts driven into the 
clouds by radiation, once one bright 
massive star has formed. The existence 
of ionised hydrogen regions at the edge 
of molecular clouds seems very com- 
mon, and F. Israel (Caltech) presented 
evidence that most bright, dense regions 
are of this type, with ionised radiation 
eating its way into the cloud. 

But the mechanism which actually 
drives the typical subcondensation of a 
cloud into a state where it will collapse 
into a star, or cluster of stars, was the 
subject of much discussion. The effects 
of the shock wave from a supernova 
explosion was championed by G. 
Assousa (Carnegie Institution, Wash- 
ington), and shocks induced by stellar 
winds from massive stars maintained as 
a possibility by L. Blitz (Columbia 
University) when presenting CO maps 
of many local molecular clouds. 
P. Woodward (Leiden) described hiso 
extensive numerical calculations of the 
collapse of clouds induced by the pas- 
sage of the large-scale density-wave 
pattern which is believed to maintain a 
spiral structure in the Galaxy. He 
received some support from 
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Elmegreen’s observation of what looks 
like a temporal star formation sequence 
along the Galactic plane from an infra- 
red source at one end of a giant 
molecular cloud to a young ionised 
hydrogen region M17 at the other end 
of the cloud. But the star formation 
in many other clouds, such as Orion, 
shows no particular preference for the 
direction along the Galactic plane. 

Probably all of the mechanisms, and 
simple cooling or collisions, are 
important in instigating the collapse of 
the clouds. Once collapsing it is possible 
that the collapse phase may be fairly 
insensitive to the inducing mechanism. 
Attempts to follow the subsequent 
dynamical and chemical evolution de- 
scribed by A. Glassgold (University of 
Oxford) and others are idealised and 
have not yet reached the stage where 
they can be reliably compared with 
observation. The effects of magnetic 
fields are beginning to be incorporated, 
but the particular physical and chemical 
conditions peculiar to the molecular 
clouds must also be incorporated. 

Very small scale structure in the star- 
forming areas of the clouds can be 
obtained by observations of radio lines 
of molecules, such as H:O, SiO and 
OH, formed under maser conditions. 
D. Downes (Bonn) showed some 
beautiful very-long-baseline-interfer- 
ometry H:O maser maps of several mol- 
ecular clouds compiled by American- 
German-Russian—Swedish collabora- 
tion. The maps show detail down to 
milliarc s, corresponding to sub- 
Solar System sizes in molecular clouds. 
Downes proposed that the best inter- 
pretation of the motion of the clusters 
of masering regions is as the effect of 
the shell containing the masers expand- 
ing and breaking up after the formation 
of a star at the centre. Scoville, in look- 
ing at the high velocity gas observed in 
“CO mapping of the Orion molecular 
cloud, proposed on energetic grounds 
that an explosion must have occurred 
(perhaps a supernova) since radiation 
presure from a massive star would be 
insufficient to drive the matter out- 
wards without the infrared luminosity 
of the source exceeding its observed 
value. 

Complex molecules may be of great 
relevance for the composition of inter- 
stellar dust. F. Hoyle and N. C. 
Wickramasinghe (University College, 
Cardiff) proposed polysaccharides, pos- 
sibly formed by surface polymerisation 
of the common formaldehyde mole- 
cules, as excellent candidates to explain 
the 10, 3 and 3.4 um features observed 
in the infrared spectra of compact 
sources. They also suggested that 
organic ring structures may explain the 
2,200 A ultraviolet feature in the inter- 
stellar extinction curve. Support for the 
idea that a fairly volatile component 


does indeed produce the 2,200 A feature 
was provided by Israel, who described 
a preliminary analysis of ultraviolet 
satellite observations of the galaxy 
M101! which suggests that the feature 
vanishes near young hot stars, an effect 
already noticed in the 30 Doradus 
nebula in the Large Magellanic Cloud. 

Not all star-forming molecular clouds 
in the Galaxy are massive. Elmegreen 
described a complex in NGC 7023 of 
about 1,000 solar masses, and 
M. Walmsley (Bonn) a molecular cloud 
in Taurus of only about 1 solar mass. 
In both these clouds, low mass star 
formation seems to be occurring. 

Many questions were necessarily left 
unanswered. How do the massive clouds 
form? Why are they such long-lived 
structures, with their estimated life- 
times greatly exceeding the expected 
gravitational collapse time, yet allowing 
some star formation to proceed? 
Giant Molecular Clouds have estab- 
lished themselves as a primary compo- 
nent of the Galaxy, and their study will 
provide many clues in understanding 
the mechanism of star formation. 


Actin cables 


from Roger Craig 


Tue view that muscles contract by a 
sliding of the actin filaments past the 
myosin filaments is firmly entrenched 
in our minds. So beautifully does it 
explain both structural and bio- 
chemical observations, that the pos- 
sibility that actin or myosin in non- 
muscle cells might perform in any dif- 
ferent way has, until recently, hardly 
been countenanced. But actin, for one, 
does now seem to function in some 
cells in a distinctly non-muscular 
fashion. 

In muscle, actin occurs as filaments 
—helices of globular actin monomers 
—which function in two intimately 
related ways: as structural com- 
ponents able to bear tension, and as 
activators of the energy-releasing 
ATPase cycle of myosin. fn non- 
muscłe cells actin can occur in dif- 
ferent forms depending on the 
immediate and local needs of the cell, 
One of the most important of these 
seems to be cables of parallel filaments, 
which are found in intestinal micro- 
villi, in tissue culture cells, in the 
acrosomal process of some invertebrate 
sperm, in the cytoplasm of plant cells, 
and in many other situations. 

Although myosin occurs in associa- 
tion with actin in many non-muscle 
cells (although generally in minute 
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amounts), there are some cells rich in 
actin where myosin has not been 
detected. The question therefore arises: 
does actin perform a non-motile role 
in some cells, or does it perform a 
motile function without the participa- 
tion of myosin? Actin cables should 
provide some answers to these ques- 
tions: since they are a different struc- 
tural state of actin from that found 
in muscle, it would not be surprising 
if they also differed functionally. 

What are the structural advantages 
of a tightly packed cable of actin 
filaments? The most obvious is one of 
rigidity: filaments bound together 
laterally will form a much more rigid 
structure than an array of unconnected 
“filaments. Such a structure should be 
able to support a compressive load in 
addition to the tensile forces actin can 
sustain in muscle contraction. The 
finding of a criss-cross network of 
such cables in many cells has led 
several authors to suggest that actin in 
some instances may fulfil a purely 
structural role, as part of a cyto- 
skeleton which maintains cell shape 
and strength (see Clarke & Spudich 
A. Rev. Biochem. 46, 797; 1977). An 
instance where actin seems to have a 
motile ability not dependent on myosin 
is the acrosomal reaction of some in- 
vertebrate sperm (Tilney in Molecules 
and Cell Movement (eds Inoué & 
Stephens), Raven Press, New York, 
1975). The acrosomal process, which 
penetrates the outer layers of an egg 
during fertilisation, forms rapidly, 
growing up to 90 um in only 10s; and 
it consists essentially of a beatifully 
ordered cable of actin filaments. Two 
mechanisms for the acrosomal reaction 
have been demonstrated. In echi- 
noderm sperm the process develops by 
the organisation of actin into the 
filamentous form from an amorphous 
state. In the horseshoe crab Limulus, 
the cable is preformed but coiled in 
the head of the sperm. The process is 
extended by a rearrangement of the 
filaments in the cable, which emerges 
from the tip of the sperm. 

Cables of filaments are clearly an 
important form of actin in non-muscle 
cells. A recent paper by DeRosier et 
al. (J. molec. Biol. 113, 679; 1977) is 
therefore significant since it provides 
the first detailed insight into the mole- 
cular structure of cables from two 
different sources: the acrosomal pro- 
cess of horseshoe crab sperm, and 
extracts from sea urchin oocytes. Fila- 
ments lie parallel to each other, closely 
packed in a hexagonal array, and in 
both cases occur in association with 
another protein of molecular weight 
55.000 (not tubulin) which crosslinks 
adjacent filaments. The cables are 
extremely regularly organised, appear- 
ing like the filtered images of actin 
paracrystals, and are thus well suited 
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METEOR streams are elliptical rings 
of dust containing a myriad of par- 
ticles all moving with orbits very 
similar to that of the comet which 
ejected them as it decayed. The 
stream particles move through the 
general Solar System dust cloud 
which is made up of particles with 
random orbits. Cloud particles were 
once in streams but they have been 
perturbed from their specific orbits 
by interparticle collisions, close 
approaches to planets and radiation 
effects. 

The Earth passes through many of 
these streams each year at relative 
velocities of between 11 and 74km 
s~. Stream particles which hit the 
atmosphere burn up, forming visual 
meteor trains (shooting stars) if they 
are 0.1 g or more in mass, or radio 
meteor trains (detectable as reflectors 
of radar pulses) if they have masses 
greater than 107g. Smaller stream 
particles are more difficult to 
observe. Some space-vehicle experi- 
ments have reported large increases 
in microparticle fluxes associated with 
streams. However, extrapolations of 
radio meteoroid fluxes to smaller 
masses indicate that streams contain 
very few of these particles. It has 
been suggested that the satellite 
borne detectors are registering micro- 
metre-sized lunar ejecta produced by 
the impact of larger stream 
meteoroids. 

Over the past few years a new 
method of observing meteor streams 
has been suggested which relies on 
detecting the solar radiation reflected 
by the orbiting stream dust particles. 
These should scatter radiation in a 
similar way to the particles in the 
Solar System dust cloud. The scat- 
tering from this cloud produces the 
zodiacal light and the streams should 
produce localised enhancements in 
this light. The problem can be ap- 
proached in two ways. A. C. Levas- 
seur-Regourd and J. E. Blamont 
(Space Res. 18, 295; 1975) measured 
the zodiacal light brightness using 
the French satellite D2A. They 
found localised enhancements of 
brightness at specific points in the 
Earth’s orbit. They concluded that 
these variations were caused by a 



































































to analysis by optical diffraction and 
three-dimensional reconstruction. 
Since the filaments lie in a hexagonal 
lattice, exactly equivalent bonds could 
be made between each filament and its 
neighbours if actin subunits were. to 
occur at azimuthal intervals of 60°. 
Although the non-integral helical sym- 
metry of the actin filaments does not 
satisfy this condition, the symmetry is 
such that actin subunits present many 
different azimuths during one axial 





New look at 
meteor streams? 


from David W. Hughes 





local excess of scatters produced by 
the Earth’s passage through a meteor 
stream. The photometer can point in 
nine directions which are all in a 
plane perpendicular to the Earth- 
Sun line. The field of view is about 
3° x 3°. Sometimes the enhancement 
only occurred in one direction, at 
others in two diametrically opposite 
directions and in certain cases the 
enhancement could be detected all 
around the satellite. From year to 
year enhancements were found at the 
same time and in the same directions. 
The brightness usually increases by 
about 25% (that is, by between 10 
and 50S (V) units on a signal of 
140 Sw(V) this lasting for between 1 
and 17 days). (A brightness of 1 Sio(V) 
unit is equivalent to the brightness 
produced by having one star of visual 
magnitude +10.0 per square degree 
of the field of view or an energy flux 
of 1.31x10 erg cm~?s” star™* A~). 
The authors conclude that the aver- 
age size of the inhomogeneity in the 
plane of view is about 0.15 AU. By 
assuming that the particles in the 
meteor stream have the same size and 
reflecting properties as sporadic 
zodiacal cloud particles and by 
measuring the spatial extent of the 
stream of scatters Levasseur-Regourd 
and R. Dumont (COSPAR, XX 
Plenary meeting, Tel Aviv, paper 
ITI C.3.2.) could estimate the ratio 
of the particle number density in 
streams to that outside. This ratio 
was found to be as high as 18. 

W. J. Baggaley of the University 
of Canterbury, New Zealand, ap- 
proaches the problem from another 
direction. He uses the known proper- 
ties of the particles in meteor streams 
and considers how effectively they 
will produce zodiacal light enhance- 
ments. His theoretical calculations 
are given in a recent edition of The 
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repeat of the structure. By building 
models of filaments with the sym- 
metries established by optical diffrac- 
tion, DeRosier et al. have shown that 
the departure from 60° is small at 
certain points along the filament. Plac- 
ing these filaments on a hexagonal lat- 
tice in the arrangement deduced from 
the diffraction patterns, they conclude 
that bonds between filaments can be 
made at these points if distortions are 
allowed. The distortions required are 
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Observatory (91, 123; 1977). Meteor 
stream dust is optically thin, the par- 
ticle number density being so low 
that mutual eclipsing is rare. During 
an Earth-stream interception (which 
occurs every time we have a meteor 
shower) an observer looking in the 
direction of the true geocentric 
shower radiant will be observing tan- 
gentially to the stream orbit and his 
line of sight will intersect a large 
volume of dust particles. The num- 
bers of micrometre-sized particles 
present have been estimated by 
extrapolating from particle size dis- 
tribution measurements made using 
radar techniques. Using experiment- 
ally determined phase functions and 
an albedo of 0.1 Baggaley integrates 
along the tangent and calculates the 
brightness that should be observed in 
the geocentric radiant direction. For 
the Quadrantid, Perseid and Geminid 
streams these brightnesses are 0.57, 
3,44 and 1.09 Sw(V) units respectively. 
The total sky brightnesses in these 
directions, caused by zodiacal light, 
integrated starlight and atmospheric 
airglow are 178, 222 and 229 Su(V) 
units. So the streams theoretically 
produce an increase of at most 1.5%. 
The bright patches of light should be 
elliptical in shape because meteor 
streams are more dispersed in the 
plane of the orbit than normal to 
this plane (by a factor of about 10). 
The Quadrantids, Perseids and 
Geminids would produce bright 
patches of maximum angular extent 
around 10, 10 and 5 degrees 
respectively. 
Bagealey concludes that the major 
annual meteor streams would not 
produce any observable radiant glow, 
assuming of course that the extra- 
polation of flux versus size data is 
applicable and that the measured 
spatial particle-number density (about 
107" em™°) is correct. The fact that 
Levasseur-Regourd and Blamont do 
see streams in the zodiacal light in- 
dicates that the radio meteor flux 
and size distribution data must be 
re-examined. Either that or the col- 
lisional fragmentation which perturbs 
stream particles into the sporadic 
background changes their reflecting 
properties. 


small—of the same order as those dis- 
cussed by Caspar and Klug for quasi- 
equivalent bonding between the sub- 
units of spherical viruses (Cold Spring 
Harbor Symp. quant. Biol. 27, 1; 1962). 
As pointed out by these authors, such 
an ordered structure need not have all 
identical molecules in exactly identical 
environments. ‘The important point is 
that the lowest energy structure will 
have the maximum number of most 
stable bonds formed—and this may be 
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physically realised . . . by quasi-equi- 
valent bonding of identical units.’ 

Support for the quasi-equivalent 
bonding scheme comes from the oocyte 
cables. Optical diffraction shows that 
the filaments repeat after 19 turns of 
the actin helix containing 41 subunits. 
The model predicts that 9 of the 41 
subunits are appropriately oriented for 
quasi-equivalent bonding, and the 
cables reveal nine transverse stripes at 
the predicted axial positions in each 
repeat. These are thought to be due to 
the 55,000 molecular weight protein 
attaching to and crosslinking actin 
subunits of adjacent filaments at these 
points. 

In the case of the acrosomal process 
no transverse stripes are seen. But here 
every actin is associated with the 
55,000 component, not just those in- 
volved in crosslinking, so that all mor- 
phological subunits look alike. A bond- 
ing scheme analogous to that in the 
oocyte bundles has been proposed, with 
only those 55,000 components attached 
to appropriately oriented actins actu- 
ally participating in crosslinking. The 
model seems plausible since the bond 
distortions in this case are less than 
those required in the oocyte bundles. 
DeRosier et al. have carried out a 
three-dimensional reconstruction of 
the acrosomal bundle. This reveals 
that the 55,000 molecular weight pro- 
tein is bound to the actin subunit near 
the myosin binding site. While this 
may not be significant in a cell thought 
not to have myosin, it could prove 
relevant in other systems in controlling 
the interaction of actin cables with 
myosin. 

This is the first time that actin fila- 
ment cables from cells have been sub- 
jected to such analysis. The results, 
showing how the 55,000 molecular 
weight protein binds the filaments into 
an organised cluster, may be applicable 
to bundles from other sources—but 
with caution, since different or addi- 
tional controls may prevail elsewhere. 


Free calcium 
measurement in cells 


from T. J. Lea 


An EMBO Workshop on Ca 
Measurement in Cells was held in 


Oxford on 8-10 July, 1977. 





Ir was in 1928 that H. Pollack 
reported that a saturated solution of 
alizarin sulphonate when injected into 
„amoebae produced a shower of red 
“rystals (Ca alizarinate) in the cyto- 


plasm on the initiation of pseudopod 
formation. This pioneering attempt to 
examine cellular changes in free Ca 
was mentioned at the workshop during 
discussions of more modern methods. 
In a three-cornered fight between the 
users of photoproteins (such as 
aequorin), metallo-chromic indicators 
(such as arsenazo II) and Ca-sensitive 
microelectrodes, limitations of these 
more recently developed methods were 
critically examined and it became 
apparent that no single technique 
satisfied all the requirements of a good 
indicator of free Ca in cells. 

On the evidence of results achieved, 
aequorin has until now led the field. 
Among recent advances obtained with 
this photoprotein was the demonstra- 
tion by C. C. Ashley (University of 
Oxford) and colleagues of a trans- 
mitter-like action of -glutamic acid 
on barnacle muscle fibres, and Ca- 
transients in cardiac muscle (D. G. 
Allen, University College London). 
The related indicator obelin has been 
used in sarcoplasmic reticulum vesicle 
by D. W. Yates (University of Bristol) 
and A. K. Campbell (Welsh National 
School of Medicine, Cardiff) in an 
attempt to measure Ca uptake by the 
vesicles. This method does suffer from 
the disadvantage of a fairly rapid 
consumption of the photoprotein by Ca 


entering the vesicles. An undoubted 
highlight of the meeting was the 
presentation by L. Jaffe (Purdue 
University, Indiana) on aequorin- 


injected eggs of the medaka, a fresh- 
water fish. Jaffe and his colleagues 
succeeded in showing that immediately 
following fertilisation, a Ca-wave 
crosses a single egg (1 mm diameter) 
from the point of entry of the sperm 
and reaches the opposite side within 
two minutes. He concluded that 
because the wave is unaffected by 
Ca-free media, its mechanism involves 
a calcium-induced Ca release from 
some internal sites, and this idea was 
certainly of interest to muscle physio- 
logists present in the audience. 

The problem of quantifying the Ca 
measuring methods especially in rela- 
tion to resting free Ca in cells was an 
important theme throughout the 
meeting. Allen produced evidence of 
a Ca-independent light emission from 
aequorin in vitro which he claimed 
gave a theoretical detection limit for 
free Ca in cells of 6X10°°M with a 
practical limit of 3x107 M. Since 
A. Scarpa (University of Pennsylvania) 
and P. F. Baker (King’s College, 
London) estimated the free Ca in 
squid axons using aequorin to be 
2x10°M and 6x10°-15x10°M 
respectively, this particular claim 
aroused some objections. However, in 





T. J. Lea is MRC research assistant, 
University Laboratory of Physiology, 
Oxford. 





Nature Vol. 269 8 September 1977 


general, new data given by Allen and 
Ashley on the shape of the aequorin— 
Ca calibration curve and its dependence 
on cytoplasmic ions, such as Na’, K*, 
H? and Mg”, should improve the 
accuracy of free Ca determinations 
made with this photoprotein. 

In the opinion of IL Parker (Univer- 
sity College, London), the absorbance 
indicator arsenazo II is superior to 
aequorin for measuring rapid transient 
changes in free Ca, such as those in 
the sarcoplasm and nerve endplate of 
a frog muscle fibre during a single 
twitch. The response time is faster, 
although how much faster seemed to 
be disputed, and the free Ca is linearly 
related to the absorbance change. For 
longer term events such as muscle 
tetani, he felt arsenazo to be inferior 
because of large movement artefacts, 
drift in the optical record and un- 
explained ‘tail effects’ at the end of the 
event. L. H. Pinto (Purdue) reported 
the successful use of purified arsenazo 
in Limulus photoreceptors, but found 
that concentrations of the dye greater 
than 3mM in the cell caused changes 
in the membrane response to light 
pulses, which could be explained by 
arsenazo buffering of cell Ca. The 
strong dependence of the arsenazo 
absorbance on Mg** and H* was also 
emphasised by several speakers. The 
limit of Ca detection by arsenazo was 
put at ~10°M by J. D. Owen 
(University of Utah, Salt Lake City), 

Of the three methods, the Ca- 
selective microelectrode has achieved 
least in the field so far, but it has 
much to offer, particularly in the 
measurement of free Ca in small cells. 
The use of new compounds embedded 
in PVC membranes gives the electrodes 
a linear response down to 10°°M free 
Ca, while as low as 10°°M can be 
detected (Owen). In fact R. Meech 
(University of Cambridge) reported a 
value for the free Ca in snail neurones 
very similar to that of Owen’s (~ 
10°°M_ corrected for Mg**) without 
the help of a Ca microelectrode, using 
instead the reversal potential of the 
Ca-dependent K current. Attempts to 
measure Ca changes during a single 
action potential have not so far been 
successful (G. Christoffersen, Copen- 


hagen) partly because of the slow 
response time of these electrođes 
(i-2 s). E 


Correction 


In the article ‘Meteorite research 
old and new’ (News and Views 268, 


691; 1977) column 3, paragraph 2, 


6 lines from end should read: 
“Serra de Magé minerals probably 
did not become closed systems until 
4.42 Gyr ago,” not “4.52 Gyr ago.” 
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The mean lifetime of orthopositronium in vacuum 


T. C. Griffith & G. R. Heyland* 








Various measurements and calculations of the vacuum lifetime of ortho-positronium have given widely - 
divergent values. There are indications that these differences are now gradually being resolved. 








POSITRONIUM, the hydrogen-like atom formed when an electron 
and a positron are bound with a ground state binding energy 
of 6.8 eV, has lately become the subject of intensive study in 
several laboratories. It is readily formed when positrons emitted 
from a radioactive source are moderated to energies comparable 
with those of the valence electrons in atomic and molecular 
gases or in solid surfaces especially those of certain oxide 
powder grains such as MgO or SiO,. The positronium atoms 
exist as either para-positronium, p-Ps, the singlet state with 
total spin zero or ortho-positronium, o-Ps, the triplet state with 
unit spin. Since the positron is the antiparticle of the electron 
positronium has no permanent existence; the two particles 
eventually annihilate one another and the probability of annihi- 
lation from the bound states can be evaluated. It is found that 
p-Ps is very short lived with a mean lifetime for decay of its 
ground state into twocollinear y rays, each of energy 0.511 MeV, 
of only 0.125 ns. Its short lifetime renders it more difficult to 
observe directly than o-Ps whose ground state, to conserve spin, 
has to decay into three coplanar y rays of total energy 
1.022 MeV with a mean lifetime of about 140 ns. Apart from the 
vacuum lifetime several other properties of positronium have 
been extensively investigated. After several attempts, spanning 
a period of about twenty years, the characteristic Lyman-a 
radiation from the 2P-1S transition in o-Ps was eventually 
detected by Canter et alt. There has also been a number of 
observations on the fine structure (or hyperfine structure) 
splitting of the ground state of positronium. 


Theoretical background 


Theoretical and experimentally-determined values of the mean 
lifetime for the decay of o-Ps in free space, which is the main 
subject of this article, have recently undergone considerable 
variation. Evaluation of this parameter involves the basic 
principles of quantum electrodynamics, because to high order 
the constituent particles interact only through the electro- 
magnetic interaction. [ts evaluation and measurement provide 
a clean test of quantum electrodynamics. A full formulation of 
the problem was presented by Stroscio and Holt? and by 
Stroscio® and an expression was given for this mean lifetime, 
which includes the radiative corrections corresponding to all 
order terms in the fine structure constant ay, in the form 


ohp = oh ODL + (as/m) (1.86 +0.45)] a) 


where ,Ap(0) is the lowest order rate given as 


2na 2m .c* 2(n?—9) 


ae rn On 





(2) 
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and ¿Àp the decay constant, is the reciprocal of the o-Ps mean 
lifetime. me is the electronic mass, ¢ the velocity of light and h is 
Planck’s constant. 

Before these calculations only the lowest order rate had been 
evaluated and the initial value of 7.14 us~? given by Ore and 
Powell* was used until the improved accuracy of a, resulted in 
its upgrading to 7.2112 us~ about ten years ago. The all order 
calculation, Stroscio*, gave „Àp = (7.242 +.0.008) us~? which 
remained as the best theoretical value until the recent calcula- 
tions of Caswell ef al.* who reported a much lower value of 
oAp, their expression being 


Ap = AOL —(ay/m) (10.348 +0.070)] 
= (7.0379 +0.0012) us~?! (3) 


The historical sequence of events relating the above 
calculations to progress with the laboratory measurements, 
given in Table 1, has been an interesting demonstration of the 
importance of cross-checking and verification of results by 
independent research groups. 


Measurement techniques-gas method 

None of the measurements of „Àp carried out before those of 
Beers and Hughes*:? and of Coleman and Griffith® were 
sufficiently precise to warrant higher order calculations but the 
improvement of experimental techniques since that time has 
been such that measurements to an accuracy approaching 
0.01% can now be contemplated. The measurements of „Ap 
performed before 1976 were taken using methods based on-a 


linear extrapolation of the o-Ps decay rates, àp, in a given gas. . | 


at different densities, to zero density according to the 
relationship 


Ap = ohpt QP (4) 


where p is the gas density in amagats (1 amagat = 2.69 x 10" 
molecules cm~*) and q the quenching coefficient which defines 


Ee nc anean 


Table 1 Values for the decay rate of positronium 





Year Value of ,A, (us?) Comment 


1949 7.144 
~ 1970 7.2112 


Lowest order calculation* 

Upgrading of the lowest order caleu- 
lation to allow for improved values 
of ay 

Measurement of Beers and Hughes“? 
Measurement of Coleman and 
Griffith® 

All order calculation of Stroscio® 


1968 7.275 40.015 
1973 7.262 +.0.015 


1974 7.242 +.0.008 


1976a = 7.104 + 0.006 Precision measurement of Gidley 
et al? 

1976b 7.09 40.02 New measurement of Gidley et al 

1977a 7.0379 +.0.0012 All order calculation of Caswell et al® 

1977b 7.058 4-0.015 Measurement of Griffith ef al un- 
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Fig. 1 Positron lifetime apparatus of Coleman er al.® with 

block diagram of the electronics. (ZCD, zero crossing dis- 

criminator; TAC, time-amplitude-converter; MCA, multi- 

channel analyser. N, and N, are the ‘start’ and ‘stop’ counting 
rates). 





the increase of the decay rates, i,, due to collisions between 
the o-Ps atoms and gaseous molecules. The constancy of q has 
been established for many gases so that a linear extrapolation 
of equation (4) at low densities is justified. 

The main features of the gas extrapolation methods are 
explained by reference to Fig. 1, where a schematic diagram of 
the lifetime apparatus of Coleman et al.® is given. Positrons 
from a *#Na source were moderated in the gas contained in a 
small copper vessel internally gold plated to enhance back- 
scattering of positrons into the gas. The time interval between 
the emission of a positron and its subsequent annihilation is 
measured for a large number of events to give the positron 
lifetime spectrum. The 1.28 MeV y ray emitted simultaneously 
with the positron is detected with one plastic scintillation 
counter and provides the start pulse for a timing sequence which 
is terminated by a pulse from the second counter which detects 
one of the annihilation y rays. The lifetime spectrum of about 
10° events accumulated in 24 hours will generally have 
components corresponding to the annihilation of free positrons 
and p-Ps as well as the decay of o-Ps. The experimental condi- 
tions for the determination of à, are arranged so that the 
component due to o-Ps is dominant with all the other com- 
ponents compressed into a narrow prompt peak near t = 0. 
This is achieved by choosing a gas, or mixture of gases, for the 
experiment to satisfy the following criteria: (1) high probability 
for formation of positronium (2) rapid thermalisation of those 
positrons which have not formed positronium (3) fast decay rate 
for the thermalised free positrons (4) small value of q (5) large 
molecular weight to ensure high stopping power. A mixture of 
ammonia-Freon 12-helium in the proportion 42%, 42° and 
16%, respectively, used by Griffith et al. (unpublished) with the 
above apparatus, satisfied most of these requirements and it was 

„found that 50% of the positrons in the gas formed o-Ps. Even 
\t the lowest densities the free positrons decay so rapidly that 
ẹ lifetime spectrum, as shown in Fig. 2, consists of a narrow 
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prompt peak followed by a single exponential due to o-Ps 
decay. 4, is derived from a distribution D(f) expressed, to a 
good approximation, as 


D(t) dt = [A exp(—A,t)+ B]dt (5) 


where D(r).dr is the observed number of events in the time 
interval between ft and t-+-dt and both A and B are constants. 
In situations where this approximation is not valid Coleman 
et al? have given an exact formulation of the problem. 
Accurate background subtraction is very important especially 
for data at low densities where the signal to background, defined 
at A/B at t = 0, is low and typically varied from 31 at high 
density to 7 at low density in the experiment of Griffith et al. 
(unpublished). 

The earlier measurements of Beers and Hughes? were taken 
with a similar type of apparatus to that described above. They 
used Freon-12 alone and also a mixture of Freon-12 and argon 
but points below 1 amagat were not consistent with a linear 
plot. This non-linearity was attributed to o-Ps quenching at the 
vessel walls. Coleman and Griffith’ also used Freon-12 in a 
similar type of experiment but did not experience any difficulties 
at their low density points. Their ratio of A/B varied from 5 to 
2 and the method of background subtraction, although more 
detailed than for earlier experiments, was not as accurate as 
that of Griffith et al. (unpublished). The use of the method of 
‘direct detection’, described by Coleman et al.!*, to give high 
counting rates was a new feature in the system of Coleman and 
Griffith’. Instead of using the prompt 1.28 MeV y ray to 
produce the start pulse for the timing sequence they detected the 
fast positrons from the Na source in a thin plastic scintillator 
(of thickness 0.015 cm) as they entered the gas in the chamber. 
This method gave a value of „àp which was in agreement with 
that of Beers and Hughes*’ and also with the calculations of 
Stroscio and Holt?. 


Other methods 


The method of Gidley et al.?, illustrated in Fig. 3 was also based 
on the principle of ‘direct detection’, Instead of producing the 
o-Ps by moderation of fast positrons in a gas they used very fine 
grains of SiO, powder as moderator. A high yield of posi- 


Fig. 2 Typical lifetime spectrum for an ammonia—freon—helium 

mixture at a density of 0.79 amagat units. Curve (a) represents 

the raw data and curve (b) the o-Ps component after background 

subtraction. For clarity only alternate data points have been 

plotted. A/B = 9. Ap = 7.396+0.007 us“. Total number of 
o-Ps events = 6 x 108 
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tronium from positrons moderated in the oxide powders MgO, 
SiO, and Al,O, was first reported by Paulin and Ambrosinio™ 
when they measured a decay constant of value close to ,A, for 
such powders in vacuum. This observation suggested that there 
was very little quenching of the o-Ps trapped in the interstices 
between the powder grains. Gidley et al? used grains of uniform 
size and assumed that the quenching was proportional to the 
collision rate of the o-Ps atoms with the grains. A parameter 
analagous to density in the gas experiments was defined as 
p,{p/ps—p] and represented the mass per unit free volume 
of the powder. Accordingly 1, was plotted as a function of 
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Fig. 3 Schematic diagrams of the positron ‘direct detection” 
system of Gidley et al? for the SiO, powder lifetime experiment. 





p/(ps~ p) where p, is the solid aggregate density of 2.20 g cm~? 
and p the powder density which was varied by compression 
over a range from 0.03 to 0.26 g cm~*. Their results (see Fig. 4), 
show straight lines for two different grain sizes extrapolating 
to the same zero density value of „à, = 7.104-+-0.006 us~! 
which was substantially lower than all the earlier measurements 
and theoretical predictions. The timing sequence in this experi- 
ment was similar to that used in the gas experiments. Their 
efficient detection of all the positrons entering the powder 
through a 0.5-mm-thick plastic scintillator from a "Ge source 
ensured values of A/B ranging from 300 to 2,000 depending on 
the method adopted for producing the stop pulse from the 
annihilation y rays. Analysis of the data using equation (5) was 
therefore accomplished to a high degree of accuracy. In common 
with the experiments at other laboratories precise methods were 
used for the time calibration of the system and a variety of 
tests were devised to ensure that their data was not affected by 
systematic errors. 

The large discrepancy with previous measurements and 
theoretical calculations revealed by the above experiment 
prompted Gidley et a/.’ to design an experiment for the direct 
measurement of „Àp in vacuum. The apparatus for this new 
experiment is illustrated in Fig. 5 and the method is based on 
the production of positronium from a beam of low-energy 
positrons as was done by Canter et al. in their experiment to 
detect the positronium Lyman-a radiation. About 500 slow 
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Fig. 4 O-Ps decay rates in SiO, powder, by Gidley et al®, as a 

function of the parameter p* = p/(p,—p) defined in the text. 

Curves are given for two different grain size. All samples were 
evacuated to 10~* torr. and outgassed at 350 °C for 4h. 


positrons per second, from a 46 mCi 5°Co source followed by a 
gold-MgO moderator, were accelerated to 400 eV and trans- 
ported down a 1 m flight path and focused through a 6-mm 
diameter aperture on to the MgO-coated cone of a channeltron 
electron multiplier. Positronium is formed on the cone with 
15°% efficiency and allowed to diffuse back into the evacuated 
copper can whose inside walls were also coated with a thin 
layer of MgO to reduce quenching and confine the positronium 
to a region for which the efficiency of detection of the annihila- 
tion y rays is approximately uniform. The detectors were 
shielded from y rays directly from the source. Backscattered 
positrons from the cone were stopped from entering the can by 
biasing the cone to —400 V and the can to —50 V. The stop 
pulse of the timing sequence was generated from the annihila- 
tion y rays in the same way as for the earlier experiment? but 
the start pulse was derived from the secondary. electrons 
emitted simultaneously with the positronium from the channel- 
tron cone. The lifetime spectrum was again represented by 
equation (5) with à, now replaced by àp measured directly and, 
depending on the method used to derive the stop pulse, the 
A/B ratio ranged from 1,500 to 9,000. Their data, of the same 
form as illustrated in Fig. 2, gave a mean value of àp = 7.09+ 
0.02 us~ which was in good agreement with their previous 
measurement’. 


The meaning of recent results 
The recent calculated value of ,A, = 7.0379 40.0012 us ™ by 
Caswell et al.’ strongly suggested that the measurements of 


Fig. 5 Apparatus used by Gidley er al. for the direct deter- 
mination of ,A, for o-Ps in vacuum. 
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Fig. 6 The o-Ps decay rate 4, as a function of gas density, p, 

for an ammonia~freon—helium mixture measured by Griffith ef al. 

(unpublished). The errors are smaller than the circles enclosing 

the points. The numbers in parentheses represent the ratio 
A/B at those densities. 


Gidley et al.*4° could be closer to the true value than those 
obtained in the earlier experiments. This view is now reinforced 
by the new low value obtained in the improved gas extrapolation 
method of Griffith et al. (unpublished), Their values of Àp, 
shown in Fig, 6, carry very small statistical errors and lie on a 
good straight line extrapolating to 7.058 +0.15 ps, a value 
which is smaller than all the previous measurements. The gold 
plating on the inner walls of their vessel, by increasing the 
number of o-Ps events, has improved the A/B ratios by a factor 
of 5 in comparison with those of Coleman and Griffith’. It is 
probable that the very low values of A/B in the latter experi- 
ment" contributed a systematic error which gave a high value 
of ,A, and a similar argument may apply to the measurement 
of Beers and Hughes‘, 

The new value of 7.058 -+-0.015 us~! is currently being sub- 
jected to a series of tests to establish that the measurement is 
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free of systematic errors. At present there is no evidence for 
nonlinear behaviour even at densities as low as 0,05 amagat 
units. This implies a negligible amount of quenching of the o-Ps 
on the gold surface. There is some uncertainty about the 
assignment of gas density from the pressure and temperature of 
mixtures of molecular gases because the virial coefficients are 
not accurately known, but at low density this should not be a 
serious error. Corrections for the mass per unit free volume 
have not been applied in the gas experiments because the 
appropriate value of p, is not known. There is no evidence of 
deviation from a straight line at high densities which would be 
expected if this correction was significant. 

All recent measurements of ,A, lie within the range 7.05 to 
7.11 us! and the true value is probably within these limits or 
lower. In common with the new gas extrapolation method the 
experiments of Gidley ef al. may also be subject to error. 
In their first experiment® the determination of the powder 
density is subject to some uncertainty and the way in which 
the powder packs under compression has not been investigated. 
Some error might also be expected in their second experiment!® 
due to uncertainty about the quenching of o-Ps at the surface 
of the can. 

Gidley et al. have recently reported that they are also 
performing a gas extrapolation experiment and their preliminary 
values of „Àp are reported to be in agreement with their earlier 
values. It is clear that very accurate values of ,4, will soon be 
available from more than one laboratory and that the recent 
theoretical calculations of Caswell et al. will be closely tested. 
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Precise positions, determined with data from the SAS-3 X-ray 


observatory, are presented for eight galactic plane X-ray 
sources (Aql X-i, Ser X-1, 3U1956+11, 3UI1822—00, 
3UIGIS—O5, A1845 —02, AI850—08, A1905 +00). Error 
radii for the positions range from 20 to 50 arc s. Previously 
proposed optical identifications of three of the sources (Ser X- 
1,3U19356 +11, A1850 —08) are supported by these results. 
Three {Ser X-1, A1905 4-00, 3U1915 —05) have been identi- 
das X-ray burst sources. 


THE rotating modulation collimator (R MC) system on the SAS-3 


X-ray observatory has been used to carry out a systematic survey 
of the galactic plane ({b"| < 10 °)'. The aim of the survey is to 
identify galactic X-ray sources by the precise measurement of their 
positions {error radii < 60”). A few preliminary results based on 
small amounts of quick-look data have been previously reported!. 
The availability of production data and a more complete calib- 
ration of the instrument now allows a more thorough, sensitive, 
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Fig. I a, Sco X-I calibration of 2.3’ 
collimator. Each dot represents the 
position determined for Sco X-I from 
one orbit of data. The circle is centred 
at the average position and has a 
radius equal to the r.m.s. scatter of the 
points (7^). + indicates the position of 
the optical counterpart. b, Calibration 
residuals for the 2.3’ collimator. The 
data for each calibration observation 
has been analysed and plotted as in a. 
The circles representing the r.m-s. 
scatter of points-about the average 
positions have been overlayed with 
the true position used as a registration 
point. The r.m.s. scatter of the average 
positions from the true position is 12”. 
The 20” dashed circle represents the 
error radius for a source position 
limited only by systematic errors. 


-15° 31 


20" 


and more accurate survey than previously possible. We discuss 
here the instrument calibrations and present results of the analysis 
for the region 20° < /' < 55°. This region has been previously 
surveyed with the UHURU (ref. 2) and Ariel V (ref. 3) satellites. 

The SAS-3 RMC system consists of two independent modu- 
lation collimators*:>. One has a periodic triangular response 
function with a FWHM of 2.3’, the other, 4.5’. Both modulation 
collimators have 12 ° x 12 ° FWHM coarse collimators to limit the 
field of view. Proportional counters sensitive in the range 2-11 keV 
are used as X-ray detectors. The centre of the overall field of view is 
aligned with the spacecraft spin axis. RMC survey data are taken 
with the satellite rotating uniformly about its axis at ~ 1-2 
revolutions per 95-min orbit. Star trackers provide data from 
which the motion of the spacecraft relative to the celestial sphere 
can be reconstructed to an accuracy of 5-10”. 


Accuracy of position determinations 


The calibration of the RMC system was determined from obser- 
vations of several bright, optically identified X-ray sources; in 
particular Sco X-1, Cyg X-1, and Cyg X-2. These observations 
have been made periodically throughout the lifetime of the satellite 
and are designed to cover the range of parameters normally 
encountered (spin rate and direction, temperature, and location of 
source in field of view). These data have also been used to 
investigate the short and long term stability of the star 
tracker—collimator system. 

Two orientation angles and the collimator periodicity define 
completely the transmission response of a modulation collimator 
over its entire field of view. The two angles required are the 
rotational orientation of the collimator about the spacecraft spin 
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Sco X-1 Calibration residuals 
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axis and the phase of the spin axis perpendicular to the periodic 

transmission bands. If the true celestial position of the source in the 

field of view is known, than a set of linearised least square fits to the 

data can be used to determine these angles. The data from two 

observations of Sco X-1 (19-20 May 1975a d9-10July 1975) were 

used in this way. Each satellite orbit of data was independeny. 
analysed and fit to determine the three parameters. The average 

value of each parameter for each collimator was then fixed for use 

in the subsequent analyses. 

X-ray source positions are obtained from a computation of the 
cross-correlation between the data and the expected response fora 
two-dimensional grid of sky points®. A grid separation of ~ 1’ is 
used tocompute a ‘map’ of the central region (15° x 15°) of the field 
of view. Precise positions are obtained from a high resolution map 
(~ l” grid) in the local region of a source. Subtraction of the Bessel 
function patterns of the bright sources often reveals fainter 
sources, not noticeable in the original map‘. 

The two Sco X-1 observations were used to test the mapping 
algorithm and the reproducibility of the position determination on 
ashort(~ 1 d) time scale. Sco X-1 is sufficiently bright so that the 
effect of counting statistics on the measured position is negligible 
(< 1") for a one-orbit exposure. The correlation map technique 
was applied independently to each orbit of data. The r.m.s. scatter 
of positions relative to the average position was 7” for one Sco X-1 
observation (Fig. la) and 9” for the other. We believe that this 
scatter of the positions is due to small random errors in the star 
tracker attitude solution since the orbit-to-orbit variations for the 
two collimators are highly correlated. The offset (S”) between the 
average position and the optical counterpart reveals a systematic 
error. 
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Fig.2 Line drawings of regions con- 
taining X-ray sources reported in this 
paper. U, UHURU error boxes?; A, 
Ariel V error boxes?; S, SAS-3 error 
circles. In cases where two SAS-3error 
circles are shown, the larger is the 
previously reported quick-look result. 
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Table | Celestial positions 
ne ere ene TO s 
SAS-3 Other Position x r radius density* 
designation designations (1950) 6 pt (90%) (2-11 keV) Comments 
28 1822 — 000 3U1822 —00 18h 22min 48.5s —00°02'24” 29.97 20" 30 yy 
A1822 +00 275.70215 ~ 0.0400° 5.87 
251837 +049 Ser X — I 18 37 29.8 04 59 23 36.1 20 250 Optical candidate" 
3U 1837 +04 279.3742 4.9897 4.8 Burst source MXB1837 +05 
(refs 10-12) 
281845 — 024 A1845 —02 18 45 41.1 —02 28 37 30.4 35 lI 
281.4213 — 2.4769 —0.4 
281850 -087 A1850 — 08 18 50 21.6 —08 45 36 25.4 50 5 Globular cluster NGC6712 
282.5900 — 8.7600 —4.3 
281905 -+000 A1905 + 00 19 05 54.9 00 05 37 35.0 35 10 Burst source MXB1906 +00 
286.4788 0.0936 —3.7 (refs 11, 18) 
281908 +005 Agi X—-] 19 08 43.6 00 30 05 35.7 20 45 
3U 1908 +00 287.1817 0.5014 —4.1 
251916 —053 3U1915 —05 19 16 08.5 —05 19 5I 31.4 35 20 Burst source?°-?+ 
A1916 —05 289.0354 — 5.3308 -8.5 
251957 +115 3U1956+11 19 57 02.9 1] 34 14 $1.3 20 24 Optical candidate?! 
A1956+11 299.2621 11.5706 —9.3 








*Averaged over the observation and accurate to ~ 10%. We quote the flux density at 5.2 keV of an incident power-law energy spectrum with slope 


aļi.08 (for example, the Crab nebula??). 
gs l=2.7 ply. 


The systematic errors were further evaluated with a comparison 
of the average positions determined for Cyg X-1 and Cyg X-2 and 
the true positions (Fig. 1b). We find an r.m.s. scatter of 12” in the 
difference between true and measured positions for both col- 
limators. This is larger than can be accounted for either by 
counting statistics or the random attitude solution error. The 
errors are not consistent with a correlation between the calibration 
parameters and temperature, satellite age, or spin rate. There is no 
set of values for the calibration parameters which will reduce this 
scatter. Therefore, we adopt the calibration parameters de- 
termined from the Sco X-1 data for the analysis of the survey data. 

The error radii for X-ray source locations are determined from 
an evaluation of four sources of error: counting statistics, random 
aspect errors, systematic errors, and errors resulting from the 
subtraction of bright sources. Each of these errors is modelled as a 
Rayleigh distribution (two-dimensional Gaussian). The contri- 
bution due to counting statistics is 6; = 1.76 Ny!/2Ng~!, where 5 
is the FWHM of the collimator (2.3' or 4.5’), Nz is the total number 
of counts recorded, and Ns is the number of X rays detected from 
the source. The factor 1.7 is calculated from the specifics of the 
cross-correlation computation and has been verified empirically. 
The contribution due to systematic errors is 6) = 12”/2)/2 =8.5” 
(fora Rayleigh distribution, o = 0,,,, 27 '/?). The random aspect 
errorisé3; = 10°(2n)~!/?, where isthe number of orbits of datain 
the observation. Since n is generally greater than 10, this term is 
usually negligible. The error resulting from the subtraction of a 
bright source iso, = 0.6 ô/f, where fis the ratio of the intensity of 
the faint source to the intensity in the same region of the residual 
ripples from the bright source after subtraction. This ratio must be 
evaluated for each source; in most cases f > 30 and g, < 5”. 

The 90% confidence error radius for the combined error is then 
E, = 215 (0,7 +0)? +657 +0,7)!. This radius ranges from 
~ 60” for a source near the detection threshold to ~ 20” for a 
source limited only by systematic errors. A source position and its 
associated error are calculated for eachcollimator from all the data 
taken with the satellite spin axis at one location relative to the 
source. 

We usually obtain several pairs of independent position de- 
terminations by observing each source from a number of different 
spinaxis locations. The quoted position isthe weighted average of 
the positions determined for each observation. The quoted error 
radius is representative of the error radii computed for the 


1.0 Jy corresponds to 2.2°107'! erg s~? (2-11 keV). 


7=1,060 wy and 1.0 RMC count 


individual observations. An empirical error radius, EY, is calcu- 
lated from the scatter of the determined positions. We have found 
so far good agreement between E, and our chosen error radius. If, 
occasionally, we do not find them to be comparable, we will adopt 
the larger value. 


Results 


The region of the galactic plane between longitudes 20° and 55° was 
observed 11-16 July 1975, immediately after one of the obser- 
vations of Sco X-1, and also on 13 September 1975. The spin axis 
was pointed for | d at each of six ‘targets’ in the region. The overall 





Table 2 Stellar astrometry and magnitudes 


Position (1950)+ 


Source Star Mog” a ò 
281822 — 000 1 16.9 
4 16.5 18h 22min 46.73 —00°04 26" 
5 18 22 $4.0 —00 03 03 
281837 +049 D 18.54 
(Ser X-1) 10 17.9 
11 15.1 18 37 24.4 05 00 47 
281845 — 024 2 16.2 18 45 41.6 — 02 28 34 
3 18.6 18 45 43.3 —02 29 10 
281905 +000 3 18.9 
12 17.4 
27 14.8 19 OS 52.1 00 05 01 
281908 +005 3 17.9 
(Aq! X-1) 13 12.7 19 08 42.7 00 31 07 
14 19 08 46.1 00 28 33 
251916 — 053 2 17.9 
19 12.9 19 16 07.4 —05 21 06 
20 19 16 13.0 —05 18 5] 
2819574115 M 19.044 
8 17.2 
10 19 56 55.4 11 34 0I 
H 16.0 19 57 07.6 1 


1 34 30 





*Estimated from stellar diameters’ to ~ 0.5 mag. 
Precise to < 2”. 
tms from other work®-?!, 
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field of view was larger than the separation between targets, so each 
source was detectable in the data from at least two independent 
observations. Earth blockage, South Atlantic anomaly penetra- 
tion, and partial loss of daytime star tracker data reduced the 
usable data in each of these observations to ~ 30,000 s. 

A total of eight previously known X-ray sources were detected in 
this region. The positions determined for these sources are given in 
Table 1. Error circle radii were determined as discussed above. The 
contribution to the total error radius from the random aspect and 


115 


source subtraction errors was negligible for all of these sources. In 
all cases, the scatter jn the positions determined from independent 
observations was less than the computed error radius. Source 
intensities (2-11 keV) are averaged over the one day observation 
and are accurate to ~ 10%. The positions are plotted relative to 
previous results in Fig. 2. Finding charts for each of the sources are 
provided in Fig. 3. Table 2 contains celestial positions and 
magnitudes estimated from image diameters” for several stars in, 
each finding chart. 


Fig.3 Findingcharts forthe SAS-3 positions. The charts are taken from the Palomar Sky Survey blue plates (National Geographic Society). Northis 
up and east is to the left. The indicated scale factor applies to all charts. Stars are numbered to ease communication between observers. Letter 
designations indicate proposed identifications (see text). 
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There are 11 sources detected in the UHURU and Ariel V 
surveys of this region which we have not seen. If these sources were 
at their catalogued intensities, then only one, 3U1901 + 03, should 
have been clearly above our detection threshold. Another one, 
3U 1912 +07, would have been above our threshold if it were at the 
intensity reported in the 3U catalogue’, but below our threshold at 
the intensity reported by Seward?. 

The current status, with regard to the identification of these 
objects, is as follows: 

3U 1822-00; there have been no proposed candidates for this 
source. There are no stars visible on the Palomar Sky Survey blue 
plate in the error circle and only a few on the red plate. 

Ser X-1: Davidsen? proposed a candidate for Ser X-1 based on 
the SAS-3 quick-look results’. The object isa faint (B = 18.5) star 
with an ultraviolet excess. [tis ~ 4” from the centre of our refined 
error circle. Ser X-1 is also a source of X-ray bursts!°~'?, the first 
burst source for which a stellar counterpart has been proposed. 

A1845 — 02: There have been no proposed candidates for this 
source, The source lies in a heavily obscured region. There is only 
one star visible on the Palomar Sky Survey inside the error circle. 

A1850—08: The globular cluster NGC6712 was proposed by 
Seward? eral. as a possible counterpart for A1850 — 08. Cominsky 
etal,'*, using UHURU data, and Grindlay er al.'*, using ANS 
data, improved the position determination of this source. In both 
cases, NGC6712 was consistent with the data, but field objects 
could not be ruled out. Our position for this source clearly 
identifies it with the cluster. The centre of the cluster is ~ 30” from 
our best position, well inside the error circle. Of the known variable 
stars in the cluster, two long period variables, V2 and V8, lie within 
the error circle. Also lying within the error circle is V17, which was 
seen to vary by Harwood!>, but not by Sandage!® or Rosino!”. 

A1905 +00: there are currently no proposed candidates for this 
object. The source has been identified as an X-ray burst 
source 18. 

Aql X~ 1: a candidate for Aql X-1 was proposed by David- 
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sen?” based on the UHURU error box. This candidate is ruled out 
by our results. 

3U1915 —05: The star 26f Aq!, suggested as a possible counter- 
part in the 3U catalogue? is not consistent with our results. This 
source was first proposed as a burst source candidate by Becker et 
al.*° based on OSO-8 observations (error box area ~ 13deg?)and 
has been confirmed with recent SAS-3 observations (error box area 

~ 0.1 deg? (ref. 24). 

3U1956+411: Margon er al.*! have proposed a candidate for 
this source based on the SAS-3 quick-look results??. It has a B 
magnitude of 19.0 with a spectrum similar to that of Sco X-1. It lies 
10” from our present refined position. 

We thank the staffs of the Center for Space Research at M.L.T. 
and the Goddard Space Flight Center. Stellar coordinates were 
measured at facilities of the Kitt Peak National Observatory. This 
work was supported in part by the US NASA. Thisis the second in 
the series of articles on positions of galactic X-ray sources with 
SAS-3 (ref. 1 being the first). 
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The observed *° Mg and '°O anomalies in meteorites can be 
consistently understood if a supernova occurred within a few 
million years of the condensation of the Solar System. Grains 
condensing in the ejecta from this supernova may be an 
integral aspect of this process. 





THE detection’? of excess ?°Mg which correlates with the Al/Mg 
ratio in a Ca-rich inclusion in the C3 chondrite Allende offers 
strong evidence that a nucleosynthetic event preceded the for- 
mation of the Solar System by at most a few million years. Two 
explanations for the production of ?°Ai, which decayed to form the 
observed excess *°Mg, have been presented. (1) An irradiation in 
the early Solar System? could synthesise the observed amount of 
SAI throughout a solar nebula of | M œ. but the energy required is 
greater than the binding energy of the Sun. This seems un- 
reasonably large. In addition, excess amounts of other rare 
lides such as *°K and *°V, as well as neutron-induced isotopic 
iolies in elements such as Gd, would be produced. No such 
alies have been observed to date. (2) One or more super- 





novae, which could produce *°AI in either explosive carbon 
burning or in a high temperature carbon burning shell source 
immediately preceding the explosion, occurred near the protosolar 
cloud*. This supernova would have had to occur within a 
few ?°Al decay half lives (7.2 x 10° yr). The fact that the protosolar 
cloud condensed within such a short time of this supernova may 
not be accidental; the supernova trigger hypothesis of the 
formation of the Solar System has been considered by several 
authors (ref. 4 and S. Margolis, in preparation). We present here 
the results of our supernova grain condensation calculations and 
relate them to the hypothesis that a ‘last event’ supernova was 
indeed related to the formation of the Solar System and thus might 
have created the observed isotopic anomolies in magnesium, 
oxygen, neon and xenon. 

Four components of presolar material are envisaged for the 
formation of the Solar System. The first two, interstellar gas and 
dust, have been enriched by supernova and nova debris (gas and 
possibly dust) and stellar winds, among other processes. through- 
out galactic history. The average composition of the dust may be 
chemically and isotopically different from the gas. The last two 
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Table 1 Isotopic anomalies and condensing minerals in supernova ejecta 
Supernova Non-solar isotopic Major condensible species at 107 ë atm 
zone abundance peculiarities which also condense in the solar nebula * 
C/O<l C/O>I 
(H) CC +), NCE), O+) AlO; C, TiC, SIC, Fe,C 
C=), NCE), OL) Ca,(Al,,MgSiSiO-; AIN, CaS, Fe 
(He) HOi), Main), Si(n) MgALO, Al0O3. MgAl,O, 
S(n), Ca(n), Ti(n), Fein) CaTiO, CaMgSi,0, 
CaMgSi,0, 
Cc/O>l 
Cr+), OC +), Mgl) C. TiC, SiC, Fe 
«© : AN +), 296+), SiE) CaS, ALO, , 
S(n), Ca(n), Ti(n), Fe(n) MgAl,O,, CaTiO; 
(8+Sp)/0 <1 ($+Si)/O>1 
EEOC), Mgl +). 78Si( +) Al,O,, CaTiO, CaS, Fe, Al;O3 _ 
10) eg( —), 4 Cal) Ca {Al;.MgSi)SiO; Ca(Al,,MgSi)SiO; 
: sI +), Fe(n) Fe, CaMgSi,0,, CaS CaMgSi,0. 





(Si) ?8( +), Cal +) 


Fe, CaS 





(~) Possible depletion relative to other stable isotopes and solar abundances; (+), possible enhancement relative to other stable isotopes and solar 
abundances ; (n), possible enhancement of neutron-rich isotopes due to neutron capture. (+), Indicates uncertainty in the production relative to other stable 


isotopes, 


*Solar nebula conditions: 10°? atm pressure and either T > 1,430 K, C/O < lor T > 1,300 K, C/O > Land otherwise solar? composition. 


components, ‘last-event’ supernova gas and dust, may be mixed 
into the protosolar cloud when the shock. wave from this 
supernova collides with the cloud and initiates its collapse. We note 
here, in reference to the problem of producing observable isotopic 
anomalies, that it may be easier for the ‘shrapnel-like’ grains from 
the supernova to penetrate to the interior of the cloud than for 
supernova gas. This gas, part of which mixes by Rayleigh-Taylor 
‘interfingering’ at the interface between the expanding supernova 
shock front and the protosolar cloud, may mostly just pass around 
the exterior of the collapsing presolar nebula. In addition, the time 
required for injected supernova gas to completely mix with nebular 
gas may be so short that production of non-radiogenic isotopic 
anomalies with supernova gas alone might be precluded. 

The currently accepted model® of presupernova stars pictures 
them to be composed of several layers. The outer layer has roughly 
‘solar’ composition, while successive interior shells have com- 
positions corresponding to the products of static hydrogen, 
helium, carbon, oxygen and silicon burning, respectively. The 
supernova occurs when the presupernova core collapses, and a 
shock wave explosively burns and ejects the outer layers of the star. 
In some stars, however, the shock wave may not cause significant 
explosive processing. Because the most complete estimates of the 
composition of supernova ejecta are explosive burning calcu- 
lations, we assume that these ejecta contain zones composed, 
successively, of the products of explosive hydrogen, helium, 
carbon, oxygen and silicon burning. These zones are hereafter 
referred to as the (H), (He), (C), (O) and (Si) zones. 

Table | shows, for each explosive burning zone, the isotopic 
compositions”” of the major elements that are decidedly non- 
solar. Entries are of three types: first, the oversynthesis of one or 
more isotopes of an element, relative to the others, compared with 
solar isotopic abundances (namely °7S, 23S, #°Ca and *7Ca in the 
(C) zone); second, the survival of only one isotope of an element 
(namely '°O and ?4+Mg in the(O) zone): or, third, the enhancement 
of the neutron-rich isotopes of an element relative to solar 
abundances due to neutron capture during explosive burning or 
the static helium burning’? phase that preceded explosive carbon 
and oxygen burning (namely Ti in the (He) zone). 

To discover what minerals could condense in supernova ejecta, 
equilibrium condensation calculations for each of these zones have 
been performed!!. The results for 1078 atm pressure and different 
C/Oand(S + Si)/O ratios are also shown in Table 1. We have listed, 
for reasons discussed below, only those minerals that are also 
condensible at 10-3 atm, assuming either that T > 1,430 K and 
C/O < l or T > 1,300 K and C/O > 1, and otherwise solar'? 
abundances. The calculations are not very sensitive to pressure 


changes. The most important compositional parameter is the C/O 
ratio, or, in the (Si) zone, the (S + Si)/O ratio. Grains condensed 
from a given zone will have an isotopic composition characteristic 
of that zone and are hence capable of carrying that composition 
into the presolar nebula. But it is not at all certain that grains can = 
form in expanding supernova ejecta. Preliminary estimates!) 
suggest that grain condensation is only possible if the shock wave 
that explosively burns and ejects the matter is relatively weak. If 
grains do form these results indicate their probable compositions. 

As the collapse of the presolar nebula proceeds, the pressure and 
temperature rise. If isotopic anomalies are to be carried into the 
Solar System in grains, these grains must be able to survive, that is, 
their composite minerals must be condensible in this physical 
environment. We are primarily interested in Ca-rich inclusions of 
C3 chondrites, which seem to have formed in a nebular region that 
had a maximum pressure of about 107? atm i a roughly solar!? 
composition. The maximum temperature, Tnax that this region 
reached must have been greater than the condensation tempera- 
ture of forsterite'', 1,430 K, because the bulk chemical com- 
positions of the Ca-rich inclusions are similar to those calculated 
for the pre-forsterite condensate and dramatically different from 
the post-fosterite composition. IT > 1,742 K, no major O- 
bearing mineral could survive. But corundum (Al,O;), perovskite 
(CaTiO;), melilite Pe ], spinel (MgA1,0,) and | 
diopside (CaMgSi,O,)could surviveif T < 1,742, 1,681, 1,625, 
1,530 and 1,435 K respectively. Because all these minerals could 
condense in at least two supernova zones, isotopic anomalies in the 
elements O, Mg, Si, Ca and Ti may eventually be observable in Ca- 
rich inclusions. 

Excess '°O (ref. 13) and °°Mg have been observed in these 
inclusions and could have been carried into the solar nebula in 
grains condensed in the (C) zone (Table 1). In addition, excess '°O 
is also produced in the (O) zone. Lee et al.? found that there is a 
positive linear correlation between the excess ?°Mg and the Al/Mg 
ratio, that is, the data define an Al-Mg isochron. Clayton et a/.!* 
found the amount of excess '°O to be fairly constant within a given 
phase, even from samples taken from different inclusions. Both 
observations may be easier to understand on the basis of a gaseous 
rather than a crystalline source of these anomalies. But textural’ * 
and trace element’? evidence imply that these inclusions were at 
least partially melted during or after their formation. Since 
diffusion in silicate melts is more rapid than in crystalline silicates, 
all phases crystallising from or equilibrating with a melt would 
tend to have the same isotopic composition, thus obliterating any 
previous distribution that could be used to ascertain the source of 
these anomalies. Those phases which did not melt would be 
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expected to have different isotopic compositions. Experiments'® 
have shown that spinel and pyroxene have higher minimum 
melting temperatures in this system than melilite and anorthite. 
Observations!* show that the spinel and pyroxene of Ca-rich 
inclusions have greater concentrations of excess '°O than melilite, 
by about a factor of four. This could be explained by a partial 
melting of the inclusions at a time when there was less excess '°O in 
the ambient gas than in the inclusion. On the same grounds, one 
could expect deviations from the Mg-Al isochron to occur. But, 
the higher melting point phases (spinel, pyroxene) have such small 
Al/Mg ratios that relatively large differences in their initial 
26Al/?" Al ratios would, considering the experimental un- 
certainty’, be unobservable. Thus, the determination of the 
source of the Mg and O anomalies will be difficult since we may not 
see the original distribution of ?°Al and excess !°O. 

One other distinction remains between the Mg and O anomalies. 
While the ?°Al has to be associated with a nucleosynthetic event 
that occurred within a few million years of the Solar System’s 
formation, the observed excess '°O does not. Since the (C) and (O) 
zones produce excess '°O, either ‘old’ presolar grains or ‘last- 
event’ supernova grains could have carried excess '°O into the 
presolar nebula. But, if grains cannot form in supernova ejecta, the 
only remaining way, in our scenario, to inject excess '°O is through 
last-event supernova gas. 

The 2*Ne anomaly!* observed in C1 chondrites may have been 
produced by 2.6 yr 7*Na-bearing presolar grains condensed in the 
(He) zone’’. In the solar nebula these grains vaporise if 
Tog > 1,000 K. But evidence 7° suggests that Cl chondrites may 
have formed in nebular regions where T ax < 400 K: if decay- 
produced ?*Ne can be retained in or on these grains at this 
temperature, incorporation of excess 7 Ne into CI chondrites may 
occur. But, irradiation?” in the early solar nebula could also 
produce excess °? Ne with energy requirements far less stringent 
than those for the production of 7°Mg by irradiation. 

What minerals could survive in the presolar nebula if the 
composition was solar except for a C/O ratio > 1? Enstatite 
chondrites apparently condensed in such a region*!. Unfor- 
tunately, less is known about the mineralogical history of enstatite 
chondrites, so no limits on Tmas can at present be imposed. 
Calculations! showthatif 7 > 2,025, 1.930, 1.745, 1,458, 1.400 
and 1,390 K, respectively, TiC. C, SiC, Fe,C, AIN and CaS could 
survive: all of these phases can be condensed in at least two 
supernova zones (ifC/O > Lin the appropriate supernova zones). 
Thus, C, N, S and Fe, in addition to Mg. Si, Ca and Ti, isotopic 
measurements could potentially be key indicators of which 
supernova zones have been sampled. The C'7/C!? ratio could 
prove very important in this respect, since this ratio should be less 
than its solar value if the (H) zone is responsible, while if presolar 
grains from the (He) and/or (C) zones are incorporated in enstatite 
chondrites this ratio should be greater than its solar value. 

Before the discovery of the 7°Mg anomaly, it was thought that 
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the last nucleosynthetic event affecting the Solar System occurred 
about 10% yr before its formation?*, which is the interval 
between the production of the r-process radioactive parents (17°, 
244Bu) of Xe and the retention of daughter Xe in the meteorites. 
Assuming that the anomalous 7°Mg is the in situ decay product of 
Al, the Mg timescale is about 10° yr. There are at least two 
explanations for this discrepancy. First, ?°AI, '?°l and 7##Pu may 
not have been produced in the same nucleosynthetic event, but in 
separate events 10° yr apart. The latter event made 7*Al, but no r- 
process nuclei (or at least its r-process material did not get into the 
solar nebula). The incorporation of Al, I and Pu occurred about 
10° yr later. The second explanation is that these three nuclei were 
all made in the same (last) event, but somehow Xe was unable to be 
retained by meteorites until 10° yr later, possibly because this 
region of the presolar nebula or the meteorite parent bodies 
remained too hot. A search for 73*U anomalies due to the decay of 
*47Cm might resolve this problem?3, 247Cm (half life 
1.54 x 107 yr), '?°1 (1.7 x 107 yr) and ?44Pu (8.3 x 107 yr) are all r- 
process nuclei. The U timescale’s turning out to be of the order of 
the Xe timescale would be evidence in favour of the first possibility 
since U is a refractory element and does not diffuse out of 
meteoritic minerals as readily as gaseous Xe. 

It seems, therefore, that a last-event supernova provides a 
consistent explanation of the observed isotopic anomalies. 
Condensation sequences for supernova ejecta imply that presolar 
grains may be a useful part of this picture. 
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A low-resolution three-dimensional map has been 
obtained from crystalline arrays of membrane-bound 
eukaryotic ribosomes. It shows both ribosomal subunits 
to be adjacent to the membrane surface, attached to 
it by a part protruding from the large subunit. 





Most eukaryotic cells have two populations of actively 
synthesising ribosomes which are distinguishable morpho- 
logically according to whether they exist free in the 
cytoplasm or are bound to membranes, normally the 
endoplasmic reticulum. In general, the two populations 
synthesise different sets of proteins. One function of 
membrane-bound ribosomes, originally discovered from 
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Fig. 1 Organisation of crystalline ribosomes and membranes as 
in the oocyte of Lacerta sicula during winter. a, Face-on 
view; b, edge-on view. Membrane-bound ribosomes which are 
separate from those in the crystals (arrows) are also evident 
(x 50,000). To bring out details clearly, the ribosome-membrane 
complexes have been isolated from the cytoplasm and suspended 
in 100 mM KCI, 5 mM MgCl, 0.25 M sucrose, 50 mM trieth- 
anolamine-HCl, pH 7.6. All thin sections were prepared by fixing 
in glutaraldehyde, post-fixing in OsO,, embedding in Araldite, 
then staining after cutting with uranyl acetate and lead citrate. 


experiments with secretory cells’, is to synthesise proteins 
for export from the cell, These proteins are vectorially 
discharged through the membrane during synthesis’. 
Ribosomes are attached to the membranes by two types 
of interaction’: one is sensitive to ionic strength and the 
other to the antibiotic puromycin. The salt-sensitive inter- 
action occurs directly between the large ribosomal subunit 
and the membrane, but its significance is not yet under- 
stood, The puromycin-sensitive interaction is indirect and 
is thought to be due to an anchoring effect by the 
membrane on the nascent polypeptide chain. It is therefore 
associated with proteins which are to be transferred across 
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the membrane. Recent findings indicate that the specificity 
for the interaction between the nascent polypeptide and 
the membrane resides in the amino-terminal sequence of 
the proteint”, 

It is generally assumed that the large ribosomal subunit 
lies between the small subunit and the membrane sur- 
face™’ and that the protein being synthesised passes into 
and through the membrane through a protected region™™™ 
within the large subunit. But the electron microscopical 
and biochemical experiments on which these ideas are 
based do not provide definitive evidence, and the exact 
configuration of the ribosome with respect to the mem- 
brane is uncertain. 

This study is based on a three-dimensional analysis of 
crystalline arrays of ribosomes which bind to membranes 
through a salt-sensitive linkage. The commonly assumed 
configuration is not confirmed. In the crystals, both 
subunits lie close to the membrane surface, attached to 
it by a part protruding from the large subunit. 


Lizard ribosome crystals 


The crystalline sheets of ribosomes which develop in 
the oocytes of the lizard Lacerta sicula during its winter 
hibernation period’, were used for this study. Each sheet 
is composed of two layers of ribosomes which are 
continuous with the cytoplasm and are bordered on either 
side by extended, flattened, vesicular membranes similar 
in appearance to the cisternae of the endoplasmic re- 
ticulum. In each layer of a sheet the ribosomes present 
the same surface to the membrane against which they 
are juxtaposed, and are arranged as tetramers in the 
space group P4 (a=595A) (ref. 13). The crystalline 
material is inactive in vivo, but seems to be competent 
in protein synthesis when isolated and tested in a cell-free 
system". 

Face-on and edge-on views of the sheets are shown 
in Fig. 1. A detailed description of the packing of the 
ribosomes seen there and of the crystallographic 
relations between the layers of a sheet has been given 
elsewhere”. Face-on views (Fig. la) looked at from an 
appropriate glancing angle, show either tetramers or single 
ribosomes to line up in rows. When, in the edge-on views 
(Fig. 1b), the tetramers or the single ribosomes super- 
impose, they give rise to characteristic patterns of dashed 
(tetramer) or dotted (single ribosome) lines. 

The membranes are most obvious in the edge-on views. 
They are separated from the densely staining parts of 


Fig. 2 Edge-on view of a six-layer stack of sheets formed by agg- 
regation of three single sheets (each of two layers of ribosomes) ina 
medium of low ionic strength (50 mM KCl, 5 mM MgCl, 0.25 M 
sucrose, 50 mM triethanolamine-HCl, pH 7.6) containing 0.25% 
Triton. The zones from which the membranes have been extracted 
are indicated by the arrows. The other, darker, zones correspond 
to the region between the two layers of a sheet. Section ~ 2000 

thick ( x 150,000). Stacks of sheets formed artificially in this way 
have the same appearance as the ‘three-dimensional crystals’ of 
ribosomes which develop, in the absence of membranes, in live 

chick embryos when they are cooled™. 








Fig. 3 Single ribosomes and tetramers attached to membrane 
fragments after high salt treatment; negatively stained in uranyl 
acetate ( x 55,000). The following steps were carried out at 4 °C. 
The cytoplasms from about 50 selected previtellogenic oocytes 
were carefully opened out under a dissecting microscope into 
about 50 yl of low salt medium (50 mM KCI, 5 mM MgCl, 
0.25 M sucrose, 50 mM triethanolamine-HCl, pH 7.6), stirred 
vigorously, then centrifuged at ~ 300g for 10 min to produce a 
pellet consisting almost entirely of large aggregates of ribosome 
sheets and membranes. This pellet was resuspended in 50 ul of 
high salt medium (500 mM KCI, 5 mM MgCl,, 0.25 M sucrose, 
50 mM triethanolamine-HCl, pH 7.6), held for 15 min, and then 
centrifuged at higher speed to remove any large contaminating 
material. The supernatant, containing the freed ribosomes and 
membranes was divided into two equal portions, one of which 
was dialysed against the low salt medium for several hours. Both 
portions were subsequently examined together in the microscope. 
Only the dialysed portion contained membrane-bound ribo- 
somes. The few mitochondrial membranes present in these 
solutions, and erythrocyte ghosts which had been added to them 
before dialysis, showed no signs of attachment. 


the crystalline ribosomes by a narrow, but distinct, zone 
relatively free of stained material. A zone of the same 
width is also observed when the membranes have been 
partially dissolved, indicating that osmotic effects are not 
responsible for its appearance or its width. No gap 
corresponding to this zone is found, however, between 
ribosomes and membranes in the non-crystalline regions. 
These ribosomes always seem to be more closely attached, 
as do those on the endoplasmic reticulum. 


Biochemical findings 


The stain-depleted zone could be taken to indicate that 
the ribosome crystals are not attached to the membranes 
but are held apart, for example, by electrostatic forces. 
Other evidence favoured direct attachment, however: 
it was not possible to separate the components in 
detergent-free media of near physiological composition 
by normal mechanical means. In addition, the appearance 
of membrane-extracted stacks of sheets, which sometimes 
form in the presence of the detergent, Triton X-100 (see 
Fig. 2), seemed to imply that this zone contained some 
matter. 

Two types of experiment gave more compelling evidence. 
In the first (Fig. 3) the KCI concentration was varied. 
It was found that the ribosome sheets, which seemed to 
be strongly attached to the membranes in solutions 
containing 5mM MgCl: at KCI concentrations of about 
100mM or less, were all released without difficulty, 
and dissociated into single ribosomes and subunits, when 
it was raised to 500 mM. Furthermore, the released ribo- 
somes were competent in attaching specifically to 
fragments of the same membrane when the KCl 
concentration was brought down again. As Fig. 3 shows, 
many, but not all, of the ribosomes which attached on 
lowering the KCl concentration tended to associate to 
form tetramers; the crystal bonding between tetramers 
was not re-established. In the second experiment (Fig. 4), 
ribosome sheets which had been isolated from the mem- 
branes by detergent treatment’, were incubated with 
vesicles of lizard liver endoplasmic reticulum from which 
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the bound ribosomes had been removed. A large 
proportion of the surfaces of all sheets then became 
covered by membranes, as would be expected if the 
ribosomes composing them were orientated so that their 
salt-sensitive attachment sites were exposed and available 
for interaction. A strong association is suggested by the 
observations that most of the vesicles are drawn out in single 
membrane layers and that in places where they are only on 
one side they cause the crystal to bend. 

I conclude that the ribosomes are directly attached 
to the membranes through a salt-sensitive linkage which 
may well be the same linkage that binds them to the 
endoplasmic reticulum. 


Analysis of isolated sheets 
To investigate the three-dimensional structure of the 
ribosomes in the sheets they were isolated from the 
membranes as in ref. 13, placed on electron microscope 
grids and negatively stained with uranyl acetate. Micro- 
graphs were then taken of them tilted at angles between 
0° and 76° to the incident 100-kV electron beam. 
Fourier methods'”’* were used to analyse and combine 
the data from the micrographs. The Fourier transform 
of one layer of ribosomes is a two-dimensional lattice 
of lines along which the phases and amplitudes vary 
continuously. The Fourier transform of an isolated sheet 
therefore consists of two such lattices, one of which is 





Fig. 4 Isolated crystalline sheets of ribosomes, (a), were 
incubated with vesicles of endoplasmic reticulum (b), giving the 
result, (c) (40,000). Vesicles of endoplasmic reticulum were 
prepared at 4 °C by a procedure similar to that given in ref. 16. 
two lizard livers were homogenised in about twice the volume 
of a medium containing 0.25 M sucrose, 50 mM triethanolamine- 
HCl, pH 7.6, and centrifuged twice at 15,000 r.p.m, (~20,000g) 
in a M.S.E. 3X6.5 titanium swing-out rotor, discarding the 
pellet and scum at the top on each occasion. The supernatant was 
then layered on to a discontinuous gradient of 1.5 M and 2.0 M 
sucrose in 50 mM KCI, 5mM MgCl,, 50 mM triethanolamine- 
HCl, pH 7.6, and spun at 42,000 r.p.m. (~ 150,000g) for 20 h, 
using the same rotor. The slightly opalescent ‘rough microsome 
fraction’ was withdrawn from the region near the 1.5 M/2 M 
sucrose interface and mixed with an equal volume of a high salt 
medium containing puromycin so that the final concentration 
was 500 mM KCl, 5 mM MgCl., 0.75 M sucrose, 50 mM 
triethanolamine-HCl, 1 mM puromycin, pH 7.6. This mixture 
was incubated at 22 °C for 30 min to release the ribosomes and 
then passed through the same sucrose gradient as previously. The 
ribosome-stripped vesicle fraction was removed from the second 
centrifugation at a concentration of ~ 4 mg of membrane 
protein per ml. The vesicle preparation was mixed with an equal 
volume of isolated ribosome sheets in 50 mM KCl, 5 mM MgCl), 
0.25 M sucrose, 50 mM triethanolamine-HCl, pH 7.6, prepared as 
before'’, and incubated for 6 h at 0 °C before fixation, embedding 
and sectioning. 
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Fig. 5 a, Values of calculated amplitudes and phases along two 
typical lattice lines, plotted as a function of distance (Z*) from 
their centres. In this space group the Friedel relationship gives the 
corresponding values for negative Z*. Continuous curves drawn 
through the points and sampled every 0.002 À~ give the data 
on which the three-dimensional map is based. The average phase 
error, based on comparison of single phase measurements against 
all others within a small range of Z*, is less than 20°. Micro- 
graphs were taken with a goniometer stage, using bent support 
grids to achieve the highest tilt angles. They were densitometered 
and analysed as in ref. 13. The information was combined as in 
ref. 18. No corrections for effects of defocus were needed at this 
resolution. b, Amplitudes and phases calculated for the (0,k) 
lattice lines from the tilting experiments (full line) and from 
edge-on views of superimposed tetramers in ~ 2,000-A thick 
sections (broken line). The data obtained from the edge-on views 
have been adjusted to give the best fit with the data from the 
lilting experiments, the difference between positive and negative 
Staining being accounted for by a 180° phase change. The 
amplitude scale factor and phase origin adjustment needed to fit 
the two sets of data were used to correct the variation along the 
(0,0) lattice line, which the edge-on view gives directly. 


upside-down and rotated by a specific amount with respect 
to the other, depending on the crystallographic relationship 
between the two layers. Hence, each micrograph gives 
two sections through the three-dimensional Fourier 
transform of one layer. 

Sixteen micrographs (32 different views of one layer) 
were needed to give continuous curves of phase and 
amplitude along all of the 25 crystallographically 
independent lattice lines, except for the line through the 
origin, out to a resolution of 90 A. Two such curves are 
shown in Fig. Sa. Several micrographs from a given tilt 
series were suitable for data collection since radiation 
damage was not a limiting factor. 

Optical diffraction patterns from micrographs of 
negatively stained and (sectioned) positively stained isolated 
sheets were similar, indicating that at this low resolution, 
except for the reversal in contrast, positively stained 
and negatively stained sheets would provide roughly 
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equivalent maps of the structure. The approximate form 
of the lattice line through the origin could therefore 
be determined from sectioned material by calculating 
the Fourier transform of an edge-on view of one layer. 
The correct scale of the amplitudes and the origin 
adjustment for the phases along this lattice line were 
then found by comparing data, as in Fig. 5b. 

By sampling the continuous variation of the complete 
transform at suitably fine intervals (0.002A~') along 
the lattice lines, a three-dimensional map of the ribosomes 
in one layer was calculated. 


Three-dimensional map 

Figure 6 shows a tetrameric unit from the three- 
dimensional map, viewed so that the juxtaposed membrane, 
if it were present, would lie underneath, and also a single 
ribosome from this unit, viewed parallel to the plane 
of the array. The contours map out the negative stain- 
excluding regions only. Therefore they are insensitive 
to differences of composition within the ribosome and 
do not show up areas of RNA or protein into which 
the negative stain may have penetrated. 

Particularly noticeable in Fig. 6a is a region within 
the ribosomes which looks like a hole, and so probably 
represents that part where the large and small ribosomal 
subunits are most widely separated. The shape and 
dimensions of the matter surrounding this region resemble 
features observed in micrographs of isolated eukaryotic 
ribosomes and of their isolated subunits’’’’. A detailed 
comparison, and arguments based on molecular weight 
estimates”, indicate that the two subunits lie side by 
side, and suggest that the ribosome can be partitioned 
as shown, with the large subunit closest to the centre 
of the tetramer. The line dividing the subunits seems 
to follow the path in which the inner contours come 
closest together and connect the ‘hole’ to the outside, 
but its exact position cannot be determined from this 
low resolution map. 

Figure 6b, the view of a single ribosome along the 
direction of this path, emphasises another feature of the 
other map—a narrow protrusion on the large subunit 
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Fig. 6 Views of a,a tetramer and b, a single ribosome empha- 
sising the dominant features of the three-dimensional map. The 
negative contours, representing the stain excluding parts, have 
been drawn at two levels (—2 and —6 in a scale 0 to — 10) and the 
region within the inner contours has been shaded. The tetramer 
is orientated so that the juxtaposed membrane would lie under- 
neath (right-handed configuration'’); it is upside-down in 
comparison with the usual orientation on microscope grids of 
isolated tetramers and tetramers in p4 arrays*?, where the ribo- 
somes present ‘left featured frontal’ views'’*°; thus the small 
subunit (S) is on the anticlockwise side, and the large subunit (L) 
on the clockwise side, of the path (arrowed) connecting the ‘hole’ 
to the outside. The single ribosome is viewed from the direction 
indicated by the arrow; the feature protruding from it was 
estimated, independently of the map, to extend as far (+15 A) as 
the dotted line. Scale bars represent 50 A. 
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extending towards the central fourfold axis. From the 
configuration of the group of four of them, it seems 
that the ribosomes of a tetramer touch in the region 
close to the central fourfold axis, as well as at a higher 
radius. These protrusions are unlikely to be something pecu- 
liar to ribosomes which crystallise, since the tetramers can 
be formed in vitro from ribosomal subunits released from 
polysomes”. Nor are they likely to be membrane proteins, 
since another explanation would then be required for 
the identical packing of ribosome tetramers in the non- 
membrane associated stacks of sheets found in chick 
embryos when they are cooled". They are therefore 
most probably normal components of the large subunits. 


Membrane attachment 

Edge-on views of stacks of sheets (Fig. 2) were used 
to derive, independently of the three-dimensional map, 
the distance reached by the protrusions in the direction 
of the membrane. In the membrane-extracted zones of 
these stacks the protrusions show up as slightly denser 
areas between the dashed lines formed by the tetramers, 
and presumably extend halfway into the zones. The 
half-way distance was estimated from projection maps 
calculated from Fourier transforms of these views, using 
the data on which the three-dimensional map is based 
to obtain the correct scale and to define the centre of 
a layer. The result of the estimate, the furthermost distance 
reached by the protrusions in the direction of the 
membrane, is indicated by the dotted line drawn in 
Fig. 6b. The position of this line is consistent with the 
details in the map. 

The line in Fig. 6b could also represent the surface 
of the membrane with which the crystalline ribosomes 
are associated in vivo, since the open space between 
the protrusions would then give a zone of the same 
width as seen in Fig. 1b. No additional material is required 
to span the space. Therefore the protrusions must be 
the links by which the crystalline ribosomes establish 
contact with sites on the membrane surface. 

It seems unnecessary to draw a distinction in mode 
of attachment between the crystalline and non-crystalline 
membrane-bound ribosomes. The closer association with 
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the membrane of the latter could be due to some freedom 
of movement of the ribosomes about their attachment site 
when they are no longer constrained by the crystal bonding. 

It is possible that membrane-bound ribosomes are 
attached by the same mode—-some distance from the 
body of the ribosome-—during the initial stages of protein 
synthesis. A wide separation between the site where the 
large subunit binds and the emerging polypeptide should 
allow the polypeptide freedom of motion relative to 
the highly fluid?*** endoplasmic reticulum, without greatly 
disturbing its proximity or orientational disposition. Thus, 
the main function of this type of attachment could be 
to give the molecules in the membrane and the protein 
being synthesised a good chance to interact. 

I thank Nichol Thompson for cutting the sections, 
Dr L. Amos for some computer programs and Drs C. 
Taddei, R. Henderson and M. Bretscher for helpful 
discussions. The Philips Application Laboratory 
Cambridge, kindly made available the goniometer version 
of their EM400 electron microscope for the tilting 
experiments, 
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DNA synthesised in vitro by purified virions of murine 
leukaemia virus is infectious. Neither RNA nor protein is 
required for infectivity. Transfection with reverse transcrip- 
tase product shows a single-hit dose response and results in the 
production of complete, infectious virus. 








THE discovery of reverse transcriptase in virions of retroviruses’? 
provided a system for studying the viral DNA synthesis which was 
known to be essential early in infection?+. Until recently, however, 
most groups studying reverse transcription in vitro found the DNA 
products to be small relative to the size ofthe RNA templates. Thus 
it was not known whether virions could make a complete copy of the 


viral genome without the intervention of cellular factors. 

Recent studies have improved reaction conditions so as to allow 
detergent-disrupted virions to synthesise DNA molecules up to 
8,000-9,000 nucleotides long, the length of the viral genome RNA 
which serves as template*~7, It has been possible to synthesise very 
long DNA transcripts in the ‘endogenous reaction’ without 
sacrificing the specificity of initiation: the longest products made 
by virions of Moloney murine leukaemia virus (M-MuLV) 
apparently share the unique initiation site and tRNA? priming 
mechanism used by the shorter transcripts®-*-°, Since the longest 
transcripts also migrate as a discrete species close to genome length 
in Agarose gel electrophoresis, it seemed possible that they could be 
biologically active. We report here that infectious DNA can be 
synthesised in vitro by purified virions of M-MuLV. 
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Conditions for synthesis of infectious molecules 


The conditions used for DNA synthesis were essentially the same 
as described previously® with a few modifications. Actinomycin D 
was omitted except where indicated below. A higher yield of the 
longest DNA molecules was obtained when the ionic strength was 
reduced to a minimum by omission of NaCl from the reaction 
mixture and when the incubation was carried out at temperatures 
between 39 and 41 °C. In most of the DNA preparations used for 
these studies, each deoxyribonucleoside triphosphate (dNTP) was 
present at 2 mM, Inearly studies, DNA was synthesised with each 
dNTP at SmM, but a higher absolute yield of the longest 
transcripts was obtained with the lower substrate concentration. 
The lower yield at high substrate concentration was presumably 
due to the inhibitory effects of the 40-60-mM Na * ions contributed 
by 20 mM nucleotides. The concentration of magnesium acetate 
used in these studies was 6.6-7.2 mM, just lower than the total 
dNTP concentration of 8 mM. Synthesis of long DNA molecules 
proceeded for 12-20 h, and the incubation could be continued for 
at least 40 h without detectable degradation of the product DNA. 
The products of reverse transcriptase reactions were assayed for 
infectivity by the Ca,(PO,), coprecipitation method of Graham 
and van der Eb!°-! t as previously described !?:13, The total nucleic 
acid was extracted from an incubation mixture with sodium 
dodecyl sulphate, phenol, and chloroform, passed over a column 
of Sephadex G-50, and ethanol precipitated. In most experiments, 
virion RNA was not removed before transfection. After exposure 
to the nucleic acid, NIH/3T3 cells derived from NIH/Swiss mice 
were scored for successful infection using the syncytium-forming 
assay with an XC cell overlay as previously described 12-14, 
Unincubated virions and virions incubated in suboptimal 
conditions for DNA synthesis were consistently devoid of in- 
fectious nucleic acid. After 3-4 h of incubation in the conditions 
described above, however, infectivity could be detected in the 
reaction product and increased thereafter for at least 12 h (Fig. 1). 


Transfection yields complete virus 


To determine whether the transfected cells forming syncytia with 
XC cells were producing complete virions, the culture fluids of 
NIH/3T3 cells transfected with endogenous reaction product were 
assayed for infectious virus. Titres of 107-103 PFU per 10 ml 
culture fluid were found within 3 d of transfection in every culture 
yielding even one or two infective centres by primary XC assay. 
After 15d culture, the supernatants of transfected cells yielded 
titres of over 10° PFU ml. Mock-transfected cells always 
remained virus free. Therefore transfection with reverse transcrip- 
tase products resulted in the production of infectious virus. 

The fact that virus spread efficiently through the transfected 
culture suggested that it was not an endogenous virus, since the 
only reported endogenous virus of NIH/Swiss mice is xenotropic, 
that is, incapable of infecting murine cells! 5. To confirm the origin 
of the transfection-derived virus, it was tested for the distinctive 
host range of the parent M-MuLV. M-MuLV grows equally well 
on NIH/3T3(N-type) and BALB/3T3 (B-type) cells, but no known 
endogenous virus of mice can grow on both. When the 
transfection-derived virus and M-MuLvV were titred on NIH/3T3 
and BALB/3T3 cells, the ratio of the titre on N cells to the titre on B 
cells was 2.9 for M-MuLV and 2.4 for the transfection-derived 
virus. As controls, an N-tropic virus stock was shown to have a 
100-fold preference for the N-type cells, while a B-tropic virus 
stock had a 10,000-fold preference for B-type cells. Thus the 
transfection-derived virus displayed the host range of the M- 
MuLV used in the reverse transcriptase reaction, and not of any 
known endogenous virus. Unless every infective centre resulted 
from recombination of M-MuLV fragments specifying host range 
with an endogenous viral genome, the product of incubated virions 
contained all the essential genetic information of M-MuLV. 


Structure of infectious molecules 

The biochemical nature of the infectious molecules was studied by 
subjecting them to various treatments (Table 1). The infectivity 
was unaffected by protease, and resistant to R Nase at low ionic 
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Fig. 1 Synthesis of infectious DNA in vitro. Virions were incubated 
in an endogenous reaction mixture containing 320 c.p.m. pmol! 
3H-dCTP. At the indicated times, the nucleic acid was extracted from 
asample, freed of unincorporated substrate, and used to transfect two 
plates of 1 x 10° NIH/3T3 cells. The amount of DNA in each sample 
was determined by monitoring the radioactivity immediately before 
the addition of CaCl,. Each point shows the total number of XC 
plaques obtained with a DNA sample corresponding to about 90 yg 
of virus protein. A, DNA recovered; @, PFU. 


strength, a treatment which will solubilise even RNA hybridised to 
DNA. Deoxyribonuclease completely abolished the infectivity. 
Therefore the infectivity must depend on DNA but not on a 
DNA-protein or DNA-RNA complex. The infectivity was not 
affected by heating to 68 °C in low salt to disrupt aggregates or by 
denaturation at 37 °C in 0.1 M NaOH. Complete resistance of the 
infectivity to alkaline denaturation was observed in the four 
independent DNA preparations tested. The implications of this 
result for the structure of the infectious molecules are discussed 
below. 

Since the specific infectivity of the total endogenous reaction 
product was at least three orders of magnitude lower than that of 
purified proviral DNA (ref. 12) relatively high concentrations of 
reverse transcriptase product had to be applied to the cells. Thus it 
was conceivable that much or most of the infectivity was due to 
complementation among different partial transcripts. Two dif- 
ferent DNA preparations of similar specific infectivity were used to 
study the dose-response of the transfection. In both cases (Fig. 2) 





Table 1 Infectivity of reverse transcriptase product after different treat- 


ments 
Treatment XC plaques DNA (ug) PFU pg! 

None 34 0.32 167 
68 °C 43 0.31 137 
0.1 M NaOH 45 0.29 154 
Proteinase K 45 0.25 178 
RNase 15 0.14 105 

<0.02 — 


DNase 0 

Virus at 1.6 mg ml”! was incubated in an endogenous reaction contain- 
ing 15 mM Mgacetate, 60 mM NaCl, andeachdNTPat5 mM. Incubation 
was for 7 h at 37 °C. After deproteinisation and gel filtration, six portions 
were ethanol precipitated. The control was used for transfection in 1 ml of 
HEPES-buffered saline in standard conditions. One sample was dissolved 
in 50 yl of 2 mM Tris-HCl, pH 8, 2,2 mM EDTA, and incubated for 5 min 
at 68°C before addition of HEPES-buffered saline. One sample was 
dissolved in 20 ad 0.1 M NaOH and incubated for 15 min at 37 °C, then 
chilled, diluted with HEPES-buffered saline, and adjusted to pH 7.05 with 
acetic acid. RNase digestion was for 30 min at 37 °C with 50 ug mi~+ 
pancreatic RNase in 2mM Tris-HCI pH 7.5, I mM EDTA DNase 
treatment was for 30 min at 37 °C with 20 ug ml~' DNase in 2 mM Tris- 
HCL -H 7.5, 10 mM MgCl. Nuclease-treated samples anti control were 
subsequently treated with | mg ml”! proteinase K for 10 min at 37 °C and 
extracted twice with chloroform iso-myl alcohol. They were ethanol 
precipitated again before transfection. 


124 







XC plaques 
w 
> 


p 
© 


0 3 1 03 Ol 
DNA (ug) 


Fig. 2 Dose-response of transfection with endogenous reaction 
product. 7H-DNA with a specific activity of 42,400 c.p.m. g`! was 
synthesised from two different harvests of M-MuLV, as described in 
the legend to Fig. lL Incubation was for 13.7 h at 40 °C. One DNA 
preparation (@) was subjected to serial threefold dilutions, and the 
other (©) was used in twofold dilutions. Both sets of samples were 
then ethanol precipitated and used to transfect duplicate plates of 
cells. The concentration of DNA in each dilution was ascertained by 
measuring the radioactivity in an aliquot. The broken lines represent 
the theoretical curves expected for one-hit and two-hit processes 
giving 500 plaques per 2 zg DNA. 


the titration showed single-hit kinetics. On a double-logarithmic 
plot, the slopes of the lines giving the best least-squares fit through 
each set of points were 1.09 +0.10 and 1.22 +0.10. Thus it is most 
likely that all the genetic information of M-MuLV was carried in 
individual molecules or molecular complexes resulting from 
reverse transcription. 


Effects of actinomycin D 


The alkali resistance of the infectivity, noted in Table |, suggested 
that duplex structure might not be required. If single strands of 
DNA were infectious, then actinomycin D, which selectively 
blocks synthesis of the second (positive) strand, might be expected 
to allow infectious molecules to be made. Pairs of DNA samples 
synthesised in parallel with and without the inhibitor were 
therefore tested for infectivity (Table 2). In each case, the sample 
made in the presence of the drug lacked detectable infectivity, 
whereas the parallel sample made in the absence of the drug was 
highly infectious. The difference was not due to persistence of 
small amounts of actinomycin D through the phenol extraction, 
which might inhibit transfection directly, because a sample made 
in the absence of the drug remained infectious after addition of 
100 ug mi“! actinomycin D followed by phenol extraction. Thus 
actinomycin D prevented the synthesis of infectious molecules. 
DNA preparations made with or without actinomycin D were 
compared in an attempt to explain the difference in biological 
activity. After 12 h of synthesis, the DNA made in the absence of 
the drug consistently banded in isopycnic gradients of Nal as 
almost fully double stranded'®. Actinomycin D., at 100 ug mi~ +, 
completely suppressed the formation of double-stranded mol- 
ecules, allowing only the synthesis of negative-strand DNA (not 
shown). This result is consistent with previous reports!?-!%, 
Another difference was found, however, when the ?H-labelled 
products of reactions with and without the drug were fractionated 
by electrophoresis through alkaline Agarose gels, and the DNA 
displayed either by staining with ethidium bromide (Fig. 3a) or by 
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fluorography of incorporated tritium (Fig. 35). In completely 
denaturing conditions'®, products of both reaction mixtures 
migrated as an array of species with molecular weights of up to 
2.5 x 10%-3.0 x 10°. The majority of the additional DNA made in 
the absence of actinomycin D was smaller than about 2 x 10° 
daltons. This size range is consistent with the size of the majority of 
positive-strand DNA found in vivo?°. As previously reported®, the 
longest molecules in each sample formed a discrete band (arrows in 
Fig. 35). In the absence of the inhibitor, however, the most 
extensive transcripts were about 0.2 x 10° MW (600 nucleotides) 
larger than the largest species made in the presence of the drug 
(compare lanes | and 2, Fig. 3). Both species were capable of 
hybridising to '?51-labelled virion RNA, and so both represented 
the first (negative) strand of DNA (F. Yoshimura & E. Rothen- 
berg, unpublished). Thus actinomycin D apparently blocked the 
addition of about 600 nucleotides to the longest negative-strand 
polymerase‘ products. The biological deficiency of DNA made in 
the presence of the drug could therefore be attributed to either of 
two effects: the absence of positive-strand DNA, or the incom- 
pleteness of the negative-strand transcripts. 


Sedimentation of infectious molecules 


To relate the infectivity more closely to the structure of the DNA, 
the total endogenous reaction product was fractionated by 
sedimentation through neutral and alkaline sucrose gradients and 
the fractions were assayed for infectivity. In the neutral sucrose 
gradient, the pattern of infectivity was comparable with that 
reported for the linear cytoplasmic viral DNA extracted from 
infected cells!?-2’. A peak of infectivity was observed sedimenting 
at 18-205S, with no infectivity in material sedimenting more slowly 
than linear SV40 DNA (Fig. 4a). This is consistent with double- 
stranded linear molecules of full genome size, 8,000-9,000 nuc- 
leotides long. In contrast to viral DNA found in vivo’?, the 
endogenous reaction product contained a relatively high pro- 
portion of infectivity sedimenting rapidly from 205 to about 608. 
These molecules might be DNA concatemers or DNA still 
associated with remnants of the 70S RNA complex. Since DNA 
synthesised in these conditions was almost completely double 
stranded, it was unlikely that any appreciable fraction of the 
rapidly-sedimenting infectious material might be single-stranded 
DNA of genome length. 

If denatured endogenous reaction products were infectious, full 
infectivity should be retained by a sample fractionated on an 
alkaline sucrose gradient. This was not the case: in three separate 
attempts, only about 10% of the infectivity could be recovered 
from these gradients (Fig. 4b). Virtually no DNA was lost during 





Table 2 Effect of actinomycin D on synthesis of infectious DNA 


Sample synthesised with DNA (ug) PFU PFU pe”! 
1 No actinomycin D 19 172 92 
100 ag mi” f actinomycin D 0.57 0 <18 
2 No actinomycin D 0.90 92 102 
100 ug mi! actinomycin D 0.35 0 <29 
3 No actinomycin D 0.78 309 396 
100 ug mi~ ' actinomycin D 0.28 0 <3.8 
4 No actinomycin D ES 558 365 
No actinomycin D; 100 ug ml ~’ acti- 


nomycin D added after incubation 1.5 338 224 


Pairs of DNA samples labelled with 7H-dCTP were synthesised in 
parallel with or without 100 pg mi~! actinomycin D. Different virus 
preparations were used for different experiments, in incubations of 19h 
(experiment 1) or 16 h (experiments 2 and 3) at 40 “C. The DNA sample 
used in experiment 4 was one of the samples described in the legend to Fig. 
2. Each sample was used to transfect duplicate plates of NIH/3T3 cells, 
monitoring the input of DNA by radioactivity. In experiment 4, actino- 
mycin D was added to a sample of the purified DNA preparation to a final 
concentration of 100 ug ml ~? ; the sample then underwent two extractions 
with phenol and one with chloroform before ethanol precipitation. The 
control sample in experiment 4 was precipitated directly without extrac- 
tion. 
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Fig. 3 Effect of actinomycin D on size of reverse transcriptase 
products. *H-labelled DNA samples synthesised in the absence and 
presence of actinomycin D (a gift of Merck, Sharp and Dohme), as 
described in the legend to Table 2 (experiment 3), were analysed by 
electrophoresis on a slab gel of 1°, Agarose in the denaturing 
conditions described by McDonell er a/.'°. The gel was cast in 
30 mM NaCl. 2 mM EDTA on a plug of 2% Agarose in the same 
buffer; the samples were applied in 2 mM Tris-HCl. pH 7.5 | mM 
EDTA for 13 hat 25 V. The gel was stained with 0.5 pg ml! ethidium 
EDTA for 13 hat 25V. The gel was stained with 0.5 zg ml ` * ethidium 
bromide?? and photographed during ultraviolet excitation (a). The 
same gel was treated for fluorography** and exposed to film for 6 dat 
—70 C. Lane 1: DNA synthesised in the absence of the drug. Lane 2: 
DNA synthesised in the presence of 100 zg ml ~ ' actinomycin D. The 
single-strand molecular weights ( x 107%) of the marker DNAs, 
adenovirus type 2 cleaved with BamHI endonuclease and phage P22 
cleaved with EcoRI endonuclease, were as given by H. Delius, R. 
Greene, and C. Mulder (unpublished), and E. N. Jackson, H. I. 
Miller, and M. L. Adams (submitted for publication), respectively. 
Two additional single-strand fragments in the P22 digest were 
previously reported?®. 


the fractionation, and control samples not submitted to fraction- 
ation retained their infectivity. The longest DNA molecules made 
in vitro had previously been shown to resediment on alkaline 
sucrose gradients without evidence of degradation® so that it 
seemed unlikely that breakage was responsible for the loss of 
infectivity. Furthermore, the remaining biological activity sed- 
imented notas full-length transcripts, which should be in fractions 
7and 8 (Fig. 44), but as molecules of only 4,000-5,000 nucleotides 
(fractions 9-10), between the full-length single strands and the 
bulk of the DNA (fractions 11-12, Fig. 4b). Similarly, when a 
sample identical to that shown in Fig. 4a was denatured in alkali 
before fractionation on a neutral sucrose gradient, once again only 
10°, of the infectivity was recovered. As observed with the alkaline 
sucrose gradient fractionation, the residual infectivity in these 
neutral sucrose gradients was found in material sedimenting more 
rapidly than the bulk of the DNA but more slowly than full-length 
single strands (not shown). 

These results present two striking paradoxes: first, that in- 
fectious molecules should sediment in alkali similarly to DNA of 
only half genome length, and second, that DNA which quanti- 
tatively retained its infectivity through complete alkaline de- 
naturation should lose biological activity if fractionated by size 
before transfection. 


Discussion 

The drastic loss of infectivity in these experiments suggested that 
size fractionation of the denatured DNA could be separating 
components which were jointly required for biological activity. 
The infectivity recovered from the alkaline sucrose gradient could 


125 


then result from reassociation of these components. The nature of 
these cooperating components is suggested by the observation, 
noted above, that the genome-length transcripts seem to represent 
the negative strand, whereas the positive strand molecules seem to 
be distinctly shorter. Size fractionation of the denatured reverse 
transcriptase products would thus result in the separation of all 
positive strand DNA from the only molecules which were 
genetically complete. We therefore believe it most likely that fora 
molecule to be infectious, the cooperation of a full-length negative 
strand and some shorter positive-strand DNA is required. On this 
interpretation, the small peak of infectivity in Fig. 4b would 
represent the limited overlap of the peaks of full-length negative 
strands and incomplete positive strands, and the quantitative 
resistance of the infectivity to simple alkaline denaturation (Table 
1) would be an artefact of rapid reassociation. The positive-strand 
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Fig. 4 Sucrose gradient sedimentation of reverse transcriptase 
product. a, Total nucleic acid from an endogenous reaction was 
centrifuged through a 4,8-ml 15-30% sucrose gradient in 0.1 M NaCl, 
0.02 M Tris-HCI, pH 8.3, 0.002 M EDTA, for 2 h at 48,000 r.p.m., 
4 °C, in the SW 50.1 rotor. The 16S marker, '*C-labelled SV40 DNA 
cleaved with EcoRI endonuclease, was centrifuged in a parallel 
bucket. Fractions of 0.32 ml were collected from the bottom and the 
*H-labelled DNA was detected by liquid scintillation counting of 
30 plaliquots(@). Each fraction was used to transfect a single plate of 
NIH/3T3 cells (O). b, A sample of one of the DNA preparations 
described in the legend to Fig. 2 was centrifuged through a 5-ml 
gradient of 5-20% sucrose in 0.3 M NaOH, 0.7 M NaCl, 0.005 M 
EDTA, 0.1% sarkosyl, for 4.5 h at 49,000 r.p.m., 4 °C, in the SW 50.1 
rotor. Fractions of 0.26 ml were collected from the bottom, neutra- 
lised with an equal volume of 100 mM Tris, 0.3 M acetic acid, and 
used to transfect single plates of cells as above (O, PFU). A portion of 
the unfractionated DNA was transfected in parallel, yielding a value 
for the input infectivity of 150 PFU. The DNA was detected by 
counting 50 4:1 portions of the neutralised fractions before ethanol 
precipitation (@. °H). The marker was as described in (a). In both 
experiments the recovery of DNA after cthanol precipitation was 
greater than 80°, in every fraction. 
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fragment might be necessary as a primer for cellular DNA 
polymerase to complete the proviral DNA duplex before in- 
tegration. 

This interpretation does not directly address the question of the 
unexpected size difference between the longest strands made in the 
presence and absence of actinomycin D. Ifthe longest DNA made 
in the presence of the drug were in fact a complete transcript, then 
the extra sequences might be part of a self-complementary 
‘hairpin’ structure initiating the positive strand. Alternatively, the 
additional sequences might represent a transcript of the 5’- 
proximal 600 nucleotides of the RNA template, untranscribed in 
the presence of the inhibitor. 

In summary, we have shown that detergent-disrupted virions of 
M-MuLV can synthesise DNA which is infectious. DNA made in 
the endogenous reverse transcriptase reaction can specify the 
synthesis of complete, infectious virus with the host range of the 
parent stock; this genetic information is probably carried on 
individual duplex molecules and not provided by com- 
plementation among partial transcripts. Thus it is likely that the 
virions contain all activities necessary for the synthesis of unin- 
tegrated proviral DNA. Reverse transcription in purified virions 
may accurately reflect the mechanism of synthesis of the viral 
DNA in infected cells. 

A preliminary account of these findings was presented at the 
Cold Spring Harbor meeting on RNA tumour Viruses, May 30, 
1976. We would like to thank Daniel Donoghue for thoughtful 
advice and valuable criticism throughout this work. This research 
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Pulsar interpulses 
and other off-pulse emission 


THE pulse emission from pulsars is usually confined to a window 
having a width of a few per cent of the pulsar period. Seven 
out of the 149 known pulsars, however, exhibit secondary 
pulses known as interpulses! which follow the relatively stronger 
main pulses by about half of the pulsar period. While it seems 
that only a few pulsdrs have observable interpulses, not all of 
the known pulsars have been carefully examined for this 
phenomenon. This is mainly because once a pulsar has been 
discovered, observers tend to concentrate on studies of the 
pulse window rather than the whole pulsar period. Consequently 
it would be statistically incorrect to compare the fraction of 
pulsars known to have interpulses with the fraction predicted 
by a proposed pulsar model. In order to check this possibility 
we conducted an interpulse search on the pulsars that are 
visible from Jodrell Bank. We report here the results of this 
search in which one new interpulse was discovered. These 
observations also revealed the presence of weak emission from 
regions other than the main pulse and interpulse windows in 
the cases of three pulsars. 

The search took place between July 1975 and April 1976. 
Observations were made on approximately 100 pulsars at 327, 
408 and 610 MHz and of about 50 of these pulsars at 151 and 
240 MHz. For each pulsar the full period was observed for a 
total time of about 90 min. Dispersion removing techniques? 
were used to keep dispersion smearing comparable with the bin 
size of 1/400th of the pulsar period. At each frequency observa- 
tions were made simultaneously, using two contiguous fre- 
quency bands of widths 2 MHz at 408 MHz and 610 MHz and 
0.5 MHz, at the other frequencies. This enabled an interpulse 
to be distinguished from interference since the pulse arrival 


times would be different in the two bands due to dispersion. 
The observation of an interpulse at several frequencies provided 
further checks on the validity of an identification. 

Out of all the pulsars observed only PSR1822---09 revealed a 
previously unknown interpulse. The full period profile of this 
pulsar is shown in Fig. 1. The interpulse, whose intensity is 
~10% of the main pulse, has been seen at 327, 408 and 610 
MHz with approximately 170° of longitude separation from 
the main pulse (where 360° represents the whole pulsar period). 
Note that PSR 1822-09 has several features in common with 
the Crab Nebula pulsar, PSRO531-+21. Besides having inter- 
pulses both pulsars have a precursor to the main pulse and 
both have relatively large values of P (the period time deriva- 
tive). Observations? of PSR 1822— 09 indicate that this pulsar also 
emits pulsed y rays like PSRO5S31--21. We suggest that there 
may be a causal connection between these phenomena. 

Figure 1 also shows the profile of PSR0740-28 for which a new 
component has been detected at 240 MHz. This component has 
~4°% of the intensity of the main pulse and follows the main 
pulse by about 70° of longitude. The component is below the 
limit of detection at 327 MHz and is obscured by interstellar 
scattering at 151 MHz. The separation between this component 
and the main pulse is possibly too small to identify it as an 
interpulse and we regard it as part of the main pulse window 
which, therefore, has a width of about 70° longitude. 

From the survey, therefore, it seems that interpulses are 
a property of only a few pulsars; of the 105 pulsars studied 
only four, PSRO531+21, PSR0950--08, PSR1822--09 and 
PSR1929-+10, showed interpulses. Of the remaining pulsars 
with known radio interpulses, PSRO904+-77, PSR0823-+26 
and PSR1055— 52, two were too weak to be detected and one is 
not visible from Jodrell Bank. (The interpulse in the Vela 
pulsar, PSRO833— 45, is only seen at optical and y wavelenths). 
The pulsars with interpulses have, with one exception (PSR0904 
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+77), shorter than average periods and three of the six that have 
determined values of P have very large values for this. These 
are thought to be characteristic of young pulsars which 
suggests that interpulses may also be a property of young 
neutron stars. This accords with theory since interpulses are 
generally thought to indicate that the observer is seeing the 
effects of both magnetic poles of the neutron star. This occurs 
when the magnetic axis is almost orthogonal to the rotation 
axis of the star.and Jones® has suggested that this may in fact be 
the case for the youngest pulsars. According to this model the 
axes begin to realign after ~ 10° yr and consequently interpulses 
should not be seen for the older pulsars. A completely opposite 
view of pulsar magnetic field alignment has been put forward 
by Flowers and Ruderman’. They also propose an alternative 
explanation of interpulses and our results may be understood in 
terms of either model. 

Our observations also provided a second result: three pulsars 
exhibited low frequency emission with a wide longitudinal 
distribution. Figure 2 shows the full period profiles of these 
pulsars at several frequencies. This weak emission was confirmed 
by the presence of a time delay between its components in the 
two adjacent frequency bands caused by dispersion. Observa- 
tions’~® at other wavelengths have shown similar features 
to be present in other pulsars but greatly enhanced. From Fig. 2 
we deduce that this emission has a steeper spectrum than the 
main pulse radiation. This fact and the wide distribution in 
longtitude suggest that we are dealing with a different part of 
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© Fig, 1 Integrated profiles of a, PSR 1822—09 and b, PSRO740— 28. 
The positions of newly discovered interpulse and pulse com- 
ponents are marked by arrows. The intensity scale is linear but 
in arbitrary units and the length of the vertical bar at the top right 
hand of each figure represents the r.m.s. noise of the observation 
and corresponds to the uncertainty of the position of the fitted 
baseline. The width of the vertical bar shows the time resolution. 
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Fig 2. The integrated profiles of three pulsars exhibiting low 

frequency emission with a broad longitude distribution: a, 

PSRO450-—- 18; b, PSR1541+09; c, PSRI718--32. The extent of 
the emission is shown by delimiters. 


the magnetosphere to that responsible for the main and. inter~ 
pulse emissions which tend to have similar widths and spectra. 


Future observations of the polarisation of this phenomenon” iy 


may help distinguish between these two emission regions and 


reveal further information about the magnetospheric structure 


of pulsars. 
We thank Dr A. G. Lyne for much help and we acknowledge’ 
financial support from the SRC. 
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Observable gravitational effects 
on polarised radiation 
coming from near a black hole 


Tue effects of general relativity on the degree and plane of 
linear polarisation of X rays emitted by an accretion disk or- 
biting a black hole (such as Cyg X-1 might contain), were des- 
cribed in a previous letter! where we showed that the effects 
were large. Using a constant of motion along null geodesics in the 
Kerr metric, discovered by Penrose and Walker®, we have since 
been able to calculate analytically polarisation rotations along 
any null ray. We present here more extensive results obtained 
by this method, for two different kinds of disk model and for 
different black hole angular momenta. 

The alteration in observed polarisation properties from their 
Newtonian values?” is due to the strong bending of light rays 
coming from the accretion disk. The effects of gravitational 
redshifts and focusing are to strongly ‘pick-out’ some regions 
of the disk to contribute most to the observed properties. To 
show these effects we have made calculations for ‘one’- and 
‘two’- temperature disk models’:*. These models differ in that 
the former has a radial temperature gradient, whereas in the 
latter the inner region, closest to the black hole, has an es- 
sentially constant temperature. Although no completely satis- 
factory disk model exists, our calculations give some idea of the 
effects to be expected from more refined models. 

Figure 1 shows the variation of the plane of polarisation, ¢, 
as a function of observing energy for the one-temperature 
model, seen at a polar angle 0, of 41 °, An observer above the 
disk (8) < 90 °) sees a clockwise rotation (not anticlockwise as 
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Fig. 2 Variation of linear polarisation with energy for the one- 
temperature model, with A, a/m == 0.9981: B, a/m = 0.9: C, a/m 
0. Same parameters as Fig. 1. 


we stated previously!). There is still an effect when the black 
hole is non-rotating (a/m = 0). This is because the disk itself 
is rotating, and the ‘pick-out’ still operates. Figure 2 shows the 
degree of polarisation for the same parameters. 

The two-temperature model has an outer region with the 
same structure as the one-temperature model, but it becomes 
optically thin and hot at a transition radius of r S 50 gravi- 
tational radii. Above a threshold energy the radiation from 
the inner region is, locally, rotated by 90° compared with the 
optically thick case. So classically one would expect the polarisa- 
tion vectors of photons coming from the outer and inner re- 
gions to be seen as perpendicular. When general-relativistic 
effects are included, and the ‘pick-out’ effect is integrated over 
the inner region, the observed plane of polarisation is not 
aligned with the projected polar axis, but has an additional 
jump, of the order of 10°, and the plane then has a constant 
direction at higher energies. Figure 3 shows the value of this 
jump in angle as a function of a/m, the angular momentum 
parameter, 

Individual polarisation rotations can be determined analy- 
tically using the constant of motion found by Penrose and 
Walker. This is a complex number, constant along null geo- 
desics in type (2, 2) space-times (the most astrophysically 
relevant of which is the Kerr metric). Its modulus is the con- 
stant of motion found by ‘Carter’, and its argument contains 
the required information about polarisation rotations. The 
constant is 


Kow = K fh ally} ~ IML gy) Fa cee 
where x“ is the photon wavevector, f° is the polarisation vector, 


(2°, n*, m”, m”) is the null tetrad based on the repeated principal 
null directions of the Kerr metric™®, and Y, is a complex 
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function coming from the Weyl tensor. In Kerr we find (using 
Boyer—Lindquist coordinates") 


Kw = (a-iB) (r-ia cos®) = K-K, 





where a = (k°f'—K'f%)-+a sin? (kff) 


and B = (r?+-a*) sinO(K?f?-K3f%)-a sinO(K°f?-K3f?) 


Also we have k.f =.0, and f is only determined to within a 
multiple of k (so we can choose f° = 0 at any fixed point). 

For a given disk model we can evaluate a and ß at the point 
where a null ray leaves the disk, from a knowledge of the initial 
polarisation vector. We then have to solve three linear equations 
for the three space-like components of f at infinity. We find for 
orthonormal components 


f'o) = 0, 
f(x) = (-SK,-TK,)(S?+T?) 


f(x) = (SK,-TK,)((S?+T*) 
where S = (L,/sin®.—a sin 0) 

and T = sgn (k®),.(Q-Lz* cot?0y+ a? cos?6,)¥/? 

here Q and L: are constants of motion along the ray. In this 


way we obtain, after integration over the disk, the results 
shown in Fig. 1. 


isk 











DÒ 
K9) 
A 
a 
£ 
= 
g 107 
5 
2 
E 
z 
3 
ae 
w 
5 
i ; 
6 05 i 


Black hole angular momentum (a/m) 


Fig. 3 General-relativistic jump for the two-temperature model, 
as a function of black hole angular momentum. Same parameters 
as Fig. 1. 


Our previous numerical results for ¢ differ from the exact 
values by only about 1%. 

We thank Roger Penrose for pointing out the analytic con- 
stant. Dennis Sciama for his help, and Drs T. Piran, G. Bath, 
J. Miller and Mr S. J. Rose and D. Pooler for helpful suggestions. 
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Quantum uncertainty in 
the final state of gravitational collapse 


THE ratio of the action S to f (Plancks constant/27) determines | ae 


whether the physical system in question is to be treated classically 
or quantum mechanically. In the area of classical physics the ratio 


S/his large compared with unity, and the governing equations are - 


given by6S = 0. Quantum mechanics begins to be important when 
S < f,andthedefinitiveapproach ofclassical physicsis replaced by 
quantum uncertainty. We discuss here the behaviour of a physical 
system which is initially in the classical domain (S > fi) but whose 
later development may well take it into the region of quantum 
uncertainty. We consider a specific example of this—the gravi- 
tational collapse of a spherical dust ball. While classically such a 
dust ball ends up in a space-time singularity, the corresponding 
quantum mechanical result suggests a range of final states some of 
which are non-singular. 

The explicit solution obtained here ignores pressures which have 
an important role in the gravitational equilibrium of stars. But 
classical relativity predicts that a space-time singularity develops 
in a body undergoing gravitational collapse in a fairly general 
and ‘reasonable’ set of physical conditions'*. Thus pressures 
satisfying ‘physically reasonable’ equations of state are not able to 
prevent this fate for those stars which become black holes towards 
the end of their evolution. For such stars S eventually becomes — 
small enough for the above quantum considerations to become 
important. In these cases the above solution gives a qualitative 
indication of the probable types of final states. 

The classical relativistic equations are derived from the vari- 
ation of an action given by 

c 2 gdy | ü ‘| 
S= ve [a g)? d*x —E | md q) 
Vv 
where c is the speed of light, G the gravitational constant, R the 
scalar curvature of space-time, g the determinant of the metric 
tensor g: The second term of S is the action describing. the 
behaviour ofa system of particles labelled by a, with massesm,. We 


may add other terms to S to include other possible physical. 


interactions like electromagnetism. Vis the 4-volume of space-time 
underconsideration. Intheclassical approach, we may think of Vas 


the region sandwiched between two chronologically ordered = 


spacelike hypersurfaces £, and L,. The specification on 2; ofa 3- 
geometry G,, and “'G,, together with the field equations, __ 
obtained from ôS = 0 would lead to the determination of the 3-05 
geometry ‘°G, on E, (see ref. 3). i 

The classical approach is a good one so long as S > fi, where 
nh = h = Planck's constant. For most situations discussed in 
general relativity this condition is satisfied. But in the gravitational 
collapse of a compact object S may become small enough to be of 
the order f close to the singularity. It therefore becomes necessary 
to examine this problem from the quantum mechanical point of 
view. Here we adopt the path integral approach. 

In this approach, non-classical geometries, that is, those not 
satisfying 6S =0 are permitted and the above sandwich problem is 
rephrased thus. Given two 3-geometries, G, on X, and G, on 
E, what is the probability amplitude for the system with the given 
action (1) to go from one to the other? The answer may be 
expressed as a propagator KG, Z2:'°'G,, Z,] which is obtained 
by the Feynman rule of sum over histories*. 

In practice the execution of this project is extremely difficult and 


has not been done in the general situation. It is, however, possible < 


to obtain an exact solution under a very limited form. Since this 
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form gives an insight into the gravitational collapse problem, it is 
described below in brief. 

Following DeWitt? we take into consideration only the confor- 
mal degrees of freedom. Suppose the classical solution of ôS = Qis. 
described by a metric g,,. Consider non-classical solutions which 
are conformal to the classical one 


Six = By (2) 


where Q is the conformal function. From (2) we get 


[wires = (Q?R—-6Q,Q')( —#! dix + surface (3) 
D term 


V V 
where on the right hand side the quantities refer to the classical 
metric. In the summing over histories we now have only the 
histories of Q from £, to E.. 

The problem is further simplified for the case of a collapsing 
homogeneous ball of dust in an otherwise empty space-time®. In 
terms of the comoving coordinates r(<r,), 0, ®, t, the classical 
solution is given by the line element 


5 d 2 > 
d? = cdr? — ool +r? (d0? + sin? | (4) 
pes r 
in the interior of the ball. The scale factor Q(2) is taken to be unity at 
the start of the collapse when the density was po. The Einstein field 

equations 6S = 0 give 


; bag 82Gp 
Q? = ca( 32) a = ae (5) 


The singularity(Q = 0) develops ina t-interval 2/(2ca!/*). We will 
denotethisinstant by = 0. Asweareinterested in the final stages of 
collapse, we will approximate the solution of (5) by 


3e 273 
Q = (Zen) T?, T= (=)! (6) 


Consider now the quantum fluctuations which preserve the 
symmetries of the problem. These are the conformal fluctuations 
for which Q is a function of z only. We denote £, and E, byt = f, 
(T = T,)and t = t),(T = T,) respectively. Following the tech- 
niques of path integration‘ it is possible to compute K exactly. The 
answer is best expressed in terms of the departure from the classical 
solution (Q =1) 


p = Q-] (7) 


Given ® = ®, on Z, and ® = ®, on E, we have 


K(®,,T,:,,T,) = C 
3i V pyc? 
-PEL T HT, oro 

cen gl iT, 4) @ 7 + 


HT,-27,) 790,427,770, 0} (8) 


where F is the coordinate volume of the ball. 

This kernel has the reproducing property and its significance can 
be seen in the following way. Suppose at E, the state of the dust ball 
is described by a wave packet of dispersion A, in ®, 


1 ia 0, 
F@,A,) = (sexs) exp "4A? (9) 
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whereA, < |. Thenat®,,with|r,| < j1,|, the stateis described bya 
wave packet with a mean ¢®,> = 0 and a dispersion 


hi ae Fj gs, Ae 
= (aera) it) pn ao 


Thus, however small A, may be, equation (10) shows that A; 
diverges as T,—0, (#,-+0). In other words, although the wave 
functionat/,continuestohavetheclassicalsolution(®, = O)asthe 
mean, the spread around this solution gets progressively larger as 
the so-called classical singular epoch is approached : (10) effectively 
tells us where the quantum uncertainty begins to dominate. For a 
solar mass dust ball with pọ = 1 g cm~ >, the linear shrinkage must 
factor 10° *? before the quantum uncertainty takes over. 

Although the smallness of this ratio indicates the range over 
which the classical theory is valid, the ultimate dominance of 
quantum uncertainty as 1—0 seems inescapable. 

This solution can also be used to discuss the early stages of a 
Friedmann universe. A few years ago Hoyle and Narlikar’ had 
suggested that the quantum fluctuations in a classical big bang 
model might produce models without particle horizons (which 
inhibit the transfer of information). It is interesting to note that the 
range of uncertainty indicated by A, permits such models. 
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Origin of diffuse interstellar lines 


Since their discovery over 40 years ago, the origin of the 
diffuse interstellar absorption lines has been a mystery 
although there have been many suggestions put forward. 
Developments in spectroscopy and astronomy have intensi- 
fied rather than reduced the mystery. This letter takes into 
account some of these recent developments and suggests a 
rather definite (but unconfirmed) identification of the lines. 
Excellent surveys of the diffuse interstellar lines have been 
given by Herbig’ and by Wu’, so the many studies of these 
lines will not be mentioned again. For our purposes, it is 
sufficient to note that the strongest line which lies at 
4,428 A has a half width of 20 A, and that 38 weaker lines 
of varying strengths and widths lie at longer wavelengths. 
The strength of the lines is strongly correlated with regions 
in space containing interstellar grains (particularly small 
grains) and there is strong evidence that all the lines arise 
from a single species or from closely related species. The 
only feature in the spectrum lying to the violet of 4,428 A 
which seems to be related to the diffuse lines is a con- 
tinuum in the 2,200 A region but this must certainly involve 
much higher electronic states of the absorbing species. 
The line widths of the diffuse lines are the unique 
characteristics which differentiate them from all identified 
interstellar lines. The line widths which vary between 1 and 
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100 cm™ seem to preclude assigning the lines to transitions 
between discrete states of free atoms or molecules (which 
at the temperature of the interstellar region give bands 
narrower than the 40-100cm™’ widths of most of the 
stronger lines). Many suggestions have been made regard- 
ing the origin of the lines. The line widths have been 
accounted for by assuming either that the absorbing species 
is pre-ionised or predissociated in its excited state, or that 
the absorbing species is on or in an interstellar grain where 
site inhomogeneities account for the line widths. The first 
of these hypotheses suffers because in spite of numerous 
studies of most of the abundant simple molecules and 
atoms, it has not been possible to identify the absorbing 
species. A second difficulty with the predissociation hypo- 
thesis is that each absorbed photon destroys the absorber 
and an efficient process must exist to restore the popula- 
tion. The second hypothesis also suffers because it has not 
been possible to identify the species which is responsible 
for the absorption. More important, considering the prob- 
able wide variation of sizes and compositions of the grains, 
it is difficult to conceive a system of grains and absorbers 
which will give the observed discrete set of lines with 
widths down to a few cm™ and give series of lines extend- 
ing only to the red of the strongest line at 4,428 A. Danks 
and Lambert? have shown that for a certain reasonable 
range of molecular moments of inertia, dipole moments 
and collision rates, the shapes of some of the diffuse lines 
can be fitted by band contours of heavy molecules. They 
do, however, have difficulty in fitting the wider lines and 
probably in accounting for the wide range of bandwidths. 

Here I suggest that the lines are caused by the absorp- 
tion of polyatomic molecules and that the line width is the 
result of radiationless internal conversion between stable 
states. Furthermore, I propose that the absorbing species 
are long chain carbon molecules, C, where n may lie in 
the range 5-15. The direct evidence to support this is very 
meagre indeed but this suggestion seems to account for the 
observations without straining our present concepts of 
spectroscopy or astronomy. 

A radiationless internal conversion results from an 
interaction between the levels of an excited electronic state 
and the higher vibrational levels of a lower state*. The 
process causes each rotational line of an electronic tran- 
sition to be replaced by a band whose width depends on the 
interaction energy. This interaction energy varies greatly 
from one state to another and even from one vibrational 
level to another in the same electronic state. The band 
widths can be predicted only by very elaborate calcula- 
tions but widths in the 1-100 cm™' range are not unusual. 
For all but the most simple molecules, the band consists 
of such a high density of lines that it is for all practical 
purposes a continuum. Following the absorption of radia- 
tion in this band, the molecule will lose its excitation 
through a series of vibrational transitions. Thus, in mole- 
cules displaying this type of radiationless transition, diffuse 
bands are not accompanied by dissociation. It is worth 
noting that internal conversions are not rare phenomena 
but exist in most polyatomic molecules and are par- 
ticularly important for the larger molcules. 

Recently HGN (ref. 5), HC:N (ref. 6), and HGN 
(H. W. Kroto et al, submitted for publication) have 
been identified by radio observations of dense inter- 
stellar clouds. It seems most likely that this series will be 
extended to at least HCN once the spectrum of this 
molecule has been identified in the laboratory and it is 
reasonable to assume that long chain acetylenes, which 
have no dipole moment and thus cannot be observed, are 
more abundant than the observed cyanoacetylenes. How 
these long chains of carbon atoms are formed is unknown 
although their existence is firmly established. It can, there- 
fore, be suggested that similar long chains of carbon 
atoms, either formed by the same process or released from 
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clouds, exist in the less dense interstellar regions. In the 
less dense regions, these chains may lose any hydrogen 
they had or acquire, by photodissociation and exist as pure 
carbon chains. We may further postulate that the shortest 
of the chains {C} Cs, C,) are photodissociated but chains 
beyond a certain length can lose the energy absorbed in 
the form of radiation by the internal conversion process 
and are not readily photodissociated. 

Pitzer and Clementi’s’ calculations on the structures and 
electronic states of long chain carbon molecules agree with 
the experimentally observed high stability of these mole- 
cules, and indicate that the stability of chains with odd 
numbers of atoms is greater than those with even numbers. 
These calculations, which give only a qualitative picture of 
the absorption spectra, indicate that the smallest of the 
molecules should show strong absorption bands in the 2-eV 
(6,000-A) region with the corresponding absorption shifting 
to the red with increased chain length. Some alteration 
between chains with odd and even numbers of atoms is 
also expected in the position of the absorption spectrum 
with the odd tending to lie to shorter wavelengths. The 
simplest polyatomic carbon molecule, C:, is known to 
have a strong absorption band at 4,050 A (ref. 8) and there 
is evidence that C, has absorption bands in the 5,000-A 
region’. Therefore, if we examine the spectrum of a 
mixture of C, molecules in which the abundance of Cy, 
decreases as n increases and n has a certain lower limit 
such as 5, we should expect to find a series of bands 
extending to the red from a strong band in 4,000~5,000-A 
region. 

The facts and postulates given above suggest that the 
strong 4,428 A band arises from the absorption of a C, 
molecule where n is a number such as 5, 7 or 9. The 
absorption bands at longer wavelengths result from the 
various absorptions of longer chains. The known correla- 
tion between these absorption bands and small interstellar 
grains seems reasonable since at least some fraction of 
these grains may be nothing more than an aggregate of 
carbon chains. It is possible that some of the interstellar 
extinction in the ultraviolet, which is usually attributed to 
small interstellar grains, may be due to absorption into 
the higher electronic states of long chain carbon molecules. 

The present hypothesis has the following merits: (1) It 
associates the observed absorption with very stable mole- 
cules which are composed of one of the most abundant 
elements and which have absorption bands in the region of 
the observed lines. (2) It accounts for the absence of lines 
at wavelengths shorter than the strong 4,428-A band. (3) 
It presents a process which could give the observed fine 
widths and which does not involve the dissociation of a 
molecule with the absorption of each photon. (4) There is 
evidence that long chains of carbon atoms exist in at least 
some interstellar regions. (5) The association of the absorp- 
tion bands with small interstellar grains seems natural. 


The weakness of this suggestion lies in the lack of 


experimental evidence for the several postulated mech- 
anisms. It has been assumed that radiationless transitions 
between stable states account for the line widths of the 
diffuse lines and may also protect the long chain molecules 
from photodissociation by ultraviolet light. It has been 
assumed that photodissociation destroys the short chain 
carbon molecules and removes other atoms, particularly 
hydrogen, from the chains and it has been assumed that 
the absorption bands of long chain carbon molecules lie at 
the positions of the observed diffuse lines. It may be pos- 
sible to devise experimental test for some of these assump- 
tions. Thompson, DeKock and Weltner’ have observed the 
infrared spectra of several long chain carbon molecules in 
argon matrices and there have been several mass spectro- 
metry studies’. Experimental studies of the electronic 
spectra of such carbon molecules should be possible in the 
near future. 
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Carbonaceous 
compounds in interstellar dust 


SEVERAL infrared bands found recently in astronomical 
sources have not been assigned to specific substances in 
a convincing way (see refs 1-6). Resonance features in 
solids seem to be the most plausible emission and 
absorption mechanisms, but the features cannot be identified 
with known or suspected compounds in the interstellar 
dust grains such as silicates, water ice, silicon carbide, 
or graphite. We propose here a new substance, consisting 
of carbonaceous material, which may be responsible for 
some or all of the unidentified infrared features. 

The infrared bands for which there are no positive 
identifications, or for which the identifications rest on 
the assignment of a single band, are listed in Table 1. 
The band at 3.3 um has been studied in greatest detail. 
It is definitely broader than a single emission line and 
is unresolved at a spectral resolution of A/AA ~3,000, 
ruling out the most attractive molecular candidates for the 
feature’. The apparent temperature independence of the 
feature and its presence in sources with widely differing 
physical conditions also makes a molecular origin seem 
doubtful. Here we interpret all of the features in Table 1 
as solid resonance bands. 

References to the other emission bands are given in 
Table 1. Less than ten sources containing these features 
have been observed so correlations among them are not 
yet firmly established. It seems that the presence of the 
3.3-4m band and the 11.3-am bands is not correlated, but 
the presence of the 3.4-um and 11.3-4m bands might be. 
Emission features at 6.2 um and 7.7 um were discovered 
by Russell er al. in the spectrum of the planetary nebula, 
NGC 7027. Observations at these wavelengths are just 
beginning to become available, and the sparsity of sources 
at this time is merely an observational effect. We have 
also listed the band at 11.3#m as ‘unidentified’ despite 
previous suggestions of a carbonate origin, since subsequent 
observations did not reveal expected carbonate features 





Table 1 Unidentified infrared emission bands 





Wavelength (um) Objects Refs 
3.3 Planetary nebulae, HH regions, galaxies 2, 3, 6 
3.4 Planetary nebulae, HII regions 2, 6 
6.2 Planetary nebula (NGC 7027) 5 
TT Planetary nebula (NGC 7027) 5 
8.7 Planetary nebulae 1,17 
11.3 Planetary nebulae, HHI regions, galaxies 1, 4, 17 
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at 7am and between 28 and 35 um (refs 1, 4). Therefore 
this identification must still be regarded as provisional. 

Strong emission near 3.3 um is highly suggestive of 
a substance incorporating carbon—hydrogen bonding since 
this is the well known wavelength of the fundamental C-H 
stretching vibration. Absorption bands between 3 and 
3.5 wm are observed in carbon stars and some of these have 
recently been identified as HCN and C,H, by high-resolution 
spectroscopy’. The existence of organic molecules which 
may participate in particle formation near carbon-rich 
objects is therefore well established. It is also plausible 
that in some cases the C-H bond is associated with a solid 
particle. The C-H could, for example, be attached to a 
matrix such as the observed silicate particles or the con- 
jectured graphite grains. It is unlikely, however, that this 
is the case for all the sources since silicate emission or 
absorption does not necessarily accompany the unidentified 
bands. A more likely configuration would be a particle 
composed largely or entirely of carbonaceous material 
in which the C-H bonds are an ubiquitous component 
in an assemblage of organic molecules. Theoretical studies 
indicate that in a carbon-rich atmosphere, molecules such 
as CH; would condense to form a graphite-like substance 
or carbon particles which would contain at least a small 
admixture of C-H bonded material”. 

Grains formed in stellar atmospheres and expelled into 
a circumstellar environment, planetary nebula, or the 
interstellar medium would have a complex nucleation and 
growth history as well as a complex history of interaction 
with radiation and particles. While the resulting composition 
and structure of such grains is very uncertain, it seems 
plausible that they would be composed of a mixture of 
a large number of compounds reflecting the many chemical 
and physical processes to which the material has been 
subjected. For grains forming in a carbon-rich environment, 
one would then expect an ill-defined substance of high- 
molecular weight compounds with polymer or tar-like 
properties. Note, however, that the 3.3-um band should 
be present in almost all organic compounds or combina- 
tions of them which condense to form solid particles. 

The material we propose would resemble the high 
molecular weight organic compounds found in the 
carbonaceous chondrites. The major organic component in 
carbonaceous chondrites is a poorly defined substance which 
is apparently difficult to study in detail. The material is 
often called a ‘polymer’, but it is in fact not made of repeat- 
ing monomers and seems to be an agglomeration of various 
units arranged in complicated ways'’. This polymer-type 
material makes up 90% to 95% of the organic matter 
in meteorites. The hydrocarbons and amino acids in the 
chondrites are included in the soluble 5-10% of the organic 
matter. 

There may be further similarities with organic material 
synthesised in conditions resembling planetary atmospheres. 
Methane and ammonia, have been subjected to electrical 
discharges", ultraviolet radiation”, and proton irradiation”. 
In all cases high molecular weight, polymer-like solid 
material is formed. Khare and Sagan pointed out the 
similarities between the synthesised material and the organic 
compounds in carbonaceous chondrites’. This material 
may, however, differ in substantial ways from condensation 
products in stellar atmospheres where conditions do not 
resemble those in the experiments or in the solar nebula. 
In this case, the present comparison is quite qualitative and 
based on the assumption, suggested by the arguments 
above, that similar carbonaceous material might form in 
disparate environments. On the other hand, circumstellar 
shells surrounding protostars are also likely formation 
sites for interstellar grains“. Grains formed there might 
resemble the carbonaceous meteoritic material quite closely. 

The infrared spectra of some of these compounds are 
shown in Fig. 1 which includes spectra typical of the 
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meteoritic and synthetic materials. This comparison is 
subject to numerous uncertainties due to differences in 
sample preparation in the experiments. Particularly signifi- 
cant is the effect of the solvents on the material and 
that different extracts of the materials were measured. 
Nevertheless the spectra provide a qualitative comparison 
of the infrared properties of some of the organic compounds 
which form in the rather different conditions used in the 
experiments, and which may have analogues in the 
interstellar dust. 

All of the spectra contain the expected strong absorption 
near 3.3 am. The materials tend to be transparent between 
3.6 and 5.7 wm and have a strong band located somewhere 
between 5.8 and 6.1 um. This is identified as the vibration 
of C=C (ref. 11). Since this bonding would also be expected 
to be common in carbonaceous grains, we suggest that the 
grain feature at 6.2 wm (Table 1) is a C=C vibration. 
There is a discrepancy in band position between the 
astronomical spectra and the spectra of Fig. 1 of 0.1-0.5 um 
which would have to be explained by a shift between the 
solid and dissolved material or perhaps by particle size 
and shape effects. Band displacements of a few tenths of 
microns are frequently observed in particle spectra”™. 

The spectra between 6.5 and 15 um are different from 
each other and from the interstellar emitter. There seem 
to be real differences between the synthetic and chondritic 
materials. In the ‘spectrum of Russell er al.*, the 7.7-um 
emission seems to extend from 7.5 to 8.5m. While there 
is an overlap with an absorption probably due to C-O 
vibration between 8 and 9 ym, this is not a very convincing 
similarity. No strong feature near 11.3 um occurs in the 
laboratory spectra. Either the 11.3-em band is not 
due to carbonaceous material or is it due to a polymer 
somewhat different from those shown in Fig. 1. In this 
picture, however, it has a different molecular origin 
than the 3.3-um feature. Unfortunately, the nature of the 
absorptions in this wavelength region complicates inferences 
derived from the spectra. Bands near 11.3 um do occur 
in some organic compounds, for example the methyl group 
~CH; has an absorption at this wavelength. The 8-14-~m 
region is characterised by many overlapping bands of 
organic molecules often not readily assignable to specific 
fundamentals. Conversely, the patterns are complex enough 
to characterise molecules as a whole. If the identification 
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of the fundamentals suggested above proves correct, bands 
in the 8-14-um region could provide more detailed 
information on the particle composition. 

The carbonaceous material would probably be strongly 
absorbing in the visible or ultraviolet. Small particles of 
this material would be heated efficiently, possibly accounting 
for the high temperatures required to account for the 
emission bands in a nebula like NGC7027 (ref. 2). In 


regions where different solids occur (as distinct particles), `- 


temperatures would depend on the individual particle 
compositions through the emissivities and absorptivities. 
Small carbonaceous particles with strong ultraviolet 
absorption would reach elevated temperatures if their 
infrared emissivity is not too high. This could explain why 
the unknown features always seem to be in emission 
even when the silicates are in absorption. 

The material proposed here is related in some ways to 
the graphite-like material which has long been suspected 
as a possible grain constituent. Unlike some previous 
suggestions, the carbonaceous particles would not have 
to meet stringent requirements on size, shape, or purity, 
at least to give the degree of agreement with the infrared 
observations discussed above. There seem to be similarities 
in the grains and in carbonaceous chrondrites’*. Further 
laboratory and observational work, especially in the 
5-14-~m wavelength region, may show whether a second 
meteoritic material, the organic polymer-like material in 
carbonaceous chondrites, also has an analogue in the 
interstellar dust. 

I thank J. Bregman for pointing out that the 
methyl group has an 11.3-4m absorption and for useful 
comments. 
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Lateral variation of phenocryst 
assemblages in volcanic 
rocks of the Japanese islands 


To understand the origin of calc-alkaline rocks and island 
arc volcanism, knowledge of the lateral variation of the 
petrological characters of volcanic rocks is essential. The 
lateral variation of chemical compositions of volcanic rocks 
has been investigated by several authors’ and correlated 
to the depth of the Benioff zone. The east volcanic zone of 
Japanese Islands, which contains about 140 discrete 
Quaternary volcanoes, is the most extensively studied 
volcanic zone in the world, I have examined the petrological 
data of these volcanoes, particularly with respect to the 
phenocryst assemblages in volcanic rocks and their changes 
during the history of respective volcanoes. The references 
have been mostly taken from 200 papers compiled by Isshiki 
et al’. 

The volcanoes are classified into three groups on the basis 
of the presence or absence of hornblende and biotite 
phenocrysts in essential materials: (1) those without biotite 
and hornblende phenocrysts in any of the lavas or pyro- 
clastics; 2) those with hornblende phenocrysts but without 
biotite phenocryst at least in one lava flow or pyroclastic 
rock; and (3) those with biotite phenocrysts at least in one 
lava or pyroclastic rock. The distribution of the volcanoes 
of these three groups is shown in Fig. 1. 

Volcanic rocks containing biotite phenocrysts were 
erupted only in the western part of the volcanic zone, 
whereas those which do not contain any hydrous mineral 
phenocrysts were erupted in the eastern part of the volcanic 
zone, Volcanoes in a belt situated between the above two 
belts erupted rocks containing only hornblende as hydrous 
mineral phenocryst. 

Phenocrysts such as pyroxene, hornblende, and biotite 
are considered to be precipitated in a magma reservoir or 


Fig. 1 Distribution of Quaternary volcanoes in Hokkaido and 
northern Honshu. @, Volcanoes without biotite and hornblende 
phenocrysts in any of the lavas or pyroclastics; © those with 
hornblende phenocrysts but without biotite phenocryst at least 
in one lava flow or pyroclastics; open circles represent those 
with biotite phenocrysts at least in one lava or pyroclastics. 
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during the ascent of magma. The lateral variation outlined 
above may be due to the lateral change in physicochemical 
conditions of magma reservoirs across the volcanic zone. 
It may also be due to a lateral variation in the chemical 
composition of the original magmas, for example, their 
alkali contents—especially the K,O contents’ and possibly to 
the variation of H:O contents in the original magma which 
may increase westwards across the volcanic zone. 

I thank Professor I. Kushiro and Dr R. H. Grapes for 
their comments and criticisms. 
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Rare earth element mobility 
and geochemical 
characterisation of spilitic rocks 


HELLMAN & Henderson’ have demonstrated the enrichment of 
the rare earth elements (REE) in the lower spilitic portion of the 
Bhoiwada lave profile relative to the fresh tholeiitic flow top. The 
remarkable feature of the REE distribution in the spilites was the 
absolute enrichment of all the elements and not only the light REE, 
as occasionally seen in oceanic basalts due to submarine weather- 
ing*. Thus the enhanced spilite REE destribution resembles either 
alkali basalt or tholeiitic differentiation products rather than 
tholeiitic basalt. As stated', the high degree of REE mobility 
suggests that these elements must be used with caution in 
determining the initial magma type or volcanic environment of 
ancient spilitic rocks. 

At face value the REE distribution in the spilites is very similar to 
that exhibited by the more alkaline units of the Deccan basalts? *. 
This feature suggests the possibility that the Bhoiwada profile may 
not be a single flow unit at all and the fresh tholetitic ‘top’ may bea 
different unit to the more ‘alkaline’ spilite base. Although the 
section is described as gradational*-*, there are primary textural 
differences (pillowed/massive; ophitic nature; vesicularity and so 
on) between tholeiite and spilite, and the contact seems sharp (see 
photomicrographs and photograph in refs 5 and 6). If the sub- 
aqueous (flow “base’)~sub-aerial (flow ‘top’) origin postulated for 
the flow’ is correct, then it lacks some of the features described for 
such lava flows”® and does not adequately explain why spiliti- 
sation should have stopped abrupted at the water~air interface. 
Also the considerable REE distribution gap (Fig. 2a of ref. 1) 
between tholeiite and spilite might lend support to the differences 
in the two zones, especially as there is no apparent gradational 
increase in normalised REE patterns with progressive spilitisation. 
This is particularly noticeable in the sudden jump of the La/Yb 
ratio’ from tholeiite to spilite and also the chemical similarity 
between the spilite and the (separate) basal pillow lava unit. 

Irrespective of whether the profile represents a single unit or not, 
however, independent criteria are required to characterise the 
spilite and compare it with the fresh tholeiite. A variety of 
geochemical (and mineralogical) parameters, which will give the 
same characterisation, are necessary to determine the nature of 
ancient altered volcanics. Vallance®-? has advocated the use of 
relict pyroxenes to determine the magma type of spilitic rocks. In 
the case considered here, the pyroxenes in both tholeiite and spilite 
are low-Ca augites of tholeitic character and are similar in 
composition®. Apart from the REE, other relatively ‘immobile 
elements’, such as Ti, P, Zr, Y and Nb, have been used to determine 
magma type'®:!! and again demonstrates the tholetitic nature of 
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Table 1 Variation in chemical parameters from the Bhoiwada profile!.® 


Tholeiite 
Samples I H 
Whole rock 
Zr;TiO, 0.010 0.015 
ZriP O, 0.058 0.115 
La; Yb 5.4 5.5 
FeO*/MgO 2.15 1.99 
Fe,0,/FeO 0.27 0.59 
H,0F : 0.87 2.46 
Pyroxene fractions (2 Fe/Mg, at, %) 
Light 0,42 0.38 
Medium oi = 0.77 
Heavy ` 0.65 1.07 


Spilite 


H IV V (core) V (rim) 
0.012 0.010 0.013 6.011 
0.120 0.100 0.026 0.025 
14.0 12.4 13.2 13.1 
1.78 1.75 2.46 1.55 
0.46 0.65 0.56 0.85 
1.47 1.71 4.61 7.44 
0.39 0.37 
0.66 0.62 








the spilite on the basis of the TiO2-Zr/P205 diagram (Fig. 3 of ref. 
12). But, there are differences (as well as clear similarities) between 
the rock units in terms of'immobile element ratios (Table 1). Note 
in particular the more fractionated character of sample Hê (sample 
2 of ref. 1) relative'to. sample I (sample 1) as shown by the higher 
Zr/TiO, ratio (see refs:13 and 14 for usage of this ratio). This is 
substantiated by the higher 2Fe/Mg ratio of the separated heavy 
pyroxene fraction from sample H, although not apparently by the 
lighter fraction (Table 1). The spilites have similar Zr/TiO, ratios 
to the freshest tholeiite (sample I) and thus exhibit a similar degree 
of basaltic differentiation. 

This example from the Bhoiwada profile illustrates the use of 
variable discriminatory parameters applied to spilitic rocks (com- 
pare ref. 13), but is at variance with the REE ‘alkaline’ designation. 
But, before any spilite with apparent ‘alkali basalt’ characteristics 
is dismissed as an REE-enriched tholeiite, we need first, to check 
the designation against other geochemical and mineralogical 
criteria (as above) and second, to test the degree of REE mobility 
against some alteration parameter, such as H,O*, in each 
situation. With pillow lavasit is also customary to compare the rim 
and core portions to determine the zone of possible enrichment. 


10+ 
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Fig. 1 Variation of La/Yb ratio 
with hydration in various basaltic 
and spilitic rocks. a, Fresh. and 
altered tholeiites and alkali bas- 
alts, mainly from the modern ocea- 
nic environment (data from refs 2, 
4. 18-20, 23-33). x, Alkali bas- 
alts: @. tholetitic basalts: ©, 
spilites/greenstones. 4, Variscan 
spilites from western Europe (data 
from refs 21, 22 and unpublished, 
@. Tholeiitic spilites;. x. alkali 
basalt spilites. R = rim: C =core.c, 
Bhoiwada profile tholeiites and 
spilites (data from refs 1, 6) com- = 
pared with some Deccan basalts 
(data from refs 3, 4 and 16). I. 
Fresh tholeiite; (J, spilitic rocks; 
> +, Deccan basalts. ¢ Summary 
~ diagram showing development of 
various trends for La/Yb. NAT, 
no. alteration trend: HAT, hy- 
drous alteration trend: BAT, 
Bboiwada alteration trend. 
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I now briefly examine the effect of progressive hydration (as 
H,0*) on the REE in relatively modern basalts and compare the 
distribution and fractionation (as the La/Yb ratio) with spilites 
from the Variscan of western Europe. Within this framework the 
Bhoiwada basalt-spilite fractionation pattern can be compared. It 


must be emphasised that H,O* is only one of several possible i: : 


alteration parameters!>, although in view of the development of 
hydrous low-grade assemblages in spilites and also hydrated glass 
in modern sea-floor basalts, it seems the most appropriate. 
(compare ref. 13). 

Figure la is a plot of relatively recent tholeiitic and alkaline 
basalts mainly from the oceanic environment and shows their 
separation on the basis of the La/Yb ratio (representing light to 
heavy REE fractionation). The relative position of continental 
tholeiites is indicated schematically, due to the general lack of 
H,O* determinations and is based on data from various loc- 
alities+!®!7, The common La/Yb range for continental tholeiites 
is about 2-7 (with a few values up to ~ 10), whereas continental 
and oceanic alkali basalts show a much wider range with La/Yb 
~ 11-40 (Fig. la and ref. 17). Associated oceanic island tholeiites 
and alkali basalts from Hawaii’? show La/Yb ranges of 3.9-6.8 
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and 7.8~15.6 respectively and coupled with the above data provide 
an approximate magma type divide at La/Yb of ~ 7-8. 

The ocean floor/ridge tholeiites in Fig. laexhibit two trends with 
increasing hydration--(1) increasing La/Yb in samples with 
HO” > 3%, by weight and (2), no change in La/Yb, irrespective of 
H,O* content, even up to very high values (10% by weight). Both 
of these features are seen in basalts that have suffered low- 
temperature alteration with palagonitisation of glass and de- 
veloped smectitic clays, carbonate, Fe oxides and rare zeolites. 
Also higher temperature alteration, exhibited by recent ocean floor 
rocks and generally termed greenstones or spilites (for example refs 
19 and 20), show no significant change in the La/Yb ratio with 
progressive hydration. Unfortunately there is a lack of analyses of 
sufficiently altered alkali basalts to show any similar trends, 
although within any one volcanic province the variation is minimal 
(up to 2°, H20% by weight) in rocks of similar basaltic com- 
position. 

Figure 1+ shows the variation of the La/Yb ratio with hydration 
in various Upper Palaeozoic spilites from western Europe. This 
includes REE data from north-western Germany?!??, 
south-western England, Brittany and southern Portugal (un- 
published data by PAF). The south-western England data 
includes both intrusive sills and pillow lavas that have been 
designated as tholeiites or alkali basalts on the basis of the 
distribution of other ‘immobile’ elements (refs 11, 13 and Table 2). 
Note that the La/Yb ratio increases with progressive hydration 
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enrichment?*, but not to the degree as illustrated by the Bhoiwada 
spilite. As seen in Table 2, the pillow rims are enriched relative to 
their cores, with the enrichment in both cases being almost entirely 
due to Ce and to a lesser extent Sm. 

Figure lc shows the Bhoiwada lava data!:® and various Deccan 
basalts**:'®, which characterised by high La/Yb ratios suggest an 
‘alkaline’ character for these particular samples. Compared with 
the alteration trends derived from Fig. la and b, the development 
of the Bhoiwada spilite is unusual in showing a marked La/Yb 
enrichment without any attendant H,O* increase. Also, if the 
basal pillow lava unit was originally tholeiitic, the whole pillow has 
been REE enriched such that the rim and core have developed 
similar La/Yb ratios. The pillow lava, due to its high H,O* 
content, could fall on the end of the altered basalt/spilite trend of 
Fig. la and b. Certainly the form of variation exhibited by the 
Bhoiwada profile is different from that seen elsewhere and may 
define another (abnormal?) trend. It is difficult to see what this 
difference may be due to, as the Bhoiwada alteration products 
(chlorite, albite, prehnite, laumontite*) are not markedly different 
from the mineralogy of some ocean floor spilites. Adsorption of La 
(and other REE?) by layer silicates has been suggested! as a factor 
in determining REE distribution patterns, although equally 
chloritic spilites (or clay-rich altered basalts) do not show such a 
high degree of enrichment in the marine environment. 

In conclusion, it seems that the REE can be fractionated during 
alteration, although the trends of alteration in such cases can still 





Table 2 Variation of immobile element ratios and chemical alteration criteria in associated portions of massive and pillowed spilites from south-western 





England 
Massive sill Pillow lavas 
Sample no. CG12 CG16 PP7 PP7 PP10 PP1O 
Portion Central Margin Core Rim Core Rim 
H,0* (weight °4) 3.96 5.53 2.77 2.88 2.67 3.56 
Fe,0,/Fe0 0.10 0.12 0.37 0.34 0.23 0.63 
2 REE (p.p.m.) 27.19 24.83 100.97 113.07 102.13 120.44 
La/Sm 2.2 2.8 5.2 3.6 4.8 3.5 
f 5.3 5.6 12.2 10.4 10.9 10.1 
0.005 0.007 0.006 0.006 0.006 0.005 
0.086 0.076 0.053 0.060 0.092 0.055 
0.40 0.40 1.14 1.15 1.00 1,50 
Immobile 
element Tholeiitic basalt Alkali basalt Alkali basalt 


classification 


Common augite + rare 
pigeonite exsolution 
lamellae 


Clinopyroxene 
type 


(no pyroxene relicts) 





(especially in samples with H,;O* > 3% by weight) in a similar 
manner to one of the trends exhibited by the altered oceanic floor 
tholetites of Fig. la. Although the La/Yb ratio in the altered 
tholeiites increases towards more alkaline values (~ 10) this only 
takes place at a relatively high level of alteration (5-6% H,O* by 
weight) and would only be confused with alkali basalts if their 
La/Yb ratio remained constant at the same level of alteration. The 
alkali basalt designated spilites (largely from south-western 
England) have typical alkaline La/Yb ratios and are separate, in 
terms of alteration trends, from the tholeiitic spilites. In the alkali 
basalt pillow lavas the La/Yb ratio marginally decreases from core 
to rim (Table 2). de Paepe et al.’ have also demonstrated the lack 
of variation in pillow lava segments with core and glassy crust 
La/Yb ratios being essentially the same, although the H,O* 
content is considerably different. 

Together with variation in the ocean floor basalts, the plotted 
spilite data suggests variation of the La/Yb ratio with alteration, 
although the trends of variation seem to still allow spilitic tholeiites 
to be distinguished from spilitic alkali basalts. The total content of 
REE in spilites derived from known basaltic parents shows a small 


be used to distinguish tholeiites from alkali basalts. To determine if 
alteration has changed the La/Yb ratio of a basaltic suite it is 
necessary to use a plot such as Fig. 1, before this ratio is applied to 
petrogenetic modelling. The designation of spilitic rocks to one 
magmatic series or another is important in elucidating the nature 
of ancient volcanism and must be determined using a variety of 
geochemical ‘immobile’ parameters. Figure Id summarises the 
alteration trends and marks a boundary between altered tholeiites 
and alkali basalts. This division remains highly tentative, however, 
until alkali basalts, hydrated to the same level as some tholeiites, 
have been analysed to check if any change in their La/Yb ratio 
takes place. Ifnot, then alkali basalts with La/Yb ratios of ~ 10-12 
will overlap with altered tholeiites containing 5-6% H,O07* by 
weight. Both the no-alteration trend (NAT) and the hydrous 
alteration trend (HAT) are characterised by greenschist facies 
spilites and very low-grade alteration (submarine weathering) of 
basalts. What factors determine which of these two main trends 
develop is unclear (longitivity of burial; sedimentation rate; 
nature of lava units?) and in particular why do modern spilites 
follow NAT and ancient spilites follow HAT? The Bhoiwada trend 
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(BAT) is also shown, although further studies are required to 
substantiate this type of alteration. 
I thank Dr J. A. Winchester for helpful comments. 
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Transuranic depositional 
history in South Greenland firn layers 


THE surface layers of the Greenland ice sheet have preserved a 
continuous and detailed record of atmospheric fallout of transu- 
ranic nuclides from weapons tests over the past 30 yr. The ages of 
the glacial strata were determined by 210Ph geochronologies. We 
found that the influence of remobilised soil debris with their sorbed 
transuranics does not seem to be important, and that fallout 
maxima occurred in the 1950s and 1960s for 239+ 240Dy and in 
1965-66 for 238Pu. This work may be extended by using alpine 
glaciers in mid-latitudes for a reconstruction of fallout patterns 
over the past three decades and for an evaluation of present day 
dispersions of these nuclides as a consequence of atmospheric 
fallout and other possible entries through the nuclear fuel cycle. 
The observed or measured stratigraphic layers found in glaciers 
of the polar regions are very attractive for studies of the various 
species of atmospheric fallout including pollutants. Although 
glaciers are found at nearly every latitude of the Earth, it is the in- 
land areas of the Greenland and Antarctica ice sheets that provide 
the most reliable stratigraphical relations’. This is because 
summer melting is negligible or non-existent, and orderly sequen- 
tial buildup is not destroyed by percolation. The snow or firn and 
the dissolved and particulate substances are essentially immobile 
following deposition? A number of geochronologies, both 
radiometric and stratigraphic, allow the introduction of time 
frames into the layered systems; in many instances, the season of 
the year, as well as the year itself, can be identified”. The fluxes of 
some metals from the atmosphere to the glaciers over the past 
-centuries and millenia have identified both the anthropogenic and 
natural contributions*~®. The fallout of nuclear debris from 
weapons testing has been observed in both the Arctic and 
Antarctic glaciers through gross £, °°Sr and '*’Cs measure- 
ments?~!3. With increasing concerns about the dispersion of 
transuranics in our environment, it was of interest to develop the 
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pollution history of Pu and Am isotopes from a Greenland ice 
sheet location. Ro 

During the 1975 field operations of the Greenland Ice Sheet 
Program (GISP) a 30-m deep, 7.6-cm diameter firn core was 
augered at a location designated “South Dome’ Greenland 
(63°31.6'N, 44°34.5’W). The June 1975 surface serves as the zero 
depth horizon. A lightweight mechanical drill was used'*. Both the 
core and thechips formed during drilling were collected in the same 
polyethylene bag from each approximate l-m run of the drill. Afters: | 
being transported frozen to the US, the 4-9-kg samples (dependent. o 
on the general increasing density with depth) were transferred to - 
10-1 polyethylene containers, rapidly melted in a microwave oven 
and acidified to a pH of 1 with HNO3. 

The chemical analyses were performed on the residues obtained 
by the evaporations of the 4-9-1 of melt water. Pu analyses were | 


carried out!>. Following melting, the waters were acidified with 
HNO, . Later, spikes of Pbcarrier and the tracers ?**Puand***Am 
were added. The Am contents were determined by a modification. — 
ofan unpublished method’. 7!°Pb assays were made by a routine 


method developed at the Scripps Institution of Oceanography*’, 

The sedimentation rate over the 30-m profile averaged I-myr™* 
for the gross glacial material or 0.6 m yr~' of water equivalent, © 
after density corrections on the basis of ?)°Pb chronology (Fig. 1; 
ref. 18). This value compares well with the accumulation rate 


determined on the basis of firn stratigraphy and oxygen isotopes ` : 


(Dansgaard et al., personal communication). 





Table 1 24'Pu/239+24°Pu ratios, computed at various depths in the 
Greenland Glacier for the year 1962 


Depth (m) 


Time 
water equivalent (yr) 241/239 +240 py 

0- 0.58 0-1.0 31.4 
0.58- 1.06 1.0-1.7 35.3 
1.06- 1.45 1.7-2.4 45.0 
1.45- 1.83 2.4- 3,0 21,5 
1.65-2.14 3.0-3.5 26.9 
2.14- 5.28 3.5-4.2 Ha 
2.58- 3.10 4.2-5.1 15.6 
3.10-4.14 5.1-6.7 13.2 
4.14- 5.16 6.7-8.5 32.0 
5.16- 5.73 8.5-9.4 14.1 
5.73- 6.37 9.4-10.4 16.0 
6.37- 7.03 10.4-11.5 17.1 
7.03- 7.72 11.5-12.0 18.9 
7.72- 8,46 12.0--13.0 11.5 
8.46- 9.02 13.0-14.8 16.9 
9.02~- 9.51 14.8--15.6 {1.1 
9.51-10.3 15.6-16.9 8.6 
10.3 -10.77 16.9-17.7 11.8 
10.71-11.77 17,7-19.3 20.5 
11.77-12.3 19.3-20.2 23.2 
12.3-12.9 20.2-21.1 21.6 
12.9-13.5 21.1-22.1 26.4 
13.5-14.1 22.1-23.0 28.6 
14.1-15.4 23,0-25.3 24.7 
15.4-16.5 25.3-27.1 39.2 
17.8—19.2 29.2--31.5 32.8 





*For 0-13.9 yr ago, the 2+! Pu/?*?* ?*°Pu are normalised to a parameter of 
241Pu in July 1962 at which time the level of 7*'Am was zero. For times 
13.9-22.1 yr ago. a similar normalisation was made to 1954. For earlier 
times, the 24! Pu is calculated assuming **!Am was zero at this time and 
decay is taken into account. 


The Pu and Am isotopic concentrations as a function of time of 
deposition or of depth are shown in Fig. | with the 210Ph 
concentrations which were used to establish one of the chrono- 
logies. Two distinct maxima are observed for 239+ 240Dy for the 
periods 1963-65 and 1955-60. A third maximum may exist in the 
strata deposited between 1946 and 1948, and may reflect the 
Nagasaki, Hiroshima and/or Almagordo, New Mexico weapon: 


detonations. The 738Pu profile in the glacial deposits is similarto 


that of the 239*?#°Pu up to 1966. The input of this isotope fromthe 
burn-up of the SNAP-9A device in 1964, is not recorded in the 
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Fig. La-d,?3°*240Py, 2338Py, 241 Am and 2!°Pb activities in the Greenland Ice Sheet. e, + The 238Pu/239 *24°Py and 241 Am/239 +240py activity ratios 

in the Ice Sheet, The timescale is based on the 2!°Pb geochronology. The counting errors for these nuclides were higher for the surface samples, asa 

consequence of small sample size, and for the deeper samples, as a Consequence of low concentrations of the nuclides. The average counting errors and their 

ranges (in parentheses}are: 7°9*?4°Py, 7.4% (2.8-15.6): 74! Am, 13° (6.2-33): and 238 py/239 + 240P, 312. (125-53), For 2! Pb, the counting errors were 3% 
or less for all samples. 
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glacier until 1966. The patterns of 74! Am levels are in concord with 
that of 73%*?4Pu: this nuclide grows in from the decay of its 
parent 2*'Pu, produced in weapons testing along with the other Pu 
isotopes. 

The most extensive record of plutonium fallout from the 
atmosphere as a function of latitude (for samples collected 
between October 1970 and January 1971) has been carried out by 
the Health and Safety Laboratory of ERDA in New York!”. Soil 
samples to a depth of 30 cm, with a surface area of 622 cm? were 
collected at 65 sites. The assumption was made that the soils were 
undisturbed and had integrated weapons fallout over the past 
25 yr or so. There is, however, strong evidence that soils can be 
mobilised by winds and waters with a consequential alteration of 
the fallout record. Coastal sediments often show increasing 
239+240Pu fluxes from the 1950s to the present, whereas if 
stratospheric fallout were the only entry, maxima would be 
expected in the late 1950s and early 1960s. 

The contribution of soil mobilised >? *?4°Pu to the amount of 
these isotopes in the Greenland ice sheet can be estimated in the 
following way. Windom’° has indicated that the fallout rate of 
particles in a Greenland glacier is 21 mg per cm? per 10° yr. If we 
assume a Pu activity of 1.0 d.p.m. per g for atmospheric particles, 
similar to that observed for northern hemispheric dusts!>, then the 
remobilised soil debris is contributing 2.1 x 1075 d.p.m. per cm? 
per yr. For surface samples of the glacier, there is an accumulation 
rate of 60 cm, water equivalent per yr. or 0.06 kg per cm? per yr'. 
Using a 73°*?4°Pu concentration of 0.01 d.p.m. per kg for the 
surface strata of the glacier, the total flux of 73°*?4°Pu is of the 
order of 6 x 10° + d.p.m. per cm? per yr. Thus, the soil remobilised 
239+ 240Pu may contribute the order of 5% of the total burden of 
these isotopes in the glacier. 

On the basis of the soil record, there has been a cumulative 
fallout of 7°°*?4°Pu for northern latitudes between 60° and 70°N 
of 1.6+1.0 mCi km”? up to 1971. Our integrated value for the ice 
sheet accumulation through 1975, 0.7 mCi per km’, agrees with 
the previous value. 

Through a comparison of transuranic and ?!°Pb concentrations 
in a sample collected about 14°N of the one analysed in this work 
(Camp Century, 77°10’N, 61°08’W: elevation of 1,886 m)”, it 
seems that there may be a uniform fallout of these nuclides over a 
wide area in Greenland. The Camp Century collection was made in 
1965 and the upper layers which were analysed represented snow 
deposited between the Autumn of 1964 and the Summer of 1965. 
The concentration of the nuclides in the Camp Century surface 
layers and ‘South Dome’ 6 m stratum, corresponding to a time 
about 1965, are: 72°*24°Pu, 11.3+0.003 and 9.3d.p.h. kg~?; 
Am, 2.74018 and 2.3d.p.hokg~': 23%Pu/?3?*?4°Pu, 
0.012 +0.003 and 0.026 +0.005. The 7!°Pb of the Camp Century 
and of a site analysed by Windom?°, both decay corrected to the 
same time, are 96.4+2 and 100 d.p.h. kg” '. These arrangements 
help dispel the idea that perhaps the results are site specific for any 
given glacier sample. 

Finally, we have examined the **'Am fallout record in relation 
to that of 77°*?4°Pu. It is generally assumed that the 74+! Am in the 
environment today arises nearly completely from the decay of 
74 Pu (half life 14.9 yr) produced in nuclear weapons tests. 
Although a large number of tests have contributed 7*!Pu to the 
environment, we have obtained the ratio 7+! Pu/??°*?4°Pu for July 
1962 for samples deposited after this time period, for 1954-62 for 
samples deposited in this interval and for years before 1954. These 
calculations are described by Livingston el a/.?!. These anthors 
indicate that a ratio of 13-14 in fresh debris for the 1961-62 
US/USSR tests is representative and clearly our results following 
the 3.5 most recent years seem to agree with these data. The most 
recent values of the ratio, ranging from 21.5 to 45, are perhaps 
explicable by inputs from recent Chinese tests. It should be pointed 
out that because of small sample sizes, these ratios are less accurate 
for the near surface and pre-1954 samples. 

This research was supported under a Contract with the Energy 
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Angiosperm fossils from latitude 70°S 


WE have found fossil angiosperm leaves more than 1,000 km 
further south than any other previously reported. Speci- 
mens were obtained in situ by R. W. B. from tuffs in a 
volcanic sequence in the eastern Elgar Uplands of northern . 
Alexander Island (Fig. 1). Hitherto in Antarctica, angio- ` 
sperm macrofossils have been reported only from the | 
northern Antarctic Peninsula area in Tertiary sediments on 
Seymour Island' and in volcaniclastic sequences on King 
George Island, South Shetland Islands’, although angio- 
sperm microfossils, mainly pollen, have been found in 
erratics of marine sandstone from the McMurdo Sound 
area’. The source area of these latter specimens however, 
is not known, and it is well known that some pollens, in- 
cluding that of Nothofagus, can be transported in detectable. - 
quantities over large distances’, No macro plant fossils seem 
to be associated with the McMurdo Sound pollen. 

The flora from the Elgar Uplands is poorly preserved but: 
includes the impressions of at least two kinds of leaf (Fig. 2). 
Numerous carbonised films and moulds, representing- 
accumulation of logs and branches, also occur in north- 
western Elgar Uplands. The most common kind of leaf 
(Fig. 2a—c) reaches in excess of 10 cm long and the venation 
suggest that it had a broad-based ovate outline, although 
the margin is not clearly delineated on any of the specimens. 
There is a straight slender mid-vein from which secondary 
veins branch at angles of 30-40°. On one possible variant 
(Fig. 2d) this angle of secondary origin is 50° or more. Small 
fragments of the leaves indicate that each vein terminates 
in a serration at the leaf margin (Fig. 2a and b). Similar 
leaf characteristics are commonly observed on specimens 
from the South Shetland Islands, some of which have been 
illustrated as Nothofagus or ‘Fagus™. Although the present 
examples are considerably larger than modern species of 
Nothofagus occurring in Patagonia, they are comparable 
in size with others from New Guinea, New South Wales and 
the Queensland rain forest. A second kind of leaf (Fig. 2f 
is much broader than the first, has an entire margin and añ: 
obtusely pointed apex. The mid-vein is slightly sinuous and 
gives off thin and curved secondary veins at irregular - 
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Fig. 1 Maps of Antarctic fossil angiosperm localities. a, Lesser 

Antarctica: Al, Alexander Island; MS, McMurdo Sound; 

SI, Seymour Island; SSI South Shetland Islands. b, Geological 

map of northern Alexander Island, showing the newly discovered 
fossil leaf locality (arrow). E, Elgar Uplands. 


intervals. The secondary veins seem to have stout tri- 
angular bases where they join the mid-vein, but it is possible 
that this is an accident of preservation rather than an 
original feature. A fragment of leaf base (Fig. 2e) shows 
irregular venation which suggests closer affinities to the 
second kind of leaf than the first. 

The plant-bearing tuffs occur in a sequence of tuffs, lavas 
and agglomerates, more than 500 m thick’ which crops out 
over most of Elgar Uplands. The lavas are dominantly 
basaltic with phenocrysts of zoned labradorite, augite and 
hypersthene. Only one andesite has been recorded but 
alteration may preclude their petrological determination. 
Hornblende together with labradorite are common con- 
stituents in the tuffs. All the rocks are extensively altered 
with abundant calcite, epidote, chlorite and pyrite, and 
there is widespread silification. A much later stage of 
volcanism in the area is probably represented by isolated out- 
crops of fresh vesicular breccias, palagonite breccia and a 
vesicular olivine basalt plug. These are closely comparable 
with late Cainozoic volcanic rocks described from Beethoven 
Peninsula, Alexander Island’. 

Beneath the volcanic sequences there is a thick succession 
of deformed sedimentary rocks, assigned to the late 
Palaeozoic on the basis of fossil spores’ and general 
similarities to comparable rocks elsewhere in the Antarctic 
Peninsula’’, A late Triassic marine fauna however, has 
recently been obtained from the (? ) upper part of this 
sequence". 

Field relationships thus set only broad age limits on the 
plant-bearing tuffs and their precise age is difficult to assess. 
A K/Ar date of 70 Myr was obtained from a tuff in the 
lower part of a supposedly related sequence in the nearby 
Colbert Mountains” and this suggests a post-Cretaceous age 
for much of the volcanic successions. The leaves are too 
poorly preserved to be identified with certainty but they 
show some resemblance to those in the South Shetland 
Islands. Few published accounts of these are available, 
although one flora from King George Island was assigned to 
the Miocene on palaeobotanical evidence’. Associated lavas 
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have now been dated at about 60 Myr (R. J. Pankhurst, 
personal communication). 

These fossils indicate that at some stage in the Tertiary, 
Alexander Island was colonised by arborescent angiosperms, 
and their proven in situ occurrence is extended 1,000 km 
south of the northern Antarctic Peninsula area. It is un- 
likely that Antarctica has moved much since 40 Myr ago” 
and therefore they point further to a considerably warmer 
climate than now at approximately the same latitude. The 
large size of some leaves (>10 cm) could be interpreted to 
favour the existence of a warm-temperate to subtropical 
climate", but it is unlikely that the present flora is indica- 
tive of more than ordinary to warm-temperate conditions. 

Evidence has been cited for early and late Cainozoic 
glaciation in Antarctica, but a review of the data” suggests 
that full-bodied ice sheets developed first in Greater An- 
tarctica sometime after the Lower Miocene (25 Myr ago) 
and at a later date in Lesser Antarctica. This is supported 
by fossil evidence from the Ross Sea™ where microfloral 
remains in Oligocene glacial deposits are interpreted as 
representing cool-temperate vegetation, which was finally 
eliminated in the Miocene. 

Although the fossil angiosperm leaves described in this 
paper are undoubtedly the southernmost yet known, the 
occurence of degraded plant tissue, cuticle and vascular 
fragments, in the Oligocene deposits in the Ross Sea, is 
thought to indicate a nearby vegetation source in that 
area". Knowledge of the area suggests that, if the source 
rocks are still preserved, they are hidden by ice. 








Fig. 2 Camera lucida sketches of fossil angiosperm leaves from 
Elgar Uplands, Alexander Island. 
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The fossils are housed in the collections of the British 
Antarctic Survey at Cambridge. We thank Dr Leo J. Hickey 
for helpful discussion. The radiometric age date from the 
South Shetland Islands was determined by Dr R. J. 
Pankhurst from specimens collected by Dr S. D. Weaver. 
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Megafaunal biomass in the deep sea 


THE conventional notion of the deep-sea ecosystem has 
been one where a rain of fine organic particles from above 
provides food for a great diversity of small creatures living 
in and on the sediments’’. These, the meiofauna and 
macrofauna, live as deposit feeders, suspension feeders, and, 
in lesser proportion, as carnivores preying on other mem- 
bers of the fauna. The macrofauna in turn are thought to 
provide food for the generally more carnivorous mega- 
fauna, the echinoderms, decapods, and fishes. Although no 
data have been published concerning the abundance of the 
deep-sea megafauna in terms of biomass, the assumed 
trophic relationship and the Eltonian concept has led to the 
common feeling that the biomass of this component must 
be small in comparison to the meiofaunal and macrofaunal 
biomass’. Our data show that, on the contrary, the mega- 
faunal biomass approaches that measured in the macro- 
fauna. This observation re-focuses attention on the question 
of food supply to the deep sea, and implies that previously 


aean. 


Table 1 Abundance and biomass of demersal fishes on the continental slope and rise 





Mean Area No. per No. of 

depth (m) surveyed (m?) 1,000 m? trawls 
497 1,548 56.7* 8 
996 2,580 27.1* 4 
1,329 1,517 4.6* 6 
1,507 2,614 26.2* 4 
1,768 6,320 12.8 2 
1,800 2,101 4.2* 3 
1,814 1,820 11.6* 2 
1,815 3,372 8.9 1 
1,960 12,524 7.9 2 
2,066 1,656 13.3 2 
2,332 7,666 3.8 3 
2,426 24,712 6.1 2 
2,474 15,948 4.4 3 
2,786 2,786 4.2 4 


auanei 


Columns 1-3 contain data from the submersible; columns 4-7 are from trawls at the same approximate depths. Abundance data marked with - 


an asterisk are from Grassle ef al.*®, 
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suggested falls of large dead animals from the pelagial’’ 
may be important. E 
As part of a general study of the distribution and ecology 
of deep benthic communities, we have made 116 trawl 
collections on the continental slope, rise, and abyss in the ~ 
western Atlantic south of New England. Our principal gear 
for deep bottom trawling has been a 41-ft Gulf of Mexico © 
shrimp trawl of 2.5-cm stretch mesh and fished with steel 
V doors. We have used a smaller 16-ft semibaloon trawl at 
slope depths. The animals obtained have been identified to 
species, counted, and weighed wet, usually after preserva- | 
tion in 10% formalin. From these data, we have determined 
mean wet weight per specimen for every taxon as a 
function of depth. Absolute abundance estimates were _ 
derived from photographic series made with a pair of E.G.& 
G. cameras mounted on DSRV ALVIN and fired at a rate 
of one frame per 10s as the submersible cruised along a. 
measured transect. Over 3,500 frames have been analysed > 
from eight dives (436, 583, 586, 587, 589, 590, 591 and 592) 
in the same area where the trawling was carried out. 
Absolute abundance times mean weight within the appro- 
priate depth interval gives the biomass. The data for deep 
benthic fishes, which comprise as a group about 40% of | 
the total wet weight of megafaunal biomass in our trawl _ 
collections, are shown in Table 1. nN 
The only previously available data concerning macro-. | 
faunal biomass off southern New England does not differ a 
significantly (P>0.65) from the megafaunal (fish) data ofo 
Table 1. Most of these data, however, were taken with: 
anchor dredges and seem to underestimate biomass consider- 
ably. New data on macrofaunal biomass off southern New ._ 
England, obtained from 57 DSR V-operated box-core samples 
sieved through a 0.42-mm screen, were therefore used, and i 
are plotted in Fig. 1. Total megafaunal biomass is obtained | 
by extrapolation from the data of Table 1, using the actual 
weight percentage comprised by fish in each of the 46- 
trawls as the conversion factor. 
Figure | compares macrofaunal and megafaunal biomass _ 
in the deep water south of New England. They are essen- 
tially of the same order of magnitude. The assumption that 
the biomass of the larger animals is relatively insignificant‘ 
seems to be unfounded. Unless turnover rates in the macro- 
fauna are relatively very high—and all the evidence suggests 
that this is not the case*’’,—the megafaunal biomass cannot. 
be supported by the macrofauna. The megafauna must. 
therefore depend to a considerable extent on food arriving 
from pelagic regions in the form of large, fast-falling 
packets, that is, the bodies of fishes, whales, squids and 
decapods. Based on observations made with a baited deep- 
sea camera, it has been suggested that this source could | 
form an important fraction of the nutrition for the deep-sea. a 














No. of Total Mean Density 
specimens weight (g) weight (gm~*) 
451 21,599 47.9 2.72 
24 2,173 90.5 2.45 
158 21,466 135.9 0.63 
94 20,757 220.8 5.78 
315 61,370 194.8 2.49 
317 61,830 195.2 0.83 
18 3,041 168.9 1,96 
2 500 250.0 2.23 
52 26,946 518.2 4.09 
85 29,797 350.6 4.66 
118 61,308 519.6 1.97 
27 8,795 325.7 1.99 
25,676 427.9 1.88 
127 35,382 278.6 1.17 
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Fig. 1 Biomass against depth in macrofaunal infauna (O) and 
megafauna (x). The regression line is for the infaunal data 
(log,o8 (g m~?) = 1.44—0.41Z(km); r == —0.58, P < 0.001). 


benthic ecosystem*. Our data support this idea. Further 
support is found in studies of the food habits of Coryphae- 
noides armatus, the dominant macrourid fish on the con- 
tinental rise. This species accounts for as much as 80% of 
the fish biomass there and depends on large pelagic creatures 
for its food'™”, 

The need to search wide barren areas for a few randomly 
occurring food items and the fact that the metabolic 
demands of a large animal are less per unit weight than for 
a small one” should select for large efficient seekers in the 
deep-sea megafauna. Figure 2 shows the relationship between 
mean individual fish weight and depth, based on the trawled 
material of Table 1. There is a dramatic increase at the 
beginning of the rise near 2,000m. The ‘bigger—deeper’ 
phenomenon, shown here for all fish taxa combined, applies 
as weil within individual species and seems to be quite 
common in deeper-living marine fishes”. (Our data indicate 
that only a few megafaunal invertebrates are ‘bigger— 
deeper’, and the red crab Geryon is ‘smaller—deeper’ (ref. 
14.) The efficiency of large deep-benthic fishes is evidenced 
by the rapidity with which they assemble to baited cameras’. 

Based primarily on studies of the meiofaunal and macro- 
faunal elements of the deep-sea benthos, it has been sug- 
gested that small forms should dominate food-limited 
associations”, Our consideration of the megafaunal fishes 
implies just the opposite. The point is that both life styles 
are possible in the deep sea, particularly in the case where 


Fig. 2 Mean weight of fish against depth. Data from Table 1. 
The regression is significant (W(g) = 0.18Z(m)-~57.3:r = 0.73, 
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the faunal components are relatively independent of one 
another. Where mobility is important, large size will be 
selected for, but where the ability to live in a fine-grained 
sediment and to feed on a thin organic layer is important, 
small size will be the rule. 

We thank R. Carney, J. F. Grassle, R. R. Hessler, H. L. 
Sanders, and R. D. Turner for their comments on the 
manuscript. C. H. Clifford and P. T. Polloni assisted in the 
photo analyses and at sea. D. M. Cohen was the principal 
observer on all ALVIN dives, and has provided help and 
encouragement of this work in all its stages. Support came 
from the NSF and the National Oceanic and Atmospheric 
Agency. 
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Ultradian rhythms in 
urine flow in waking humans 


THERE is evidence that neural oscillators may regulate 
the flow of urine, Mandell et al.' demonstrated ultradian 
rhythms in urine flow in catheterised patients during sleep, 
synchronised with the sleep REM~-nonREM cycles (REM, 
rapid eye movement). They attributed these rhythms to 
rhythmic secretion of antidiuretic hormone (ADH) during 
sleep. Others have demonstrated episodic secretion of ADH 
during sleep but no correlation with REM—nonREM cycles’. 
Reports™™ of ultradian rhythms of 90-100 min analogous 
tc the REM-nonREM cycles in waking subjects in physio- 
logical, endocrine and psychological processes, suggested 
the existence of waking ultradian rhythms in the flow of 
urine. We report here two experiments which demonstrate 
these rhythms. 

In experiment 1 eight healthy, male college students 
aged 18-20 yr, paid to participate, and unaware of the 
hypothesis, avoided alcohol and drugs for 24h preceding 
the study. To avoid catheterisation, subjects were required 
to drink a constant amount of fluid and then to urinate 
as much as possible every 10min for the next 10h. Each 
began between 10:00h and 13:00h. Two subjects drank 
30 mil of commercial calorie balanced liquid food, two 
drank 50 mi of liquid food, and four drank 30 ml of liquid 
food plus 30 ml of water. Each sample was collected into 
a graduated cylinder and volume was measured to the 
nearest ml. After each voiding subjects were given a 
brief perceptual task lasting approximately 40s (ref. 10). 
When not voiding subjects were required to remain seated 
but could read, write, listen to music or talk to each other 
(all were tested in pairs). 

In the second experiment, 12 healthy, male college 
students, aged 19-25 yr were tested in a similar way. 
Subjects drank 25 ml! of fruit juice plus 25 ml of water. 
Part of each 10-min urine sample was frozen immediately 
for analysis, As before, after each voiding, subjects were 
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given a brief perceptual task and then remained seated 
until the next trial. 

In spite of the heavy experimental demands 17 out of 
the 20 subjects provided urine at all 60 attempts. Data 
for three subjects, two from the first experiment and one 
from the second, had to be discarded because they had 
failed to urinate on 10 consecutive attempts. Prominent 
ultradian rhythms were visible in the flow of urine for 
most subjects during the 10h. Figure 1 shows the record 
of a representative subject in the second experiment. 
The mean coefficients of variation (s.d./x) for urine 
volumes were 34.5% and 42% for the first and second 
study respectively; the overall range varied between 72% 
and 24%. Na* and K* concentrations measured by flame 
photometry for 11 subjects of the second experiment, and 
urinary osmolality measured with a freezing point osmo- 
meter for seven subjects, showed identical rhythms 
reciprocal in-phase to the rhythms in urine flow. 

The statistical significance of the ultradian rhythmicity 
was determined by time series analysis and inferential 
statistical procedures. First, the mean for each time 
series of urine volumes, K* and Na* concentrations and 
urine osmolality were subtracted from each data point, 
and the linear trend was eliminated. Then, autocorrelation 
functions were computed and the variance spectra were 
estimated’, Spectra were calculated for 10 orthogonal 
frequencies from 0 to 64.8 cycles per day, in increments 
of 7.2 cycles per day. For each variable, spectra were 
hanned (hanning is a smoothing procedure to increase the 
reliability of the spectral estimates) individually, normalised 
and then averaged across all subjects. Cross correlation 
functions, hanned, normalised cross spectra and cross 
spectral phase angles were also computed for the same 
10 spectral frequencies between all pairs of variables 
for each subject. Average spectra peaked at 14.4 cycles 
per day (corresponding to 1 cycle every 80-133 min) for 
all variables (Fig. 2). We had predicted that variance 
would peak in the spectra at 14.4 cycles per day, so we 
compared the variance at this frequency with variance 
at the adjacent spectral frequencies and with the mean 
variance at the rest of the spectral frequencies, by one- 
tailed ¢ tests. All six comparisons yielded significant t 
ratios in the expected direction (P < 0.05, or better). 

The ultradian rhythms in urine flow were clearly out of 
phase with electrolyte concentrations and osmolality 
rhythms. Pearson product moment correlations between 
volume time series and electrolyte concentrations and 
osmolality were negative for all subjects, and differed 
significantly from zero (P < 0.001) for all three variables. 
Similarly, cross-spectral phase angle analysis revealed that 
K*, Na* and osmolality were in-phase with each other 
and about 180° out-of-phase with urine volume. 

Our results demonstrate prominent ultradian rhythms 
in urine flow of waking subjects. Although we do not 
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Fig. 1 Time series constructed from raw data of urine volumes 

sampled every lOmin from 1200 until 2200. Spectral 

analysis revealed a dominant ultradian periodicity of approxi- 
mately 80-133 min per cycle. 
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Fig. 2 Average spectra for urine volumes (C}, n = 17), os- 

molality (O,n = 7), Kt (@, n= 11) and Nat (A, n= 11) 

concentrations. All spectra peaked at 14.4 cycles per day 
(corresponding to 80-133 min per cycle). 


know whether these were generated by the oscillatory 
processes underlying the REM-nonREM cycles and the © 
sleep urinary rhythms, the reciprocal phase relationships 
between volumes and osmolality indicates that rhythmic ` 
secretion of ADH is responsible for the rhythms in urine’. 
flow. The reports that all anterior pituitary hormones 
are secreted episodically during sleep and wakefulness 
support such an explanation’. But to test this endocrino- 
logical explanation we are repeating this study, making 
ADH measurements concomitant with urine sampling. 
The accumulation of evidence of ultradian rhythms in .- 
multiple organismic processes during both sleep and wake- 


fulness suggest that ultradian rhythms reflect an endogenous... 


‘biological hour’ of as yet unknown function and origin, i 
similar to the well documented 20-28-h circadian “biological 
day’. ee 
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Natural selection at the 
a-GDH locus in Drosophila 


THE molecular basis for the maintenance of a gene-enzyme 
polymorphism in natural populations of Drosophila melanogaster 
has been reported'. The locus under analysis codes for the subunit 
of a-glycerophosphate dehydrogenase, (2-GDH; E.C. 1.1.1.8) a 
homodimericenzyme: the primary function of thisenzymein adult 
muscle is to provide metabolic energy during flight?~’, and these 
alleles showed both spatial and temporal variations in frequency. 
A latitudinal cline was identified, in which the frequency of the 
a-GD-H® allele decreases southwards along the eastern US coast®. 
The «-GDH* allele was also found to increase in frequency during 
cooler months in several New England populations®. We eval- 
uated several biochemical parameters using partially purified 
enzyme from the three common genotypes and uncovered tem- 
perature-dependent differences in Km, specific activity, and re- 
action rate constancy!. Based on the population and biochemical 
data an argument was provided that environmental temperature 
was operating as a selective agent in demanding the relative 
frequencies of the two alleles at this metabolically important locus. 
We present here additional evidence to support this proposal, 
based on an evolutionary pattern of coincidence. 


Activity (%) 





Time at 39 °C (min) 


Fig. 1 Thermal stability of -GDH. Partially purified enzyme (see 

ref. 1 for procedure) was isolated from |-week-old Drosophila adults 

raised at 25 °C, Enzyme solutions at 39 °C were chilled, and assayed 

in a Guilford recording spectrophotometer, at 340 nm, for the 

reduction of NADH. ©, D. melanogaster s-GDH": A, D. melanog- 

aster «GDS, D. virilis, x, D. americana; +, D. arizonensis, @, 
D. willistoni; Ô, D. equinoxialis. 


The distinctive temporal and spatial patterns of allele frequency 
distribution, and the biochemical profiles discussed above, led us 
to refer to a~-GDH* as the cool-climate adapted allele, and a-GDH* 
as the warm-climate adapted allele. This is somewhat misleading 
since a-GDH" is always the most abundant allele, but as a relative 
statement the nomenclature is useful. We predicted that that if 
a-GDH function is sensitive to environmental temperature a 
parallel response should be observed in temperature-dependent 
kinetic properties if we compared «-GDH of species inhabiting 
primarily temperate rather than tropical habitats. The obser- 
vation of such parallel biochemical differentiation, in an evol- 
utionary time frame, should carry considerable weight for the 
selection model in spite of our inability to experimentally de- 
monstrate the exact in vive significance of differences found in 
cuvette assays. Since every other Drosophila species reported on 
the essentially monorphic at the a-GDH locus®'* our analysis 
would not be confounded by interspecific variation in our 
additional species samples. 
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Fig. 2 Apparent K,, values for the substrate, dihydroxyacetone 
phosphate (DHAP), for D. melanogaster, as a function of tempera- 
ture. The strains S mark and (©) carrying a-GDH", and Swedish-C 
(A) carrying a-GDH® were employed. Km at each temperature was 
determined from duplicate measurements of activity at each of 5 
substrate concentrations by fitting l/v, l/s data into a linear regression 
computer program. Concentrations of NADH were 120 uM 
throughout. Assay temperatures were maintained in the cuvette 
chamber by a Haake circulating water bath. Bars around repre- 
sentative points indicate standard error values. 


We examined three tropical species (D. willistoni, D. arizonensis, 
D. equinoxialis) and two temperate species (D. virilis and D. 
americana) (stocks provided by the Stock Centre, University of 
Texas, Austin: see ref. 13). Partially purified enzyme was pre- 
pared! from adult homogenates of each species as well as from 
strains of D. melanogaster homozygous for the two common 
alleles, and studied in several ways. We found that the elec- 
trophoretic mobility of a-GDH from each of the five additional 
species was indistinguishable from the «-GDH* allele of D, 
melanogaster in starch gels, in a variety of electrophoretic con- 
ditions (pH 6.8 or 8.8, in 9% or 14% starch, in a Tris-citrate buffer 
system; pH 7.8 or 9.8, in 9% or 14% starch, in a Tris-borate buffer 
system)'*. This pattern of conservation, with respect to elec- 
trophoretic mobility, for x-GDH has been noted before'*. But, we 
could detect rather large differences among the species’ enzymes 
by using thermal denaturation as a probe (Fig. 1). This observation 
supports a growing number of studies indicating that thermal 
stability analysis can detect hidden variation within a single 
electrophoretic mobility class'®'®. We suspect that although 
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Fig. 3 Apparent Km for DHAP for x-GDH obtained from; 0}, D. 
willistoni; A, D. equinoxialis ; O, D. arizonensis; $, D. virilisand @, 
D. americana. Assay conditions as described in Fig. 2 legend. 
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closely related species (for example D. virilis and D. americana, or 
D. willistoni and D. equinoxialis) have similar thermostability 
properties it is unlikely that their primary structures are the same. 
It is interesting to note that, as a general rule, enzyme from the 
tropical Drosophila species is less heat sensitive than enzyme from 
the temperate species. 

Kinetic studies (Fig. 2) confirmed the distinct Km against 
temperature patterns found for the D. melanogaster ‘fast’ and 
‘slow’ homozygotes'. The «-GDH* pattern showed temperature 
independence of affinity for substrate, while the a-GDH* pattern 
displayed a temperature dependent pattern in which increased 
substrate affinity and temperature were inversely related. This 
latter type of pattern has been referred to as positive thermal 
modulation’®, a mechanism by which, it is thought, reaction rate 
constancy is maintained over a range of environmental tempera- 
tures!®. Figure 3 summarises the data obtained for the five new 
species. D. virilis and D. americana, both temperate species, 
showed K,, against temperature profiles remarkably like the æ- 
GDH* pattern. In contrast, the three tropical species had profiles 
which, while similar within the group, clearly differed from the 
temperate species! (4-GDH* like) pattern. In contrast to a-G DHF, 
in which K,, remained essentially constant, the tropical species had 
a pattern of negative thermal modulation (K,, decreases with 
increasing temperature) over most of the temperate range. In any 
event the tropical species’ profile clearly more resembled the 
a-G DH pattern, especially at higher assay temperatures. Acti- 
vation energies were calculated from the data, and all species and 
genotypes had quite similar values (7.7 +0.8). (Energies of acti- 
vation determined by Arrhenius plots according to the formula in 
ref. 20). 

The coincidence of Km against temperature profiles described in 
the data, as predicted, seem based on species distribution rather 
than phylogeny. This observation strongly suggests that natural 
selection is operating at the a-GDH locus within the genus 
Drosophila, with temperature being the mediating agent. Note that 
this same conclusion has been drawn for «-GDH polymorphisms 
in two other insect species, Colias, a butterfly? *, and Cochliomyia, 
the screw worm??, We feel that a general pattern may emerge 
among all flying insects with a carbohydrate based energy 
metabolism, in which environmental temperature will be shown 
critical in the adaptation and evolution of flight enzyme kinetics. 

This work was supported by US NIH grant GM22866. 
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Genetic control of cell division in 
yeast cultured at different growth rates 


HARTWELL et al.’ have isolated a number of temperature- 
sensitive mutants blocked at various stages of the cell 
division cycle of Saccharomyces cerevisiae. A characteristic 
feature of any temperature-sensitive cell cycle mutant 
is its execution point in the cell cycle, that is, the point : 


in the cycle after which cells when shifted to the restrictive 


temperature undergo one further cell division. If cells are 
shifted to the restrictive temperature before the execution 
point, they are unable at the elevated temperature to com- ` 
plete any cell division. The execution point for a particular 


mutant is taken to be the stage in the cycle that the defec- 


tive gene completes its function. The execution point of 
mutant strain cdc28 is at an earlier stage in the cycle than 
other cell cycle mutants’, Detailed investigations of a num- 
ber of cell cycle mutants have suggested that the events in. 
early G, that culminate in the execution of the cdc28- - 
mediated step represent ‘start’. There is evidence that 
passing ‘start’ in the cycle represents a point of commitment 
to division. Before the execution of the cdc28- 
mediated step, ‘start’, yeast is capable of several develop- 
mental programmes but after this step it is committed 
to the mitotic cell cycle’. We report here that at generation 
times varying from 2.1-6.18h ‘start’? occurs approximately 
2h before division. At slower growth rates the length of 
time from ‘start’ to division increases somewhat. These 
results are similar to the finding in the bacterium 
Escherichia coli that the time from the initiation of 
DNA synthesis to cell division is independent of growth 
rate except at slow growth rates‘. 

A number of authors™” have shown that if one knows 
the percentage of cells in an asynchronous culture that — 
are past a particular event in the cell cycle, the stage — 
in the cycle that the event occurs can be determined. 
The execution point of a temperature-sensitive cell cycle” 
mutant can be calculated from the percentage increase 
in cell number after such a mutant is shifted from the 
permissive to the restrictive temperature, since this reflects. 
the percentage of cells that are past the execution point 
at the time of the shift. An allowance has to be made | 
for the fact that the age distribution of cells throughout 
the cycle is skewed, using an equation which describes 
the age distribution’. 

A strain that carries the mutation cdc28 has been | 
cultured at different growth rates at 24°C in batch- 
cultures by altering media composition and in chemostat 
cultures by altering the flow rate of the limiting nutrient, 
glucose. Cultures at different growth rates were shifted © 
to 38 °C and cell numbers after the shift were monitored. : 
Fig. 1 shows the effect of shifting cdc28 with a generation” 
time of 6.18h to 38 °C. Cell numbers continue to increase 
for a time until cell division stops and a plateau in cell. 
numbers is reached. The percentage increase in cell... 
numbers after the temperature shift is equivalent to the 
percentage of cells past the cdc28 execution point and 
from this data the stage in the cycle of the execution. 
point is determined using the equation of Howell and. 
Nabiloff?. In the experiment described in Fig. 1 the. 
execution point for the cdc28 gene product occurs at: 
0.42 of the cell cycle. 

Table 1 shows the percentage increase in cell numbers ~ 
after cdc28 cultured at different growth rates is shifted. 
to 38°C. The cell number increase is greatest at the: 
fastest growth rates and the percentage increase is least. 
at the slowest growth rates. Clearly, if in an exponential. 
culture many cells at the permissive temperature are _ 
past the cdc28 execution point, this event occurs at añn 
early stage of the cycle. Conversely, if only a few cells 
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Table 1 Effect of specific growth rate on the stage and time in the cell cycle of the cdc28 gene product execution point 








Specific growth Generation Percentage increase Stage in the cell Time before cell 
rate (h~) time (h) in cell numbers cycle of the cdc28 division of the cde28 
after shift to 38 °C execution point execution point (h) 
0.330 2.1 133 —0.12 2.5 
0.254 2.73 85.7 0.11 2.4 
0.180 3.85 57 0.35 2.5 
0.112 6.18 50 0.42 3.58 
0.032 21.6 21.4 0.72 6.05 


Haploid Saccharomyces cerevisiae cells of strain H.185.3.5 carrying the cdc28 mutation were grown at different steady state specific growth 
rates in a glucose limited chemostat at 24 °C in the media described in Fig. 1. Samples at different specific growth rates were removed from the 
chemostat, and diluted in fresh medium at 38 °C. Cell number was monitored at intervals as described in Fig. 1, until cell division at the 
restrictive temperature ceased. The percentage of cells that divided at the restrictive temperature was used to calculate the stage and time in the 
cycle of the cde28 gene product execution point using the equation described in Fig. 1. 


are past this event at the time of the shift then it occurs 
at a late stage of the cycle. Table 1 shows that stage in 
the cycle of cdc28 execution point is dependent on growth 
rate such that as the growth rate is slowed the execution 
point occurs later and later in the cycle. The time from 
the cdc28 execution point to cell division is constant in 
cells growing with generation times of 2.1, 2.73 and 


execution point for cdc28 occurs in the previous cycle 
to the division which it controls, is in keeping with the 
view that the cdc28 gene product decays slowly at the 
restrictive temperature. Others have suggested that the 
cdc28 mutation is ‘leaky’. 

Haploid yeast cells of ‘a’ mating type produce a small 
polypeptide ‘a factor’ of molecular weight 1,400, which 





Table 2 Effect of specific growth rate on the stage and time in the cell cycle of the a factor-sensitive step 








Percentage increase Stage in the cell Time before cell 


Specific growth Generation in cell numbers in cycle of the a factor division of the a 
rate (h~*) time (h) the presence of a factor-sensitive step factor-sensitive step 
factor 
0.256 2.7 56.9 0.13 2.35 
0.20 3.46 60 0.33 2.32 
0,15 4.62 42.8 0.49 2.36 
0.112 6.18 28.5 0.63 2.29 
0.076 9.1 26.6 0.65 3.18 





Haploid Saccharomyces cerevisiae cells of strain H185.3.4 carrying the cdc28 mutation were grown at different steady-state specific growth 
rates in a glucose limited chemostat at 24 °C in the media described in Fig. 1. Samples at different specific growth rates were removed from the 
chernostat, and diluted in fresh medium at 24 °C containing a factor. The a factor was purified as described previously’, and a concentration of 
a factor was chosen that produced greater than 95% unbudded cells and that inhibited budding for at least 8 h. Cell number was monitored at 
intervals as described in Fig. 1, until cell division in the presence of a factor ceased. The percentage of cells that divided in the presence of a factor 
was used to calculate the stage and time in the cycle of the a factor sensitive step using the equation described in Fig. 1. 


3.85h but at slower growth rates it expands in time. 
A possible explanation for this expansion is that the cdc- 
thermosensitive gene product decays quite slowly at 38 °C. 
It this is true then the gene product will continue to 
function for some time at the restrictive temperature, 
and consequently these cells will continue to divide. The 
result of this is that the execution point for cdc28 will 
seem to be earlier in the cycle than the time at which 
the gene product normally completes its function. Our 


contains a number of common amino acids". When the 
a factor is added to cells of ‘a’ mating type, the latter 
are arrested as small unbudded cells before the initiation 
of DNA synthesis. The point of a factor-mediated cell 
cycle arrest has been mapped within the sequence of 
three gene functions before the initiation of DNA syn- 
thesis, and it has been shown that the a factor-sensitive 
step is the same as that mediated by the cdc28 gene 
product’. 


observation (Table 1) that at fast growth rates the Because of the uncertainty attached to precise location 


Table 3 Effect of growing Saccharomyces cerevisiae in different media supporting different growth rates on the stage and time in the cell cycle 
of the a factor-sensitive step 








Culture medium Specific growth Generation Percentage increase in Stage in the cell Time before cell 
rate (h~?) time (h) cell numbers in the cycle of the a division of the a 
presence of a factor factor-sensitive step factor-sensitive step 
YEPD 0.247 2.8 57.0 0.35 1.83 
Proline 0.208 3.33 50.0 0.42 1.93 
YEPG 0.134 5.16 30.5 0.62 1,96 
Ethanol 0.084 8.3 22.0 0.71 2.41 
Acetate 0.082 8.5 21.5 0.72 2.38 


Haploid wild-type Saccharomyces cerevisiae strain A364a were grown on different media at 24 °C. The media were: YEPD, containing in 11 of 
distilled water, 10 g yeast extract, 20 g bactopeptone, 20 g glucose; proline, containing in 11 of distilled water, 2 g proline, 20 g glucose, 
1.4 g yeast nitrogen base without amino acids; YEPG, containing in 11 of distilled water, 10 g yeast extract, 20 g bactopeptone, 20 ml glycerol; 
ethanol, containing in 11 of distilled water, 20 ml ethyl alcohol 95°%, 5 g ammonium sulphate, 6.7 g yeast nitrogen base without amino acids; 
and acetate, containing in 11 of distilled water, 20 g potassium acetate, 6.7 g yeast nitrogen base without amino acids. All these media, except 
YEPG and YEPD, also contained 0.04 g tyrosine, 0.04 g lysine, 0.04 g histidine, 0.01 g uracil and 0.1 g adenine per |, trace elements and vitamins. 
Cultures were grown on rotary shakers at 24 °C. These media support generation times of 2.8, 3.33, 5.16, 8.3 and 8.5 h respectively. Samples at 
different growth rates were diluted in fresh YEPD medium at 24 °C containing a factor. Cell number was monitored at intervals as described 
in Fig. 1, until cell division ceased in the presence of a factor. The percentage of cells that divided in the presence of a factor was used to 
calculate the stage and time in the cell division cycle of the a factor-sensitive step using the equation described in Fig. 1. 
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in time of the cdc28 execution point, we have determined 
the stage and time in the cycle of the a factor-sensitive 
step for cells cultured at different growth rates in the 
chemostat and treated with æ factor; the percentage of 
cells that divide in the presence of a factor was used 
as before to determine the stage in the cycle of the 
a factor-sensitive step. Table 2 shows that for cells 
cultured at different growth rates in the chemostat the 
a factor step was. at the beginning of the cycle at fast 
` growth rates, but-as the growth rate was slowed it moved 
to later stages.of the cycle. In terms of time, however, 
it occurred, at generation times less than 6.18 h, a constant 
time before cell division. Similar results were obtained 
when the time of the a factor-sensitive step was investigated 
in cells grown at different growth rates using different 
media in batch culture (Table 3). At longer generation 
times the time from ‘start’ to cell division increases; 
for instance, at a generation time of 9.1h the time from 
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Fig. 1 Effect’on cell division of shifting cde28 previously grown 
with a doubling time of 6.18 h at 24°C in a chemostat to the 
restrictive temperature 38 °C. Haploid Saccharomyces cerevisiae 
cells of strain H185:3.4 carrying the cdc28-1 mutation were 
grown at 24°C ima chemostat (L.H. Engineering) at a steady- 
state specific growth rate of 0.112 h~ (generation time 6.18 h). 
The chemostat medium contained 10 g yeast extract, 10 g bacto- 
peptone, 10g glucose as limiting nutrient, 5g ammonium 
sulphate, 2g ammonium phosphate, | g magnesium sulphate 
and 100 mg adenine in [litre of distilled water at pH 5.5. Samples 
were removed from the chemostat diluted in fresh medium and 
one sample was incubated at 24 °C (@) and the other at 38 °C (1) 
in a shaking water bath. Samples were removed from both 
cultures at intervals, diluted in Isoton (Coulter Electronics) and 
cell numbers determined in an electronic particle counter 
(Coulter Electronics) after 90 s treatment with an MSE homo- 
geniser to break up clumps. The percentage increase in cell 
numbers after the shift to 38 °C (in this case 50%) was used to 
determine the stage in the cycle of the cdce28 execution point 
using the equation 


-NIND 
0.693 


where X is the stage in the cycle of the execution point, No is 

equal to the cell number at the time of the temperature shift and 

N is equal to the final cell number at the restrictive temperature’. 

The stage in the cell cycle of the execution point was calculated 
f to be 0.42, 
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‘start’ to cell division was 3.18h (Table 2). The results 
presented in Table 1 can also be interpreted to indicate 
that at very slow growth rates the time from ‘start’ fo 
cell division lengthens. If the decay time for the cde28 
gene product is the same at varying growth rates, a 
constant amount should be subtracted from the time between 
the apparent execution point and cell division in the last 
column of Table 1. This would leave this time constant for 
generation times between 2.1h and 3.85h; and if, for 
example, the decay time took 0.2h the time from the 
real execution point to cell division would be nearly the 
same as the equivalent ‘start-division’ time in the last 
column of Table 2. This assumption of a constant decay. 
time, however, would not explain the increased ‘start. 
division’ time of for instance 6.05h found for cells grown 
with a generation time of 21.6h (Table 1). 

These results indicate that for cells growing with 
generation times of less than 6.18h the cell cycle can 
be divided into an expandable phase before the a factor-. 
sensitive step, the length of which is dependent on growth. 
rate, and a constant phase from the @ factor-sensitive step 
to cell division, the length of which is independent 
of growth rate. As the @ factor step is the same 
as that mediated by the cdc28 gene product, which 
is thought to represent ‘start’, our results indicate that 
once cells pass ‘start’ they proceed to cell division in 


a constant time regardless of growth rate. Cells take a. a 


variable time to reach ‘start’ at different growth rates. 
It is interesting to note that when yeast populations 
were grown at long generation times in a chemostat 
the budded phase of the cycle was slightly longer than 
during rapid growth while the unbudded phase was 
selectively lengthened”. 

At longer generation time 


times the ‘start-division’ 


increased although the pre-start period of the cycle was me 


the main expandable phase. Our results are reminiscent 
of observations in Escherichia coli that the time from the 
initiation of DNA synthesis to cell division is constant 
at generation times faster than 60min but at longer 
generation times there is a change in cell cycle timing 
controls. 
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Blood flukes have a 
double outer membrane 


THe blood fluke Schistosoma mansoni has an unusual tegu- 
mental outer membrane which consists of two lipid 
bilayers”. We report here that the double outer membrane 
is a common feature of the Schistosomatidae (parasites of 
man which cause schistosomiasis) and also occurs in 
members of the two other families of blood flukes’, the 

















Fig. 1 Electron micrographs showing the double outer mem- 

brane of representative specimens from each of the three families 

of blood flukes. a, Schistosoma japonicum (Schistosomatidae); 

b, Schistosoma margrebowiei (Schistosomatidae); ¢, Aporocotyle 

simplex (Aporocotylidae); d, Spirorchis sp. (Spirorchiidae). 
( x 240,000). 


Aporocotylidae (parasites of fish) and the Spirorchiidae 
(parasites of turtles). In contrast, flukes (Digenea) belong- 
ing to families which inhabit the gut and associated body 
cavities of the host are limited by a single lipid bilayer. 
We suggest that the double outer membrane is an adapta- 
tion to the intravascular habitat. 

Details of the flukes examined and their hosts and 
locations are presented in Table 1. Specimens were fixed 
for electron microscopy in glutaraldehyde, osmium 
tetroxide and uranyl acetate’, dehydrated in ethanol and 
embedded in Araldite. Sections were stained with uranyl 
acetate and lead citrate. 

In the Schistosomatidae the double outer membrane was 
present over virtually the entire surface of both male 
and female worms; a few small regions of the membrane 
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had a trilaminate or multilaminate appearance. In the 
fish and turtle blood flukes two lipid bilayers were found 
consistently over the whole surface of the parasite. The 
double outer membrane had the same appearance and 
identical dimensions in all the blood flukes examined 
(Table 1, Fig. 1). Each lipid bilayer was approximately 
7nm in thickness and the double outer membrane was 
18nm_ thick. Some specimens had a layer of diffuse 
material on the external surface of the double membrane, 
but we believe that this material originated from the host 
and did not represent a true glycocalyx. The flukes 
recovered from environments other than blood had only 
a single trilaminate outer membrane (single lipid bilayer) 
approximately 8 nm in thickness (Table 1, Fig. 2). Each of 
the non-blood flukes had a glycocalyx which varied in 
appearance from a thin but dense layer in Fasciola hepatica 
to a wide diffuse layer in Macrolecithus papilliger. 

The advantage conferred by the presence of an addi- 
tional membrane at the surface of the blood fluke may 
be related to the fact that any parasite living in the blood 
vascular system must be constantly exposed to the host’s 
immune defence mechanisms in the form of leukocytes, 
complement and antibodies. The ability of adult schisto- 
somes to evade the immune response may be due to 
the host-like antigenic determinants which are found on 
the worm’s surface, and which may prevent the attachment 
of antibodies against the parasite’*. The double outer 
membrane of S. mansoni is formed immediately after 
host penetration’. and before host antigens can be 
detected on the surface of the worm’. It has been suggested 
that the lipid molecules of the outer bilayer may be 
orientated for the insertion of host glycoproteins or glyco- 
lipids’. The idea that the two lipid bilayers may differ with 
respect to their lipid composition is supported by the fact 
that the outer bilayer is only visualised after uranyl acetate 
fixation". Rapid turnover and chemical unreactivity of 
the outer bilayer have also been suggested as possible 
mechanisms for countering antibody attack’. Turnover 
has been demonstrated in vitro*, but freeze-fracture studies 
have shown that most intercalated proteins occur in the 
outer lipid bilayer*—suggesting that the outer membrane 
may be more active than the inner membrane. 


EEE 
Table 1 Flukes examined by electron microscopy 


a 


Family Genus and species 


(1) Blood flukes 
Schistosomatidae 
S. japonicum 
S. mattheei 
S. bovis 
S. leiperi 
S. margrebowiei 
S. intercalatum 
S. haematobium 3 


S. intercalatum Q }>hybrid 


Schistosoma haematobium 


Host Location 


Hamster Hepatic portal vein 


Aporocotylidae 


Spirorchiidae 


(2) Non-blood flukes 
Fellodistomatidae 
Fasciolidae 
Echinostomatidae 
Notocotylidae 
Dicrocoeliidae 


Acanthocolpidae 
Allocreadiidae 


Lepocreadiidae 
Zoogonidae 
Hemiuridae 


Aporocotyle simplex 
A. spinosicanalis 


Spirorchis sp. 


Steringophorus furciger 
Fasciola hepatica 
Echinostoma caproni 
Notocotylus tricerialis 
Dicrocoelium dendriticum 
Corrigia vitta 
Stephanostomum pristis 
Podocotyle atomon 
Macrolecithus papilliger 
Lepidopedon s bngatum 
Zoogonoides viviparus 
Hemiurus communis 
Derogenes varicus 


Hamster Hepatic portal vein 
Hamster Hepatic portal vein 
Hamster Hepatic portal vein 
Hamster Hepatic portal vein 
Hamster Hepatic portal vein 
Hamster Hepatic portal vein 
Hamster Hepatic portal vein 
Hamster Hepatic portal vein 
Long rough dab Gill arteries 

Hake Heart 


Painted turtle Pulmonary venule 

Cod Pylorus 

Cow Bile duct 

Mouse Ileum 

Chicken Caecum 

Rabbit Bile duct 

Field mouse Pancreatic duct 

Cod Pylorus 

Scorpion fish Rectum 

Minnow Stomach 
Pylorus 

Dab Intestine 

Flounder Stomach 

Cod Stomach 
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Fig. 2 Electron micrographs showing that the outer membrane 
of flukes recovered from environments other than the blood, 
consists of a single lipid bilayer. a, Dicrocoelium dendriticum 
(Dicrocoeliidae); b, Derogenes varicus (Hemiuridae); c, Podo- 
locreadiidae); d, Echinostoma caproni (Echi- 


cotyle atomon (All 
nostomatidae). ( x 240,000). 


We conclude therefore, that the double outer membrane 
is a characteristic feature of the blood flukes, that it 
consists of two conventional lipid bilayers with differing 
properties, and that it assists in protecting the parasite 
against the immunological response of the host. 
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Macrophages synthesise and 
release prostaglandins in 
response to inflammatory stimuli 


WHEN macrophages encounter inflammatory stimuli either 
in vivo or in vitro, they respond by releasing a number of products 
which may account for the central role that this cell has in 
chronic inflammatory diseases'. These products include 
hydrolytic enzymes active at neutral? or acidic pH (ref. 1), 
components of both the classical? and alternate pathway* of 
complement, factors modulating responses of lymphocytes to 
antigens and mitogens®, and factor(s) influencing the prolifera- 
tion® and synthesis of collagen’ by fibroblasts. We now show 
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that macrophages whose phospholipid components were 
labelled with *H-arachidonic acid also synthesise and release 
3H-prostaglandins (PGs) in response to inflammatory stimuli. 
These observations are consistent with the findings that human 
macrophages on intrauterine devices* and guinea pig macro- 
phages responding to lymphokines’ release PGs. 

It has been shown that tissues such as spleen", heart and 
kidney", tumour cells? and platelets'* incorporate radiolabelled 
arachidonic acid into phospholipids and release labelled PGs. 
It is known that macrophage phospholipids contain a high 
proportion of this fatty acid™*. We have found that unstimulated 
mouse peritoneal macrophages (Fig. 1) exposed to 1 uCi *H- 
arachidonic acid incorporate approximately 50% of the label 
into cellular phospholipids within 4h. Extraction of either 
stimulated or unstimulated labelled cells showed that the 
majority of the isotope was incorporated into lecithin with 
smaller amounts found in phosphatidylethanolamine and 
triglycerides. 

When cultures of unstimulated macrophages are maintained 
in a serum-free environment for 24 h, less than 3% of the label 
is released into the culture medium; only a small proportion of 
this has mobilities identical with standards of PGF,.., PGE,, 
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Fig. 1 Zymosan induces a time-dependent synthesis and release 
of *H-PGs from unstimulated macrophages. Macrophages 
were collected from outbred male SW-ICR mice by intra- 
peritoneal lavage with M199 media containing 1% heat-inacti- 
vated porcine serum (HIPS) and heparin 20 U mi~. The cells 
were plated at 410° cells per 60-mm dish and incubated for 
2 h at 37°C in 5% CO, in air. The non-adherent cells were 
removed by washing and the adherent cells maintained overnight 
in M199 plus 10% HIPS. Cellular phospholipids were then 
labelled by incubating the cells in M199 plus 1% HIPS con- 
taining 1 pCi *H-5,6,8,9,11,12,14,15-arachidonic acid (specific 
activity of 64 CimM~'; New England Nuclear, Boston, 
Massachusetts) for 4 h. At this time the culture medium was 
removed, the cells washed twice with 5 ml PBS and incubated in 
2 ml M199 devoid of serum with or without sonicated zymosan 
particles (ICN:K+-K Labs, Plainview, New York). The stock 
zymosan preparations were washed and sterilised by boiling 
three times in PBS. The medium was removed, acidified to 
0.03 M with citric acid, authentic standards added, and extraction 
carried out using the method of Folch. The combined organic 
phases were dried and chromatographed on SG81 paper (What- 
man) with ethyl acetate-acetone-acetic acid (90:10:1). The 
standard PGE, and PGF, were visualised using iodine vapour, 
the corresponding area cut out and the radioactivity corres- 
ponding chromatographically with PGE,, and PGF,/6KFyie 
determined. n= 3-+s.d. Open columns, control cultures; 
hatched cultures exposed to zymosan 50 pg per culture. Left two 
columns in each set of four, PGE,; right two, 6KFyie. 
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PGD, and PGA,. When, however, such cultures are exposed to 
an inflammatory agent, zymosan, they synthesise and release 
large amounts of *H-PGs in a time-dependent manner. Signifi- 
cant increases in synthesis and release are observed as early as 30 
min after addition of zymosan, continuing thereafter for at least 
24 h (Fig. 1), In the separation system described in Fig. 1, two 
major peaks of radioactivity were found. The first of these peaks 
had the same mobility as authentic PGE,. This identification is 
supported also by radioimmunoassay and by its conversion to 
PGB, on base hydrolysis (R.J.B. et al, unpublished). The 
second of these peaks had the same mobility as PGF,, and 
6-keto PGF,, (6KF,,) which are not separable in this system. 
Using a second chromatographic system, ethyl acetate—acetic 
acid, 99:1, which separates these two components, the second 
radioactive peak has, however, been tentatively identified as 
6KF, «e ‘H-thromboxane B, (TXB,) does not seem to be a major 
product of 3H-arachidonic acid from unstimulated macrophages 
exposed to zymosan. 

Macrophages from mice stimulated with thioglycollate broth 
~-a sterile inflammatory agent—-have a greatly diminished 
capacity for synthesising and releasing #H-PGs in response to 
increasing amounts of zymosan, compared with cells from 
unstimulated mice, although both cell populations incorporated 
approximately the same amount of ?H-arachidonic acid (Fig. 2). 
At the lowest dose of zymosan tested (10 ug per plate), un- 
stimulated cells showed a fivefold increase in °H-PGE, and a 
2.5-fold increase in "H-6KF ,, release. At 200 ug mi~ zymosan, 
unstimulated cells showed a 24-fold increase in 7H-PGE, and a 
15-fold increase in 9H-6KF,, release. On the other hand, cells 
from thioglycollate-stimulated mice showed only a fivefold in- 
crease in 7H-PGE, and a 2.5-fold increase in 3H-6KF,, release in 
response to 200 ug zymosan per plate. In the absence of zymosan, 
both unstimulated and stimulated cells release similar small 
amounts of 9H-PGE, and *H-6KF,,. Cells from stimulated or 
unstimulated mice cultured in the absence or presence of 
zymosan remained intact as judged by morphological examina- 
tion and the retention of the cytoplasmic marker enzyme, 
lactate dehydrogenase. 

The synthesis and release of 3H-PGs by unstimulated macro- 
phages exposed to zymosan can be completely inhibited by 
indomethacin (Fig. 3). The effect of this cyclo-oxygenase 
inhibitor on *H-PGs synthesis in this system is a potent one, 
dose-response experiments showing an ID, of 2» 10 M. 
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Fig. 2 Thioglycollate-induced macrophages synthesise and 
release less *H-PG than unstimulated macrophages in response 
to zymosan challenge. a, PGE,; b, 6K F,,. Unstimulated macro- 
phages and macrophages obtained from mice injected with 2 ml 
thioglycollate broth (BBL, Cockeysville, Maryland) 4 d pre- 
viously were cultured and labelled as described in Fig. 1. The 
radiolabelled cells were then incubated with varying concen- 
trations of zymosan for 4 h. The released radiolabelled PGs 
were measured as described in Fig. 1. The stimulated cells (@) 
incorporated 47% of the *H-arachidonic acid: the unstimulated 
cells (©) incorporated 57°% of the *H-arachidonic acid. Control 
cultures of the stimulated cells without zymosan addition 
contained 365-139 cpm. as PGE, and 1914-12 c.p.m. as 
6KF,«; control cultures of the unstimulated cells contained 
228-31 c.p.m. as PGE, ai DEN, cp.m. as 6KF,a A = 
+s.d, 
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Fig.3 Zymosan but not latex stimulated *H-PG synthesis and 
release from unstimulated macrophages. Unstimulated macro- 
phages were cultured and labelled as described in Fig. 1. The 
release incubation period was 4 h. Suspensions of latex beads 
0.8 um; (Dow, Indianapolis, Indiana) were sonicated before 
addition. The numbers in the histogram indicate percentage 
stimulation over control. n = 3-+-s.d. Left-hand column in each 
pair, PGE,; right-hand, 6K Fy. 


PG synthesis does not always accompany phagocytosis by 
macrophages. Fig. 3 shows that unstimulated macrophages 
exposed to a large amount of latex particles do not release 
°H-PGs above control levels. Examination of cultures by phase 
contrast microscopy showed that these particles had been 
phagocytosed. It is noteworthy that latex lacks the ability to 
induce chronic inflammation™. 

These findings complement those of Glatt and Brune who 
have used other stimuli to induce release of PGE, by mouse 
peritoneal macrophages'®. In addition, we have unpublished 
data showing that macrophages release PGs in response to other 
inflammatory stimuli such as asbestos and antigen-antibody 
complexes. Clearly, PGs are now established as products of 
macrophages responding to inflammatory stimuli. The tentative 
identification 6K F,, as being a major secretory PG by zymosan- 
induced macrophages remains to be confirmed. Our data, 
however, suggest that the potent biologically active precursor, 
PGI,, which has been shown to be released by cells of the 
vascular endothelium’, may also be released by macrophages. 
The contribution of PGs released by macrophages to the diverse 
functions of this cell remains to be elucidated. 

We thank Dr E. A. Ham for 6K F,, and TXB, standards. 
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Primary in vitro 
sensitisation of human T cells 


Metuops for the in vitro development of primary immune 
responses have been crucial for the understanding of 
mechanisms of cooperation between T and B cells and 
between T cells and macrophages‘. Few efforts to date 
have been reported for primary in vitro sensitisation of 
human lymphocytes, most of which have involved 
sensitisation to allo- or xeno-antigens*”® or plaque-forming 
responses to sheep red blood cells (SRBC)’*. Development 
of killer T cells against HLA-identical’, or autochthonous 
tumour cells" have usually required coculture with 
third party allogeneic cells for development of cytotoxicity. 
Given the ethical constraints on in vivo studies of human 
T-cell function, and noting the development for the first 
time of a system for the sensitisation of guinea pig T 
cells in vitro to a variety of antigens", we were encouraged 
to develop an in vitro system for the priming and boosting 
of human T cells to well defined haptenic determinants 
without the requirement for a third party cell. 

We chose trinitrophenol (TNP) as antigen for two 
reasons: in our hands it elicits the best response; and 
second, animal studies show that when recognised in 
conjunction with Ia antigens on macrophages, TNP can 
elicit helper-type T cells’, and when recognised simul- 
taneously or as an antigenic complex with H-2 K and D 
antigen can generate killer T cells’. The hapten TNP, 
therefore, has the potential in the human system to serve 
as a model for primary in vitro sensitisation and recog- 
nition of altered self. 

Tonsil or peripheral blood cells were divided into two 
portions (Fig. 1). The responder cell population was 
purified by nylon wool column fractionation; the 
stimulator population, unfractionated, was treated with 
mitomycin C or X-ray irradiation and either conjugated 
with TNBS (trinitrobenzene sulphonate) or left uncon- 
jugated as control. Optimum culture conditions required 
5x 10° responder cells plus 1-5x10° stimulator cells in 
2ml of RPMI-1640 containing 10% AB serum and anti- 
biotics. Cultures were fed twice during the 7-d priming. 
Boosting was done in microtitre plates on day 7 using 
autochthonous booster cells prepared exactly as were the 
stimulator cells. Boosting of peripheral blood cells was 
done with freshly drawn blood; boosting of tonsil cells 
was done with cells that had been cryopreserved. Cultures 
did not require 2-mercaptoethanol or rocking (forward and 
backing tilting during 37°C incubation). Responses were 
measured by incorporation of labelled thymidine CH-TdR), 
the virus plaque assay and cytotoxicity. 

Figure 2 indicates the kinetics of proliferation in the 


> priming and boosting cultures. Nylon wool purified cells 


alone showed very little proliferation during culture. The 
addition of mitomycin-treated TNP-coupled or uncoupled 
cells caused measurable proliferation between days 3 and 5. 
Optimum boosting conditions required cells primed for 
at least six and preferably seven days, when background 
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PRIMARY CULTURE SECONDARY CULTURE 

Fig. 1 Schematic representation of the procedure for priming 
and boosting of T cells to hapten-coupled autochthonous cells. 
Tonsil cells, after NH,Cl lysis of red cells or peripheral blood 
mononuclear cells after Ficoll-Hypaque density centrifugation, 
were divided into two portions. The first was passed over nylon 
wool columns for preparation of T cells'*. This gave a population 
containing fewer than 2°%~-3°% Ig-+ cells by immunofluoresence. 
The second unfractionated population was treated with mito- 
mycin C (50 pg mi~, 37 °C, 30 min) or X-ray irradiation (500 
rad), and hapten-conjugated or left unconjugated as control. 
A portion of tonsil cells was cryopreserved in 10°, dimethyl 
sulphoxide-20°% foetal calf serum in RPMI under liquid nitrogen 
until needed for the secondary (boosting) culture. TNP-coupling 
with 10-mM TNBS in phosphate-buffered saline (PBS) pH 7.4 
was done according to Shearer, and FITC-coupling was carried 
out with 100 pg FITC per 10° cells per ml in PBS pH 9,0 (ref. 16). 
Primary cultures were set up in 16 x 125-mm tissue culture tubes 
containing 5 x 10° responder and an equal number of stimulator 
cells in 2 mi of RPMI 1640 containing 10% AB serum, 8 mg 
per 100 ml gentamycin, 40 units ml? mycostatin, 100 pg min? 
streptomycin and extra glutamine, 2 mM. Primary cultures 
were fed twice, on days 2 and 5, and kept in a humidified atmos- 
phere of 5% CO., 95% air. Secondary boosting cultures were set 
up on day 7 with 2 x 10° viable primed cells plus 2 x 10° boosting 
cells per 0.2 ml in microtitre plates. Boosting cells were prepared 
as described for stimulator cells using thawed unfractionated 
tonsil cells or freshly drawn and prepared peripheral blood 
mononuclear cells. At 16 h before cell collection 1 pCi °H-TdR 
(specific activity 3 Ci mmol~!) was added to each well. Cultures 
were collected on glass fibre filters, placed in scintillant (NEN 
950A) and counted in a Beckman liquid scintillation counter. 

All determinations were done in triplicate. 


proliferation had largely ceased. Boosting of TNP-primed 
cells with TNP-coupled autochthonous cells resulted in a 
marked and rapid proliferation of the primed cells between 
24 and 96h after boosting; unprimed cells showed no 
response (Fig, 2). 

The boosted response is antigen specific, as shown 
in Table 1. T cells from each tonsil were primed to either 
TNP-cells or FITC-cells. After 1 week both cultures were 
boosted with both antigens. TNP-primed cells responded 
to TNP-cells and not to FITC cells, whereas FITC-primed 
cells responded to FITC cells and not to TNP cells. In 14 
experiments, TNP-primed cells gave a mean value above 
background of 14,765+3,199c.p.m. and a mean stimula- 
tion index of 7.0£1.6 when boosted with TNP cells. In 
five experiments, the response of the FITC-primed cells 
was always less than the response of TNP-primed cells; 
the mean incremental ‘H-TdR_ incorporation was 
3,743 £2,330 c.p.m. and the stimulation index was 3.18+1.1. 
Ultraviolet light microscopy revealed that the stimulating 
and boosting cells were coupled with FITC at the 
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3H-TdR incorporation (c.p.m. x 1073) 





Time in culture (d) 


Fig. 2. Time course of incorporation of *H-TdR in primary 
(sensitisation) cultures of 5x 10° nylon wool cells alone (C), 
5 x 108 nylon wool purified cells plus 5 x 10° uncoupled stimulator 
cells (control) (A), and after; TNP-boosting (A), and 5 10° 
nylon wool purified cells plus 510° TNP-coupled auto- 
chthonous cells (©), and after TNP-boosting (@). The TNP- 
primed and unprimed cultures were each boosted on day 7 
(arrow) with TNP-coupled autochthonous cells, as indicated. 
S.e.m. is indicated for boosted cultures; for priming cultures, 
standard errors were always less than 20%. 


initiation of culture, and their viability at this time was 
comparable with that of TNP-coupled cells, that is, 
greater than 90%. 

The response of peripheral blood cells to TNP was 
usually less than the response given by tonsil T cells 
(Table 1). In four experiments, three individuals responded 
(Table 1, and data not shown) while one was completely 
refractory. Whether this is as a result of individual 
differences in responder, suppressor or antigen presenting 
cells types has yet to be determined. To date, we have not 
been able to achieve a significant in vitro response of 
peripheral blood cells to FITC. 

Cultures of T cells plus mitomycin-C treated auto- 
chthonous uncoupled cells usually showed a low pro- 
liferative response during the priming culture (Fig. 2), 
as did the T cells cultured together with TNP-coupled 
cells. When such unprimed control cells were ‘boosted’ 
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with uncoupled stimulator cells, the incorporation of 
‘H-TdR increased from 2- to 12-fold as compared with 
their proliferative response when cultured alone (Fig. 2 
and Table 1). This seems most consistent with the experi- 
ments of Kuntz et al.", who were able to demonstrate, 
in humans, a response of purified T cells to autochthonous 
B and K cells peaking about day 6, though no attempt 
was made to boost these cells. 

The response of primed cells to concanavalin A (con A) 
was included in all experiments to serve as an internal 
reference for the relative magnitude of the boost. The 
response to TNP-cells was in the range of 50% of the con 
A response. (Table 1). 

Viable stimulating cells were required for effective sensi- 
tisation. Stimulator cells treated at 56 °C for 30 min func- 
tioned poorly compared with viable stimulator cells; the re- 
sponse to boosting was only one sixth that of cultures 
primed with viable cells (data not shown). 

We have attempted to estimate the number of antigen- 
reactive T cells in the boosted cultures using the virus 
plaque assay". Table 2 shows the results of these experi- 
ments. The background response was low in all three 
controls, allowing the detection in specifically boosted 
cells of approximately one cell per thousand plated. This 
is a sevenfold increase over primed cells not boosted, and 
a 50-fold increase over unprimed cells boosted with TNP- 
cells. These data suggest that the initial number of TNP- 
reactive cells at day 2 of priming must be relatively low, 
certainly less than 20 per 10° cells. But, one cell in 10° in 
boosted cultures is considerably less than 10-60 per 
10° cells activated by con A or allogeneic cells”, 
although about 10-fold greater than the number of pre- 
killer cells activated to TNP in a recently reported murine 
syngeneic cytotoxicity assay”. This may reflect the existence 
of fewer potentially hapten or self-reactive than allo- 
reactive clones. 

We have attempted to detect a preference on the part 
of the primed cell for restimulation with TNP coupled 
to autochthonous cells relative to allogeneic cells. To 
obviate the problem of allogeneic stimulation, we have 
taken advantage of the finding that significant stimulation 
of *H-thymidine incorporation can be obtained 24h after 
boosting (Fig. 2) when little or no MLR is seen (SI<2.0). 
In three experiments, a mean increase of 4,122 +764 c.p.m. 
above background was obtained after boosting with TNP- 
coupled autochthonous (priming) cells, while boosting with 
TNP-coupled allogeneic cells resulted in a decrease of 
27+308¢.p.m, As has been demonstrated in animal 
models”, these results indicate that there is likely to be 
a restriction on the restimulation of primed T cells to 
antigen presentation on the priming cell type. Taken 
together with the requirement for a viable cell for effec- 
tive antigen presentation, it seems likely that in this 
system, T cells recognise hapten in conjunction with 





Table 1 Response of in vitro primed tonsil and peripheral blood T cells to hapten-coupled autochthonous cells 





í Boosting cell type added, day 3 response (c.p.m.) 





Expt T cells Primed 
no. from: to: None Uncoupled TNP cells Acp.m. SI FITC cells Ac.p.m. SI Con A 

Uncoupled 637+86* 7,481 +388 9,619 +-637 2,138 ŁO 12,2134544 4,732 1.0 19,932+905 
TNP 868-174 10,5144-1,094 39,277+69 28,763 13.5 14,605-+.992 4,091 0.9 19,639+-31 

1 Tonsil FITC 8244131  8,4244.585 7,32141,552 -103 -O.1 20,924+4-1,011 12,500 2.6 17,547+-925 
Uncoupled 275 +115 2464+38 997 +262 751 1.0 1,1654245 919 1.0 70,553 -+1,856 
TNP 240+ 59 262 + 50 6,583 +-1,472 6,321 84 1,2514249 989 Li 65,438-+1,717 

2 Tonsil FITC 216465 243-449 7204-68 477 0.6 2,907 -4-907 2,664 2.9 67,096-+-2,791 
Uncoupled 182 +38 1,334 204 3,537 +445 2,203 1.0 10,849 + 1,269 

3 Blood TNP 5344-83 2,727 4-86 6,187 +953 3,460 1.6 14,809 +- 1,393 
Uncoupledt 851-56 2,543 +88 7,024 +265 4481 10 69,296 4- 1,102 

4 Blood TNP 2,2374267 8,220-+1,020 33,851+-2,081 25,631 5.7 69,860 +2,100 





*Arithmetic means -+ sem. i i 
+Stimulators in this experiment were irradiated with 500 rad, 
SI = Stimulation index 


we 
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Fig. 3 Virus PFU were determined as for Table 2. a, 0.7; 
b, 0.1 and c, 1.9 viral plaque-forming cells per 10° cells. 
a, TNP-boosted, not primed; b, TNP-primed, not boosted; 
c, TNP-primed and boosted. #H-TdR incorporation was deter- 
mined as for Table I, Cytotoxicity assay was performed in 
triplicate in round bottom microtitre wells containing 3 x 10° 
effector cells and 310° “Cr labelled targets in 0.2 ml. For 
preparation of target cells 15 ul of 1:100 diluted phytohaemag- 
glutinin P (DIFCO) was added to 2x 10° tonsil cells in 2 ml of 
medium 3 d before assay. On day of assay, targets were labelled 
with Na®*'CrO, (Amersham/Searle, 1 mCi mi~}, 250 pCi in 
0.4 mi per 15 x 10° cells for 2 h at 37 °C. Cells were washed three 
times and either left uncoupled or coupled with TNBS®. Effectors 
plus targets were incubated at 37 °C for 16 h after which plates 
were centrifuged and 0.1 ml was collected and counted in an 
LKB model 80000 gamma counter. Spontaneous release values 
for TNP-coupled and uncoupled targets were the same, 47% of 
total releasable counts as determined by three cycles of freezing 
and thawing; all assays were performed on the tenth day of 
culture (day 3 after boosting). 


membrane determinants. In the mouse system, Forman 
has shown that TNP couples directly to H-2 antigens on 
the cell surface, and that they, most likely, are the site of 
recognition by prekiller T cells’™®*. It will be of obvious 
interest to determine whether HLA antigens are involved 
in the recognition of TNP in the present system, and if so, 
whether there is any consistent restriction like that seen 
with cytotoxic T cells generated against Y antigen”. On 
the other hand, the ability of primed T cells to discriminate 
effectively between TNP and FITC is compatible with the 
view that some T cells may primarily recognise hapten, a 
view supported by several studies in experimental 
animals” ~", 





Table 2 Enumeration of activated T cells primed and boosted 
in vitro by virus plaque assay 


Tonsil T Cetis 








Boosting cell Assay Unprimed TNP-primed 
Uncoupled 3H-TdR 20,624 +1, 171 6,503 +875 
cells incorporation 
V-PFC/10° 0.045 +-0.001 0.15 0.01 
Cells 
TNP-coupled 3H-TdR 12,481 +414 49,153 + 1,174 
cells incorporation 
V-PFC/10? 0.02 +0.002 1.02 -+0.23 
Cells 





Assay for virus plaques was performed 40 h after boosting. Values 
are arithmetic means + s.e.m. V-PFC, virus plaque-forming cells. 


Attempts were made to ascertain whether specific cyto- 
toxic T lymphocytes (CTL) could be generated. The data 


< presented in Fig. 3 indicate that CTL capable of killing 


'TNP-coupled targets are generated from naive human T 
cells after in vitro priming and boosting with TNP-coupled 
autochthonous cells. No CTL were detectable in cultures 
that were primed but not boosted, or not primed and 
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* 

‘boosted’. In contrast with results obtained in the mouse 
system, CTL were not found in primary cultures, but 
only in restimulated cultures. It is unclear whether CTL in 
man are developed on first exposure to antigen but at 
undetectable levels, or whether a further differentiative step 
requiring restimulation is necessary. It will also be of 
interest to clarify the nature of the antigen-presenting 
cell(s) in this system. 
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Genetic non-responsiveness of 
murine fibroblasts to bacterial endotoxin 


LetHaL infections with Gram-negative bacteria are thought 
to be due in large part to the toxicity of cell wall lipopoly- 
saccharide (endotoxin). The mechanisms of action of 
lipopolysaccharide (LPS) have recently been clarified by 
in vitro studies which have helped explain many of the 
pathophysiological sequelae of endotoxin exposure’. 
C3H/HeJ mice, which are genetically resistant to many 
of the effects of endotoxin, have proved a valuable model 
for the systematic investigation of endotoxin-mediated 
phenomena’. Bacterial endotoxins are able to interact 
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in vitro with a variety of cells and serum factors ™® and 
it is known that LPS acts on murine B lymphocytes as a 
polyclonal activator for both mitogenesis and immuno- 
globulin synthesis’. This function has been found to be 
deficient in the C3H/HeJ mouse™*. Also, endotoxins 
activate macrophages™™, and this function also seems to 
be deficient in C3H/HeJ mice’ (Ryan, J. L., Glode, L. M. 
and Nathan, C. F., unpublished observations). To determine 
if the C3H/HeJ genetic defect in responsiveness to endo- 
toxin is more general, we have investigated the ability 
of bacterial endotoxin to stimulate C3H/HeJ embryonic 
fibroblasts. Fibroblasts were chosen because it has recently 
been shown that they are endotoxin sensitive cells". 

To measure responsiveness of fibroblasts to LPS, we 
have assayed their rate of glucose utilisation in culture. 
This has previously been shown to be a sensitive assay 
for LPS-induced activation of spleen cells and peritoneal 
cells (Ryan, J. L. ez al., unpublished observations). Fibro- 
blasts were isolated from 12-14 d C3H/HeJ and C3H/HeN 
embryos by removing the head, extremities, and liver, and 
mincing the remaining tissue with forceps before incubating 
with BSS and trypsin-EDTA for 10min each. The tissue 
was further incubated with trypsin-EDTA for 20min and 
the resulting cell suspension filtered through nylon gauze. 
These filtered cells were cultured at a density of 10° per 
10ml in 100-mm plastic tissue culture dishes using 
Dulbecco’s modified MEM with 10% FCS. Cultures were 
collected with trypsin and transferred to new plates 
every 5-7 d. 

To measure glucose utilisation, 5x10‘ fibroblasts which 
had been passed at least once were plated in flat-bottomed 
microtitre plates. This number of embryonic fibroblasts 
forms almost a complete monolayer in the wells once the 
cells have spread. Two types of LPS were used to stimulate 
the cultures. Both were derived from Escherichia coli 
K235, one by phenol extraction’ and the other by butanol 
extraction’. It has previously been shown that butanol- 
extracted K235 LPS contains protein tightly bound to 
the lipid A moiety which activates C3H/HeJ spleen cells. 
This protein is not present in phenol-extracted K235 LPS 
which is thus unable to activate C3H/HeJ lymphocytes 
while having the ability to activate C3H/HeN lymphocytes 
normally™"**. 

The rate of glucose utilisation by C3H/HeJ and 
C3H/HeN fibroblast cultures stimulated by K235 LPS is 
shown in Table 1. These data show that glucose utilisation 
can be used to measure responsiveness of murine fibro- 
blasts to LPS and that C3H/HeJ fibroblasts are not 





Table 1 Rate of glucose utilisation by C3H/HeJ and C3H/HeN 
fibroblast cultures stimulated by K235 LPS 





LPS C3H/HeN C3H/HeJ 
(nmol glucose used (nmol glucose used 

per 24 h) per 24 h) 

None 384 48.0 1482.0 

Phenol K235 502 +18 144 -4.0 

Butanol K235 $74 +32 264 +2.0 





The glucose content of 10-1 aliquots of culture supernatant was 
determined enzymatically during a 2-3-d culture period. Each value 
represents the total glucose used over an average 24-h period by a 
culture of 5 x 10! fibroblasts. Values are means + s.e.m. of triplicate 
cultures. The amount of glucose in each aliquot was determined by 
adding 0.9 ml of the enzyme mixture to each 10-ul aliquot, mixing 
vigorously and reading the Ag after a 2-min equilibration time. 
The enzyme mixture was composed of 0.7 ml buffer (0.1 M Tris, 
0.064 M NaCl, 3.5 mM MgCl, 0.15 mM CaCl,, pH 7.5) (ref. 21), 
0.1 ml 20 mM ATP, 0.1 ml 5 mM NADP and 5 ul of a mixture 
of hexokinase and glucose 6-phosphate dehydrogenase (250 U mi~ 
hexokinase). The mixed enzymes were obtained from Sigma Chemical 
(St Louis, Missouri). Both types of LPS were added to a final con- 
centration of 10 ug mi~. Cultures were carried out in flat-bottomed 
microtitre plates using 200 ul Eagles MEM supplemented with 
glutamine 1 mM, streptomycin 10 pg mi~, penicillin 100 U mi~, 
and gentamycin 25 pg mi~! LPS was the gift of Dr D. C. Morrison, 
Scripps Clinic, La Jolla, California. 
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Fig. 1 The upper graph shows the amount of glucose remaining 
in cultures of C3H/HeN (continuous line) and CeH/HeJ em- 
bryonic fibroblasts (dotted line) after stimulation by different 
concentrations of butanol K235 LPS compared with unstimulated 
cultures. The lower graph shows similar data for cultures stimu- 
lated by phenol K235 LPS. Each point represents the mean of 
glucose assays from triplicate cultures + s.e.m. Culture con- 
ditions and glucose assays were as described previously. Measure- 
ments on C3H/HeN fibroblasts were made after 32 h of culture, 
whereas those on C3H/HeS fibroblasts were made after 66 h of 
culture, to equate the total glucose utilisation by both cultures at 
the 50% level. - ~ -, C3H/HeJ; ——, C3H/HeN. 


responsive to phenol K235 LPS, whereas they are 
responsive to butanol K235 LPS {P <0.01). In addition, 
it seems that approximately equal numbers of the 
C3H/HeJ fibroblasts use glucose at a lower rate than 
C3H/HeN fibroblasts in both the presence and absence 
of LPS. The significance of the lower baseline rate of 
glucose utilisation in C3H/HeJ fibroblasts is not explained, 
but a similar phenomenon has been observed for C3H/HeJ 
macrophages (Ryan, J. L. et al., unpublished observations). 

A dose-response curve for both types of LPS in 
C3H/HeJ and C3H/HeN fibroblast cultures is shown in 
Fig. 1. As seen in the upper graph, both strains respond 
well to butanol LPS. The lowest dose at which a significant 
response can be measured is 0.5-5 wg ml’ (P<0.01) LPS 
for the butanol-extracted material. Activation by phenol 
K235 LPS is shown in the lower graph. In this case the 
C3H/HeJ fibroblasts are not stimulated at any of the 
doses tested (P <0.001), whereas the C3H/HeN fibroblasts 
are stimulated at a dose of 50ngml’ LPS (P <0.01), 
which is at least 10-fold lower than the concentration 
of butanol LPS required for activation. This suggests that 
the protein present in the butanol LPS may in fact be 
blocking the activity of the lipid A moiety. Modulation 
of the biological activities of lipid A by protein associated 
with lipid A has been suggested’ and these data seem to 
corroborate those conclusions. 

C3H/HeJ  non-responsiveness to LPS has been 
demonstrated in B lymphocytes**, macrophages’, and now 
in embryonic fibroblasts. This finding suggests that there 
is a global cellular defect in the ability of the C3H/HeJ 
mouse to respond to highly purified LPS. It has also been 
shown in many laboratories that C3H/HeJ mice are very 
resistant to the lethal effects of intravenous LPS having 
an LD: of 3,000 ug, whereas normal mice usually have 
an LDs of 200-500 ag LPS (ref. 17). 


he 


defined”. 
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We may conclude that activation of LPS-sensitive cells 
may have a critical role in mediating the lethal effect of 
intravenous LPS (ref. 17). It must be recognised, however, 
that this non-responsiveness of C3H/HeJ mice to LPS 
does not seem to protect them from death due to infection 
with Gram-negative bacteria". Thus, it is evident that 
there are factors other than LPS which contribute to the 
toxicity of Gram-negative bacteria. The role of cell wall 
lipoprotein in mediating toxicity is only beginning to be 
Studies using LPS non-responder mice should 
permit a better understanding of the function of non-LPS 
cell wall material in producing the pathophysiological 
effects of endotoxin. 
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Density-dependent inhibition of fibroblast 
growth is overcome by pure mitogenic factors 


CELL density is of interest because it may have a critical 
role in the regulation of growth, development, and in 
malignant transformation. In cell culture, crowding slows 
and eventually stops cell proliferation of a variety of 
cells maintained on a solid surface’. This property is 
usually lost after malignant transformation’. Two major 
hypotheses have evolved to explain this phenomenon. The 
contact inhibition hypothesis holds that specific surface 
receptors are activated by cell-cell contact and generate 
a negative signal which halts further growth’*. The 
humoral hypothesis proposes that high cell density limits 
the availability of medium components, particularly of 
growth factors present in serum‘. Although much experi- 
mental evidence has been adduced in support of the 
humoral hypothesis, most experiments in which the 
effect of cell density on growth has been thoroughly 
investigated were performed in the presence of whole 
serum as the source of growth factors. The chemical 
complexity of serum leaves open the possibility that some 
of its effects may be exerted by molecules that interfere 
with inhibitory cell-cell contacts. Thus, definitive evidence 
for a humoral hypothesis in growth regulation in culture 
is still lacking. To circumvent this objection we have 
examined the effect of cell density in a model system 
in which chemically defined molecules rather than whole 
serum stimulate DNA synthesis and cell division in 
sparse or crowded cells arrested in Gs/G:. We report 
here that density dependent inhibition of fibroblast growth 
is overcome by pure mitogenic factors. 
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Epidermal growth factor (EGF) and insulin, added at 
low concentrations dramatically stimulate DNA synthesis 
in 3T6 cells maintained in serum-free Dulbecco’s modified 
Eagle’s medium (DEM) supplemented with vitamin By 
(ref. 6). To establish whether the response of the cells 
to constant concentrations of EGF and insulin is dependent 
on the cell density of the culture, cell suspensions were 
plated at different densities, arrested in Gy by limitation 
of serum and then exposed to factors and *H-thymidine 
for 26h (Fig. 1). The labelling index is optimal at a 
density of approximately 2x10* cells cm’ but strongly 
decreases at higher concentrations where extensive cell 
contacts take place. Figure 1 also shows that EGF 
and insulin stimulate DNA synthesis at low densities 
(0.5 10' cells om™*) where only 5% of the available 
surface is occupied by 3T6 cells and very few cells in 
close contact are observable microscopically. This renders 
unlikely the possibility that the pure peptides act by 
diminishing inhibitory cell-cell contacts. Thus the striking 
dependence of stimulation on cell density raises the 
possibility of investigating this phenomenon in chemically 
defined conditions rather than in the presence of serum. 
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Fig. 1 Effect of cell density on the stimulation of cultures of 
3T6 cells into the S-phase by EGF and insulin. Cultures were 
exposed to iI ng mi™> EGF, 100 ng mi~ insulin, 400 ng mi~ 
vitamin B,, and °H- thymidine (4 pCi mi~ 0.2 uM) in DEM for 
26h. They were then fixed for autoradiography. Each solid 
circle represents the mean of two separate determinations 
(deviation not greater than 5%). Control dishes (B,, containing 
DEM alone) pooled from a number of experiments are shown by 
open circles. Stock 3T6 cells were passaged at 3-d intervals in 
DEM containing 10% foetal calf serum (FCS), 100 U mi~ 
penicillin and 100 ng mi~ streptomycin in a 10% CO, atmos- 
phere at 37 °C. In all experiments cell suspensions were plated i in 
Nunc dishes at the appropriate density in 0.5% FCS-DEM, and 
kept for at least 5 d; they were then washed wice in DEM and 
left in serum-free medium for 2d before use. The cell density 
(abcissa) represents the density at the end of the experiment. 


A critical prediction of the humoral hypothesis is that 
raising the concentrations of the same pure factors 
that support growth in sparse cultures should overcome 
the inhibition of growth characteristic of high-density 
cultures. To test this prediction we determined the dose 
response for stimulation of DNA synthesis by EGF and 
insulin in cultures prepared at two different cell densities, 
sparse and dense (Fig. 2). EGF is more mitogenic in 
sparse than in dense cultures. Thus EGF, in the absence 
of insulin stimulates 60% of the cells blocked in Ge 
at low density to enter into the S-phase of the cell cycle 
(Fig. 2a), while it only stimulates 30% of the cells of 
the denser culture (Fig. 25). In turn, insulin stimulates 
DNA synthesis in sparse cultures, even in the absence 
of EGF and markedly enhances the response to EGF 
in both sparse and dense cultures. The salient feature 
of Fig. 2 is that a high concentration of factors is 
capable of maximally stimulating DNA synthesis in the 
dense cultures. Essentially similar results were obtained 
when incubation time was 24 instead of 48h and also 
when the total *H-thymidine incorporated, rather than 
the labelling index, was measured. The data indicate 
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Fig. 2 Dose response to EGF at various insulin concentrations 

for two different cell densities: a, 3.0x10' cells cm~? b, 

6.5 *10* cells cm7?. Insulin concentrations: @, zero; A, 

0.1 pg mi~; W, 1 ug mim; @, 10 ug mi~. Cultures were 

exposed to mitogens and °H-thymidine for 48 h and fixed for 
autoradiography. 


that high levels of factors overcome the density dependent 
inhibition of growth. 

To further substantiate this conclusion we investigated 
the effect of cell density on the ability of stimulated 
cells to complete the cell cycle and divide. Cultures 
were prepared at two different densities (3.3x10' and 
17.4x10* cells cm”*), arrested in Gs and then exposed 
to factors at low and high concentrations for 72h. At 
the end of the incubation the number of cells per culture 
was determined. Table 1 shows that both concentrations 
of factors stimulate an increase in cell number (70%) 
in sparse cultures, In contrast, only the combination of 
factors at high concentrations is able to produce a 
comparable increase in the crowded cultures. This result, 
together with the autoradiographic data clearly demon- 
strates that the growth block imposed by high cell density 
can be overcome by using appropriate levels of pure 
factors. 

We considered the possibility that the ability of high 


cman aati emnmnii 
Table 1 Effect of cell density on growth 





Factors 
Insulin Cell density (cells cm~? x 1074) 
(ng mi~») (ug mi~) Sparse Dense 
— == 2.5 13.3 
1 0.2 5.6 14.8 
10 5.0 5.4 24.1 


Cells were plated at two densities in 50-mm Nunc dishes and 
arrested in Go/G, before exposure to factors. Cell densities before 
exposure were 3.3 x 10' and 14.7 x 10! cells cm~? for sparse and dense 
cells repectively. Two levels of factors were used. After 72 h incu- 
bation, cells were removed by trypsinisation and counted with a 
Coulter counter. In sparse cultures for each determination six dishes 
were divided into two groups of three pooled dishes. In dense cultures 
nine dishes were divided into three groups of three pooled dishes. 
Three aliquots of each group were counted. Data are mean group 
values. Group duplicates and triplicates did not vary by more than 
15% and in general were below 7.5 A 
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levels of insulin to potentiate the effect of EGF in 
crowded cultures may be due to a mechanism of action 
unrelated to its hormonal effect, such as the mild proteo- 
lytic activity reported to be associated with the pure 
hormone and with the B chain of the molecule’. We 
found several lines of evidence that exclude this possibility 
in our system: (1) The purified B chain of the insulin 
molecule does not replace the hormone in stimulating 
the entry of sparse or dense cultures into S. (2) The 
B chain, added with sufficient amounts of insulin and 
EGF to stimulate low density cultures, does not overcome 
the density block in crowded cells. (3) Ovomucoid 
(100 ug ml™) and soybean (50 ug mi~) trypsin inhibitors 
which were reported to suppress the proteolytic activity 
of insulin’, do not prevent the enhancing effect of high 
concentrations of insulin. Furthermore, we verified that 
the preparation of insulin used in our studies yields 
a single band (molecular weight 6,400) when analysed 
in sodium dodecyl sulphate-polyacrylamide gel electro- 
phoresis. In addition zinc, which is present in the 
insulin preparation and has been shown to promote 
growth’ is completely inactive when tested at 6X10 °M 
and 6X107 M in the presence and absence of factors. 
All these experiments indicate that in crowded cultures 
as in sparse ones, the action of insulin is related to its 
metabolic effects mediated by specific surface receptors. 

Our results emphasise that chemically defined growth 
promoting factors used in in vitro systems can overcome 
the restriction of growth imposed by high cell density. 
These findings have two interesting implications. First, 
the use of two pure peptides instead of a complex 
substance like serum for overcoming the block imposed 
by high cell density removes a major objection in accept- 
ing a humoral rather than a contact hypothesis for 
regulation of growth. The possibility remains that the 
pure peptides act by diminishing contact inhibition but 
this seems unlikely because the factors are effective at 
low cell densities (Fig. 1). Second, the fact that cells 
transformed by some RNA tumour viruses have an 
alteration in the EGF growth regulatory mechanisms’, 
that cultures of BHK cells transformed by SV40 viruses 
produce growth promoting polypeptides’ and our finding 
that defined peptides can release cells from density 
dependent inhibition of growth suggest that growth factors 
may have a critical role in modulating normal and 
abnormal cell proliferation. 
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Cultured human breast cancer 

cells lose selectivity in 

direct intercellular communication 

Various small molecules, up to 1,600 molecular weight", 


can pass directly between certain animal cells in contact, 
probably through gap junctions’*. Such communication 
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may partly mediate growth control in multicellular organ- 
isms and cultured cells, so that disturbances in the normal 
pattern of communication could be related to malignant 
growth’. The ‘H-nucleotide transfer method’, based on 
metabolic cooperation’ has shown that communication is 
not always an all-or-none phenomenon, but may be selec- 
tive’’’. For example, human mammary epithelial cells from 
benign tumours or milk do not communicate with human 
breast fibroblasts (HumF), although either type can com- 
municate well with homologous cells. We have examined 
the communication between cancer cells from several 
human breast cancer sources and found that, unlike normal 
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Fig. 1 Grain counts from autoradiographs, showing mean + s.e. 
Closed blocks, recipients touching donors. Open blocks, non- 
touching recipients. Donor. cells were seeded at approximately 
6 x 10% cells per 35-mm dish and recipients at 2.5 x 10° per 50-mm 
dish in the relevant medium (L cells: Dulbecco’s modified 
Eagle’s medium with 10% foetal calf serum (FCS); MDA-157 
and calf lens: medium 199 with 10% FCS; HumE (ref. 1) and 
HumF: medium 199 with 20% human serum, 15% FCS, insulin 
10 ug mi~, hydrocortisone 5 ug ml~'). After overnight incuba- 
tion at 37 °C, 2 Ci mi~ 5-#H-uridine was added to the donors 
for 3 h. The cells were then washed three times with medium, and 
recipient cells, which had just been detached by trypsinisation, 
were added in medium (199 with 20% human serum, 15% FCS, 
insulin and hydrocortisone). The donors and recipients were 
cocultured for 3h at 37 °C, fixed and processed for autoradio- 
graphy®. In each experiment five donor dishes were used and 
tested with calf lens (twice), HumF (twice) and L cells (once). 
Experiments were repeated three times and on each dish, grain 
counts were made over ten recipients touching donors, and over 
ten recipients touching neither donors, nor other recipients. a, 
HumE; b, T231; c, MCF-7; d, T162; e, T235; f, MDA-157. 
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mammary epithelium, they do not show selectivity in com- 
munication. The cancer cells fall into one or other of the 
two functional groups we have defined as non-selective 
communicators (communicate with all cells capable of 
communication) or non-communicators (unable to com- 
municate with homologous or heterologous cells) suggesting 
that the change to malignancy involves some change in the 
pattern of cell communication. 

The breast cancer cells were either established lines 
derived from malignant pleural effusions, or primary cul- 
tures obtained by the ‘spillage’ technique’’, from surgical 
specimens". Two established lines, MCF-7 (ref. 12) and 
MDA-157 (ref. 13), and three primary cultures, T162, T231 
and T235, were examined. The putative cancer cells which 
are obtained from primary and metastatic carcinomas by 
the spillage method, we have called HumE' (ref. 11), These 
cells have a low labelling index (less than 2% in 48 h), but 
metabolise and can incorporate 5-*H-uridine into their 
nucleotide pool, and hence may be used as donors. 

The transfer of 5-*H-uridine nucleotides from prelabelled 
donor cells was tested using as recipients representatives of 
each functional group, that is, non-communicators (1.929), 
non-selective communicators (calf lens), and selective com- 
municators (HumF) unable to communicate with normal 
HumE cells. Transfer of nucleotide was quantitated by grain 
counts from autoradiographs as described in Fig. 1, which 
summarises the results and presents data obtained previously 
using HumE cells as donors. The cell line MCF-7 and cells 
from the primary carcinoma T231 show a complete loss of 
ability to communicate with any of the recipients tested. 
Cell line MDA-157 and cells from T162 and T235, however, 
show a loss of selectivity in communication and donate 
nucleotide not only to calf lens but also to human mammary 
fibroblasts. Further experiments (data not shown) with the 
two established lines confirmed that MCF-7 did not com- 
municate with itself whereas MDA-157 retained this 
ability. 

The main problem in interpreting this data is that HumE’ 
cells from primary carcinomas have not been fully 
characterised as the actual cancer cells. They have, how- 
ever, been shown to be epithelial in ultrastructure’, and 
are the only cells other than human mammary epithelium 
(HumE), and human mammary fibroblasts (HumF), that 
have been obtained from primary or secondary breast 
cancers in this laboratory. HumE' cells have never been 
derived from non-malignant breast tissue or breast 
secretions, and it is therefore most likely that they do 
represent the malignant cells of the carcinoma. 

This being so, the data presented here show that malig- 
nant change may be associated not only with a loss of 
ability to communicate, but also with a loss of specificity in 
communication. Other workers have shown that whereas 
some cancer cells show a reduced ability to communicate 
directly with other cells'*®, some are good communicators”. 
Our results suggest that in both cases a change in the 
pattern of communication might have occurred. Such 
changes could be selectively advantageous for the metastasis 
of cancer cells, enabling them as non-communicators to 
ignore inhibitory signals from the other epithelial cells, or, 
as non-selective communicators to receive stimulatory 
messages from abnormal sources such as fibroblasts. 

We thank Dr M. G. P. Stoker for his valuable comments. 
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Growing central axons deprived of normal 
target neurones by neonatal X-ray irradiation 
still terminate in a precisely laminated fashion 


Tue development of the central nervous system is charac- 
terised by the formation of specific synaptic connections. 
Highly selective connections form not only between classes 
of neurones, but also between specific neurones within 
classes. An additional degree of specificity is observed 
when the presynaptic axons contact only a limited portion 
of the target neurone. This kind of specificity is con- 
spicuous in the dentate gyrus (fascia dentata) of the 
mammalian cerebral cortex. We describe here a situation 
in which the dentate gyrus offers a unique opportunity 
to test some of the hypotheses that may explain the 
selective termination of different afferents on restricted 
portions of the surface of a neurone. 

The most numerous neurones in the dentate gyrus are 
the granule cells, whose cell bodies are gathered in a 
dense layer from which the dendrites radiate towards the 
surface of the brain through the molecular layer (Fig. 1a). 
The predominant afferent fibre systems that converge 
on the granule cells are spatially segregated, with little 
or no overlap. in three distinct zones across the dendritic 
trees. The outer zone receives fibres from the lateral 
entorhinal cortex of the temporal lobe, the middle zone 
is innervated by the medial entorhinal cortex, and the 
inner zone receives afferents from the hilus fasciae 
dentatae of both hemispheres'~’ (Fig. 1a). 

The majority of granule cells develop postnatally, 
whereas the sources of their major afferents are generated 
before birth‘. Proliferating granule cell precursors are, 
unlike differentiating or mature neurones, extremely 
radiosensitive. This allows selective reduction of the 
granule cell population, while the afferent supplies would 
be expected to remain intact’. The granule cells arise 
in a temporal sequence from lateral to medial along the 
curvature of their layer*® and irradiation that reduces 
the number of cells in the lateral limb of the U-shaped 
granule cell layer totally eliminates the greater part of 
the medial limb’. 

We have studied the fate of the axons that normally 
terminate in a highly selective laminar fashion in the 
molecular layer of the medial limb of the dentate gyrus 
when this target is removed by neonatal X-ray irradiation. 
Rat pups were shielded with lead, except for a field 
above the hippocampus and the dentate gyrus, and exposed 
to X rays from a 250-kV source at a distance of 34cm. 
At a rate of 400 min™', 200R was delivered on post- 
natal days 2, 3, 5 and 7. A comparable schedule has 
been shown to irreversibly reduce the number of granule 
cells to about 20%*. The animals were allowed to live 
for 2-4.5 months when selective lesions were made in the 
medial or lateral entorhinal cortex or the commissural and 
association pathways to the dentate gyrus. After a 3-d 
survival period the animals were killed and histological 
sections through the brains made and impregnated with 
silver to show degenerating axon terminals’ or treated 
according to a histochemical method for heavy metals* 
which in normal brains precisely displays the terminal 
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Fig. 1 Schematic drawings of sections through the dentate gyrus 
and adjacent part of Ammon’s horn from a, a normal and 
b, a neonatally X-ray irradiated rat. The terminal zones of the 
converging fibre pathways are shown by different shadings. 
Three cells drawn from Golgi preparations are plotted on the 
diagrams. Directions: medial—right, anterior—bottom. x 50. 
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Fig. 2 Section through the dentate gyrus of a normal (top) and 

a neonatally X-ray irradiated (bottom) rat brain. The sections 

were stained with a histochemical method for heavy metals® and 

with thionine, they display in different shades the terminal zones 

of the afferent pathways also shown in Fig. |. Arrows point to 
the hippocampal fissure. x 45. 
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zones of the three major systems of afferents to the 
dentate gyrus (Fig. 2). 

In the irradiated animals, a histochemically distinct 
stratification is found not only in the molecular layer 
above the surviving granule cells but also medially where 
granule cells are absent (Figs 1, 2). The deep zone in 
this part is normally delimited by the granule cell layer; 
however, in the irradiated animals it merges with the 
stratum oriens beneath the pyramidal cell layer of the 
Ammon’s horn. The degeneration material shows that 
each histochemically defined zone corresponds to an equally 
distinct terminal zone of one of the three major systems 
of afferents to the dentate gyrus. Degeneration in the 
inner zone is illustrated as an example (Fig. 3). Sections 
prepared according to the Golgi method, which impreg- 
nates single neurones, show that the medially located 
terminal zones of the entorhinal projections in the absence 
of granule cells are penetrated by basal dendrites of 
pyramidal cells of the adjacent Ammon’s horn (Fig. 1b). 
These clearly elongated dendrites normally do not penetrate 
the terminal zones of the entorhinal fibres (Fig. 1a). 


Fig. 3 Section through the dentate gyrus of a neonatally X-ray 

irradiated rat brain showing terminal degeneration of commis- 

sural and association fibres (compare Figs 1, 2). Fink-Heimer 

silver impregnation. Arrows point to the hippocampal fissure. 
x 45, 


These findings indicate that the laminar distribution 
of the terminal fields of the pathways converging on the 
dentate gyrus can exist without the developing axons 
selectively recognising particular coded portions of the 
normal target cell surface. This principle is similar to 
that based on observations made on the laminar distribu- 
tion of afferents to the piriform cortex and to the dentate 
gyrus in the reeler mutant mouse. In both locations in 
the reeler, the termination is relatively independent of 
the location of the abnormally located target neurones". 

It has been suggested that the complementary ordering 
of entorhinal afferents and commissural and ipsilateral 
association fibres to the molecular layer might be accounted 
for by a sequential arrival of the two groups of fibres”. 
The earliest stage examined so far is that of the third 
postnatal day. At this time, the afferents from the 
medial and lateral entorhinal cortices and the ipsilateral 
association fibres have already arrived at the molecular 
layer and attained the same topographic relationship 
to each other as they do in mature brains. But, the 


commissural projection to the deep zone arrives several 
days later and terminates in the same field as the ipsilateral 
association fibres. This illustrates that a sequential arrival 
of different classes of afferents does not necessarily result 
in a spatial segregation of their terminal ramification”. 

The abnormal growth of the basal dendrites of pyra- 
midal cells close to the dentate gyrus is probably not a 
direct effect of radiation, since it has been shown that low- 
level X-ray irradiation of other parts of the cerebral cortex 
of immature rats results in dendrites that are shorter than 
normal”. The remarkable extension of the dendrites seen 
in this study is not understood. It may occur because the 
dentate gyrus normally hinders further growth and has 
been removed or, more likely, because the afferents de- 
prived of normal recipients induce the abnormal growth. 
There are several examples suggesting that dendritic growth 
is influenced by afferent fibres". The preparations de- 
scribed here suggest that neurones may adapt the size of 
their receptive surface in response to the amount of avail- 
able afferents. While a reduction in dendritic size, on re- 
moval of afferents, has been described’, this preparation 
indicates that the adaptation may also be in the nature of 
an increase in size. 
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I. M. Jensen, K. Kirkholt, B. Krunderup, A. Meier, T. 
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Corollary discharge 
to cockroach giant interneurones 


A PROBLEM faced by animals as they move about is to dis- 
tinguish between sensory input which is generated as a 
direct consequence of the animals’ own movements (called 
reafference’), and that generated by independent external 
events. One way an animal might handle reafference would 
be to use an approximate copy of motor output (corollary 
discharge’) to repress or otherwise compensate for it. Cock- 
roaches usually react to gentle puffs of air by rapidly run- 
ning away, the so-called ‘escape response’. Since they do not 
respond similarly to air currents set up by their own walking 
(even though the receptors involved are very sensitive to 
slight air movements from any direction’), they must have 
some mechanism for recognising and ignoring reafferent in- 
put. The escape response had originally been thought to be 
initiated by the activity of the large interneurones known as 
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giant fibres‘. This view has been disputed™*, however, and 
the function of the giants is at present unclear. I report here 
evidence that some of these giants are directly excited 
during walking by neural input which may represent cor- 
ollary discharge from motor centres in the thorax, and 
which may aid the insect in handling reafferent input. 

Neural activity in the ventral nerve cord may be moni- 
tored during walking in a cockroach by suspending and 
eviscerating the insect, and recording with suction electrodes 
while the animal walks on a lightweight styrofoam ball, 
rotating this ball beneath itself’. In these conditions, several 
units become active (Fig. 1a). These units, identified as giant 
fibres on the basis of their large amplitudes and high con- 
duction velocities'’, are considerably more active during 
walking (or in response to stimuli such as air puffs), than 
when the animal is quiet and inactive (Fig. 15). That the 
activity of these neurones is not an artefact of the experi- 
mental arrangement is suggested by the finding that a simi- 
lar pattern, that is, activity of giants during walking, 
near-silence during rest, may also be seen in animals which 
can move about freely (Fig. Ic, d). 

The GFs receive input in the last adominal ganglion from 
primary afferents arising at the bases of wind-sensitive hairs 
on the cerci, a pair of small, peg-like appendages at the end 
of the abdomen. Since I have observed that all action poten- 
tials in the giants during walking travel toward the head, 
the most obvious explanation for the observed activity is 
reafference through the cerci; that is, excitation of the 
cercal afferents by air currents set up by the animal’s own 
movements. Removal of the cerci seemed to support this 
idea, because it caused a marked reduction of neural activity 
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Fig. 1 Records of neural activity (top traces) in the ventral 
nerve cord of a single cockroach during walking (a, c) and at rest 
(b, d). a, b, Giant fibre activity in a suspended animal holding a 
styrofoam ball. The lower trace shows a monitor of the movement 
of one rear leg. Downward deflection represents extension. 
Spontaneous non-giant neural activity present in the nerve cord is 
hidden in the baseline and not visible in these records due to the 
low level of amplification used to record from the giant fibres. 
c, d, Activity ina free-walking animal. The lower trace shows the 
activity of the main femoral extensor muscle of one leg. Bursts of 
activity in this muscle indicate that the animal is walking (c). The 
muscle has a steady, low rate of firing when the cockroach is 
standing still (d). Note that very much higher levels of firing occur 
in the ventral cord during walking than at rest. 
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in the ventral nerve cord during walking. (It does not have 
any noticeable effect on the walking itself.) I have observed, 
however, that in intact animals the cercal nerves are never 
silent, even in a quiet, still room. It seems likely, therefore, 
that some of this continuous barrage of input from the cerci 
may provide subthreshold depolarisation to the recipient 
giant fibres such that any additional input would be enough 
to fire them. If the background input were removed, the 
level of depolarisation of the giants caused by other inputs 
might then be insufficient for the giant fibres to show much 
activation during walking. 

I tested experimentally the hypothesis that there are non- 
cercal inputs driving the giants. First, I set up an 
eviscerated, suspended animal with a stryrofoam ball as 
described above’. I then arranged a rubber hose over the 
abdomen of the cockroach so that a continuous stream of 
air could be blown posteriorly over the cerci. If the giant 
fibre activity which could be recorded during walking were 
only, or largely, the consequence of air currents set up 
by the animal’s own movements, then recordings of ventral 
nerve cord activity during walking in the air stream should 
show no difference from similar recordings from quiet 
animals in the air stream. On the other hand, if reafference 
from the cerci due to stimulation by air currents were not 
the main source of the activity, one would expect to see an 
increase in activity during walking even in the presence of 
the air stream. The latter turned out to be the case. 
show no difference from similar recordings from quiet 
cockroach there is an initial burst of activity in the giant 
fibres in the ventral nerve cord which settles in to fairly high- 
frequency firing for a minute or more (Fig. 2a). If the 
velocity of the air stream is high enough this activity will 
soon die away (even though the air is still on) (Fig. 25). In 
the stream of air, even vigorous puffs of air directed at the 
cerci from only a few centimetres away elicit no responses 
from the giant fibres (Fig. 2c), suggesting that in this situa- 
tion the animal cannot generate air currents capable of 
eliciting any giant fibre response. Nevertheless, when the 
animal walks, one still observes the strong activity of the 
GFs also seen in animals not in an air stream (Fig. 2d). This 
activity disappears when the animal is again quiet (Fig. 2e). 

While these results show that the giant fibre activity ob- 
served during walking is not brought about by stimulation 
of hair receptors by air currents, they do not eliminate the 
possibility that other receptors on the cerci or elsewhere 
could be stimulated by walking and thereby excite the 
giants. Cricket giant fibres, for example, are known to be 
very responsive to vibrational stimuli’. To test the possibility 
that reafference from vibration-sensitive receptors in the 
posterior of the abdomen was responsible for giant fibre 
activity during walking, I arranged an animal so that the 
posterior third of its abdomen was supported by a small 
platform fastened to a wooden framework resting on the 
floor. The rest of the animal was supported at the thorax 
by a holder resting on the bench. By completely severing 
the abdomen, except for the nerve cord, between the plat- 
form and the other holder, it was possible to isolate mecha- 
nically the posterior part of the abdomen from the rest of 
the animal. Tests showed that vibrational stimuli which 
before the operation easily caused some of the giants to fire 
failed to do so after the operation. Nevertheless, giant fibre 
activity concommitant with walking was still apparent. To 
eliminate the effects of air currents in this situation, I also 
placed animals treated like this in an air stream, or coated 
their cerci with petroleum jelly. In no case was the giant 
fibre activity elicited by walking eliminated. 

I conclude from these experiments that reafference from 
cercal or other receptors during walking is not sufficient to 
account for the giant fibre activity which can be observed. 
Instead, it seems that the animal actively turns on some of 
the giants, by sending excitatory signals through small fibres 
down to the last abdominal ganglion from the thorax or 
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Fig 2. Records of neural activity in a suspended coackroach in 
the presence ofa continuous, tailward stream of air. Upper traces, 
ventral nerve cord record; lower traces, leg movement monitor 
(down is extension). a, Onset of the air stream (left) and activity 
1 min later (right). b, Activity after several minutes. c, Activity 
during delivery of puffs of air (bars above the-record) at the 
cerci. The lack of response to the puffs indicates that in the 
presence of the air stream, additional air currents are ineffective 
in eliciting giant fibre activity. d, Activity during walking, in the 
air stream. e, Activity during rest, still in the presence of the 
air stream. 


higher centres. It should be possible to test this hypothesis 
by cutting the ventral nerve cord in the abdomen. Recep- 
tors posterior to the lesion would continue to provide their 
stimulatory input during walking, but the descending 
excitation would be eliminated, thereby eliminating or 
drastically reducing giant fibre activity during walking. 

This experiment was performed. A cockroach was pre- 
pared as before and recordings taken from two positions on 
the same side of the ventral nerve cord, one just anterior 
to the last abdominal ganglion, and one at about the middle 
of the abdomen. After recording the neural activity at both 
sites during walking (Fig. 3a), the entire nerve cord was 
severed between the two recording electrodes. The effect 
of this procedure was a dramatic reduction in giant fibre 
activity recorded at the posterior electrode during walking 
(Fig. 36). Cutting the nerve cord did not seem to change 
the responsiveness of the giants to cercal stimulation since 
gentle puffs of air still elicited vigorous firing in the intact 
segments of the giants posterior to the cut. The result there- 
fore clearly supports the hypothesis that descending excita- 
tion to the giants, which accompanies motor activity in the 
legs, is the main factor in bringing about the activity during 
walking. 

Compensating for reafference can be a special problem 
for an animal which has sensitive sensory systems which can 
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Fig. 3 Records of neural activity in a suspended cockroach 
before (a) and after (b) cutting the ventral nerve cord between the 
two recording electrodes. Top trace, recording from anterior- 
most electrode; bottom trace, recording from posterior-most 
electrode; middle trace, leg movement monitor (down is 
extension). Note the complete abolition of giant fibre activity in 
the anterior record (because the headward-moving spikes in the 
giant fibres cannot pass the cut) and the drastic reduction of 
activity in the posterior record after the ventral cord was cut. 


be stimulated by the animal’s own movements and whose 
activity can trigger evasive behaviour. Some fish and amphi- 
bians with lateral line systems handle the problem by sup- 
pressing the activity of the sensory systems, either centrally 
or peripherally’. Insects may use this mechanism as well. 
The activity of some of the giant fibres can be inhibited 
during walking in the cricket” and in the cockroach (D. L. 
Daley, personal communication). 

The results I report here show, however, that in cock- 
roaches there is also a population of giants which is excited 
during walking. Since the excitation seems to derive from 
thoracic or higher centres and parallels movements of the 
legs, it can be considered to represent corollary discharge 
from the thoracic locomotor control centres. Excitation of 
some of the giant fibres by this corollary discharge pre- 
sumably would have a role in allowing the animal to respond 
more quickly to escape-producing stimuli while it is walk- 
ing, but at present even this possibility is only speculation, 
and the mechanism by which it would function is completely 
unknown, 

D. L. Daley and B. J. Mendius made useful comments on 
the manuscript. The work was supported by a Bio-Medical 
Science Support Grant and USNIH grant NS12142. 
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Regulation of adenylate cyclase 

activity in glial—-adrenal hybrid cells 

SOMATIC cell hybrids, formed by fusion of hormone-responsive 
and insensitive cells, have been used to evaluate the structure and 
genetic regulation of the hormone-sensitive adenylate cyclase 
system, In the cell hybrids studied so far, catecholamine- 
sensitive adenylate cyclase activity was lost when catecholamine- 
responsive and insensitive cells were fused, Prostaglandin E, 
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(PGE, )-sensitive adenylate cyclase activity, on the other hand, was 
retained in hybrids between PGE, -sensitive and insensitive cells. 
Where examined, the presence or the absence of hormone 
sensitivity in the hybrids closely correlated with hormone receptor 
activity as measured by ligand-binding assays’. These observ- 
ations suggest that genetic mechanisms may control the expression 
of hormone responsiveness at the level of the hormone receptor. 
To examine these patterns of regulation further, we have formed 
cell hybrids between rat glial tumour cells with adenylate cyclase 
activity responsive to B-adrenoceptor agonists’ and mouse adre- 
nocortical tumour cells with adrenocorticotrophic hormone 
(ACTH)-sensitive adenylate cyclase activity", Besides having 
distinct functional hormone receptors, the adenylate cyclases of 
parental cells exhibit marked quantitative differences in response 
to fluoride ion”**. We find that the glial~adrenal hybrids retain the 
adrenaline-sensitive adenylate cyclase activity characteristic of the 
glial parent, and lose ACTH sensitivity. The level of the fluoride 
response, however, is characteristic of the adrenal parent. These 
data indicate that hormone receptor and catalytic unit activities in 
the adenylate cyclase system are independently regulated. 

The clones used in the cell hybridisation experiments presented 
here are listed and described in Table 1. C6 cells were from a rat 
glial tumour cell line’? ; Y1 and OS3 adrenocortical cells were from 
mouse adrenocortical tumour cell lines!!:'?, The isolation and 
characterisation of C6 cells deficient in thymidine kinase activity 
(TK `) has been described previously!>. The isolation of Y1, OS3 
and C6 clones deficient in hypoxanthine-guanosine phosphori- 
bosyl transferase activity (HGPRT ~) was accomplished by mut- 
agenesis with ethyl methanesulphonate 300g m! ~! and selection 
with 6-thioguanine 5 ug ml~?. The HGPRT” parents had less 
than 5% of the HGPRT activity'* of controls and did not form 
colonies when 107 cells were plated in the presence of amethop- 
terin'*. Cell hybrids were prepared by fusing 10° HGPRT- 
adrenal cells in monolayers with 10* TK” glial cells, using 
chemically inactivated Sendai virus (Connaught Laboratories) as 
described by Watkins'®. After fusion, hybrids were selectively 
grown in medium containing hypoxanthine, thymidine and 
amethopterin'?:'", The hybrid nature of the cells isolated in 
selective growth conditions was confirmed by analysis of kary- 
otypes'*. Cells isolated after fusing Yl ygpry~ OF OS3 cpr” cells 
with C6;x~- cells were polyploid with slightly fewer than 14 
metacentric chromosomes denoting the contribution from one 
glial and one adrenal parent (Table 1). 

The adenylate cyclase systems from glial and adrenal parental 
cells were readily distinguished by their responses to hormones and 
to fluoride. In the C6 cell lines, adenylate cyclase activity was 
increased by adrenaline, whereas in the Y 1 cell line, the enzyme was 
stimulated by ACTH (Table 1). High levels of fluoride-stimulated 
enzyme activity (approximately 200 pmol cyclic AMP formed per 
min per mg protein) seemed to be a characteristic feature of the 
mouse adrenocortical tumour cells*-?!°, and also was observed in 
the OS3 adrenal line, an ACTH-insensitive, Y1 cell variant (for 
example, Table 1). These levels of fluoride-stimulated adenylate 
cyclase activity were > threefold those seen in C6 cells (ref. 7), in 
TK- and HGPRT™ subclones (Table 1), or in C6r, > X COncprr- 
hybrids (Table 1). 

Hormone sensitivity in C674 - x Y lucerr hybrids resembled 
that of the C6,, - glial cell parent. Adenylate cyclase activity was 
stimulated by adrenaline, but not by ACTH (Table 1). In the 
presence of fluoride, adenylate cyclase activity was > 200 pmol 
cyclic AMP formed per min per mg protein, characteristic of the 
Yl ycerr~ adrenal parent (Table 1). These patterns of expression 
were observed consistently in 11} different C6,,~ x Ylucerr- 
hybrid populations, in four Cór- x OS3ycpry- hybrids, and also 
in clonal isolates from each (Table 1). 

The retention of adrenaline sensitivity (B*) and loss of ACTH 
sensitivity (ACTH `) in the adenylate cyclase system of glial (B*, 
ACTH” )-adrenal (ACTH *, £~) hybrids, suggest the presence of 
regulatory influences distinct from those reported previously +. 
The high level of fluoride-stimulated adenylate cyclase activity 
observed in the glial-adrenal hybrids but not in glial~glial hybrids 
(Table 1) indicate the contributions of adrenal components 
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Tabie l Properies of parental el clones and hy brids 
Chromosome number Adenylate ayek activity 
Cell line Total Metacentric Basal Adrenaline ACTH NaF n 
Parents 
Chr- 35 l4 72 9441 ND 6646 4 
COyceet 42 14 1041 S145 ND 61+7 4 
HGPRT” 40 0 641 ND 4043 217423 5 
3aGeet” 42 0 2 2 2 190 1 
Hybrids 
Córk- X Y luct” aa a 89) 12 1343 66+16 1443 263-431 l 
Cór- cloned ND 26 199 24 424 
C674 X OS3uGprT 82 (73-88) l 543 60+8 442 231455 
Crk- cloned 88 (79-95) 9 6 79 6 437 
Cór- x COncerr~ 72 ND 6+1 4348 6+) 5947 
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Chromosome numbers for parental lines are modal numbers based on scores from at least 50 spreads. Values for hybrids are either modal numbers or : 


averages with the range given in parenthesis. 


Adenylate cyclase activity is given as pmolcyclic AMP formed per min per mg protein +s.e.m. The number of determinations is given under n. Adrenaline: 
> M were added where indicated. C6 cells are insensitive to ACTH and Y I cells are insensitive to. 
. Activity was assayed in cell homogenates by conversion of labelled ATP to labelled cyclic AMP” ® 


33x 1075 M; ACTH 1-242 x 1075 M; and NaF 15 x 107 
adrenaline’? 


ND, Not determined, 


The total hybrid population surviving each selection was analysed. Data were accumulated from the n hybrid preparations indicated in the last column, 


determining the catalytic activity of the adenylate cyclase system. 
Glial components of the fluoride response may be present but 
masked. Membrane fusion experiments of Orly and Schramm?° 
suggest that a receptor from one cell should be able to couple 
functionally with the adenylate cyclase from another cell. These 
observations raise the interesting possibility that the adenylate 
cyclase system in the glial--adrenal hybrids is a mixture of 
components from each parent. 
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_ Tricyclic antidepressant drugs 
‘block histamine H, receptor in brain 
THE observation that cyproheptadine is a competitive 


antagonist of the histamine H: receptor linked to adenylate 
cyclase in brain’ suggested that the chemically similar 


tricyclic antidepressant drugs may also have this activity. 


To test this hypothesis, four tricyclic antidepressants...’ 


representing four different structural types—were tested on 
the H; receptor linked to adenylate cyclase in homogenates. < 
of the guinea pig hippocampus and cortex. Both dimaprit 
and histamine were used as agonists. Dimaprit has potent 
activity at the H; receptor with negligible activity at the Hi 
receptor, that is, less than 0.0001% of that of histamine’. 
Each experiment was done on fresh preparations of hip- 
pocampus and cortex from adult guinea pigs. The tissues = 
were homogenised in a Potter-Elvejhem glass-Teflon vessel 
in 50 volumes of a medium containing 0.32M sucrose, 
5 mM Tris-chloride, I mM EGTA, and 1 mM dithiothreitol, 
pH7.4. The method for measuring adenylate cyclase 
activity has been described’. The assay system contained 
75mM Tris-chloride (pH 7.4), 1mM ATP, 2mM MgCh, 
1mM_ cyclic AMP, 5mM phosphocreatine, 0.5 mg ml” 
creatine kinase (ATP creatine phosphotransferase, EC 
2.7.3.2) 4mM theophylline, 10°°M GTP, 0.1M sucrose, 
0.3 mM EGTA, 0.3mM dithiothreitol, and enzyme pro- 
tein (150-190 wg) in a final volume of 225 4l. All assays 
were performed in triplicate. All additions were made to: the 
assay tubes on ice. They were then transferred to a 30°C 
shaking incubator and preincubated for 5 min to allow the 
enzymatic activity to reach a steady rate and to eliminate 
the influence of any lag periods in hormone activation. 
After the preincubation period, 25 ul a-"P-ATP (1-2 Ci) 
were added and the reaction was allowed to proceed for. 
13 min when it was stopped by adding 100 al of 1% sodium: 
dodecylsulphate. After addition of 650 ul of “H-cyclic AMP. 
(5,000-10,000 c.m.p.) to monitor recovery, the labelled 
cyclic AMP was isolated with alumina and Dowex AG- 
50W (ref. 4). The reaction was linear with protein con- 
centration® in the range used and for at least 15 min after 
the addition of the a-"P-ATP. Curve fitting techniques" 


with the PROPHET (ref. 7) computer system were used 
to estimate the apparent EDs) (50% effective dose) values, | 
maximum stimulation by agonists, and parallelism of the — 


dose-response curves. Antagonism was analysed by means 
of Schild plots**. 

All four tricyclic antidepressants shifted the dose- 
response curve of histamine- and dimaprit-stimulated 
adenylate cyclase in a parallel manner. Figure 1 shows 
histamine-stimulated adenylate cyclase activity in the 
absence and presence of amitriptyline. The competitive 
nature of antagonism by amitriptyline and imipramine was 
further revealed by Schild plots. As shown for amitriptyline 
(Fig. 2) the slope of the Schild plot, with either histamine 
or dimaprit as agonist, is 1.02, which is not significantly 
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Fig. 1 Increase in adenylate cyclase activity of the guinea pig 

hippocampus in response to varying concentrations of histamine 

in the absence and presence of different concentrations of 

amitriptyline. Each point is the mean of triplicate determinations 

on a single enzyme preparation. Amitripyline alone did not 

affect basal activity. Control, ^A; amitriptyline at 4x107 M, 
(7; 107° M, ©O;4« 107° M, @; and 10 M, E. 


different from unity. Table 1 summarises the pA, values 
of the four antidepressants. Amitriptyline is the most active 
drug, about as potent as cyproheptadine (pA:=7.43, ref. 1). 
Dibenzepin and iprindole have about 100-fold less affinity 
for the cyclase. As the histamine-sensitive adenylate cyclase 
in broken cell preparations of guinea pig cortex and hip- 
pocampus respond identically to histamine, dimaprit and 
antagonists’, it was appropriate to compare the sensitivities 





Table 1 pA, values of tricyclic antidepressant drugs in inhibiting 
histamine- and dimaprit-stimulated adenylate cyclase activity in 
homogenates of guinea pig hippocampus 





pA, values 


Drug Histamine Dimaprit 
Amitriptyline 7.47+0.55 (7) 
Imipramine 6.61 -+0.19 (6) 
Dibenzepin 5.81 +0.11 (3) 
Iprindole 5.49 +-0.27 (3) 








Values are means +s.d. The numbers of different hippocampi 
that the drugs were tested on are given in parentheses. 


of the cyclases in the cortex and hippocampus to tricyclic 
antidepressants. Figure 2 shows that the values obtained 
on homogenates from cortex are described by the same 
Schild plot as derived from observations on homogenates 
of the hippocampus. 
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It should be noted that these drugs also blocked dimaprit- 
activated adenylate cyclase activity in a competitive 
manner. Since dimaprit has negligible H:-antagonist activity’ 
the inhibition of dimaprit-sensitive adenylate cyclase by 
tricyclic antidepressants permits their classification as 
histamine H: antagonists. The pA» values of H; antagonists 
on histamine- or dimaprit-activated adenylate cyclase 
activity in homogenates of guinea pig hippocampus’, and 
cortex’, and cardiac ventricles’ were very nearly identical 
to the pA: values on pharmacological preparations thus 
showing that blockade of this adenylate cyclase in these 
tissues reflect pharmacological effects on the H: receptor 
in other tissues. 

Brain concentration of imipramine after a single dose of 
15 mg per kg body weight intramuscularly was found” in 
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Fig. 2 Schild plot for inhibition by amitriptyline of dimaprit- 
and histamine-stimulated adenylate cyclase activity in the guinea 
pig hippocampus and cortex. The dose ratios (DR) were calcul- 
ated as the ratio of the EDs, of histamine in the presence and 
absence of different concentrations of amitriptyline (B). Simple 
competitive antagonism results in a straight line of slope 1 when 
log(DR —1) is plotted against logB; and the intercept with 
the abscissa is—logKp, where Ka is the apparent dissociation 
constant for the antagonist-receptor interaction; ~—logK, is 
referred to as pA. The slope of the line is 1.02, not significantly 
different from unity, and the pA, value is 7.35. Each point is the 
mean of experiments on tissue from at least two animals. 
Dimaprit stimulated activity in @, hippocampus and |], cortex. 
©, Histamine stimulated activity in hippocampus. 
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Table 2 Potencies of some tricyclic antidepressant drugs in blockade of the histamine H, receptor, the muscarinic receptor, and in inhibiting 
uptake of 5-hydroxytryptamine (5-HT) and noradrenaline (NA) 





Anti-H, activity 


Antimuscarinic activity 





IC; (M) for inhibition of uptake: 


Drug Ky*(M) ICsot (M) Kgi (M) Kp§(M) 5-HT (ref.14) NA (ref. 15) 
Amitriptyline 3.4 x 1078 6.8 x 1078 3.3 x 1078 8.3 x107 4.9x 1077 5.5 x 1078 
Imipramine 24x107 48x107 20x107 6.5 x 1078 2.81077 1.0 107% 
Dibenzepin 1.5 x 10 3.0 x 107% 1.8 x 10-6 — — —- 
Iprindole 3.2« 10-8 6.4x 10-8 — 1.0 x10 a 





6x10°" M. 
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rat to be 1,500ag 1, which corresponds to 5.4X10°°M 
This concentration is higher than the apparent Ks value 
(Table 2), suggesting that the brain H: receptors could be 
occupied in vivo after administration of pharmacologically 
active doses. Among the mechanisms proposed to account 
for the pharmacological effects of the tricyclic antidepress- 
ants are blockade of ‘re-uptake of noradrenaline and of 
§-hydroxytryptamine and blockade of muscarinic receptors. 
Table 2 shows the potency of these drugs at these sites and 
at the He receptor. Their Ks values at the Ha receptor and 
muscarinic receptor (column 3 of Table 2) are surprisingly 
similar. The ICs values (concentrations for 50% inhibition) 
for uptake cannot be directly compared with the ICs values 
for blocking the H: receptor because the affinities of 5- 
hydroxytryptamine and noradrenaline for the uptake 
system are not known; but the estimates (Table 2) suggest 
that potency for H: blockade is at least comparable with 
potency in blocking uptake of the amines. 

Nevertheless, the information available cannot support 
an assertion that blockade of the H: receptor (or any other 
single action of these drugs) contributes to their therapeutic 
effect. But some of: the pharmacological effects of the 
antidepressant drugs may rest on blockade of He receptors. 
For example, histamine increases fluid consumption in rats 
by a central mechanism", and tricyclic antidepressant 
drugs diminish fluid consumption in rats. One of the rare 
adverse effects of these drugs is hallucinations”; perhaps 
pertinent is the finding that the hallucinogen, d-lysergic 
acid diethylamide, also blocks the H: receptor’. Of special 
and practical interest is that amitriptyline has greater 
affinity for the Hy receptor (Table 1) than does cimetidine 
(pA:=6.22; ref. 1), the H: antagonist that is so effective in 
treating peptic ulcer’. The antimuscarinic activity of 
some of the tricyclic antidepressants should further enhance 
their usefulness in treating this disease. Like cimetidine, 
antidepressant drugs have been shown to decrease gastric 
acidity in man” and gastric acid secretion in laboratory 
animals?” and to prevent gastric ulcer formation in 
animals**?’-*.-effects that were also noted wtih an anti- 
depressant drug lacking antimuscarinic activity”. 
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Reversal of the Na-K pump 
and apparent affinity 
for intracellular potassium 


CENTRAL to all formulations of the transport mechanism 
of the membrane Na-K pump should be the description 
of cation binding and release. The acceptance sites for 
transport by the pump, external sites for K and internal 
sites for Na, have been extensively studied, and linked to 


the activating sites of the associated Na,K-ATPase’. By- a 


contrast, little is known about the discharge sites of the 


pump, although proposed characteristics of these sites have = 


vital roles in various transport and enzyme schemes, such 

as cyclical conversions of discharge sites for one cation 

into acceptance sites for the other. We have studied the ; 
apparent affinity for K at its intracellular discharge sites 

by measuring the rate of ATP synthesis as a function of 

the internal K concentration in resealed red blood cell 

ghosts, where the Na-K pump is driven in reverse by the 

downhill efflux of K and influx of Na: the observed Kos 

for internal K was 0.3 M. 

Resealed ghosts were prepared from fresh, human red 
blood cells, following the procedure of Bodemann and 
Passow? and Bodemann and Hoffman‘. Cells, washed three 
times in 160mM choline chloride-10mM _ Tris-HCl (pH 
7.4), were suspended at 50% haematocrit in isotonic 
Tris-HCl (166mM, pH 7.4) at 0°C, and then rapidly 
mixed with 10 volumes of ice-cold haemolysing solution‘ 
containing 1 mM ATP, 2mM ADP, 9mM MgCh, 10 mM 
iodoacetate, and 5mM “P-phosphate. After 5 min the salt 
concentration was restored to 160mM by adding 3.2 M 
KCI (or KCI plus choline chloride at a total concentration 
of 3.2 M), to give final KCI concentrations of 60-160 mM. 
After a further 5min the ghosts were resealed by 
incubating for 60min at 37°C. The ghosts were then 
washed five times in 160 mM choline chloride-10mM 
Tris-HCl. Most ghost cells prepared in this manner are 
relatively impermeable to cations’? and capable of active 
transport? of Na and K. 

To measure incorporation of “P-phosphate into ATP, 
the resealed ghosts, at a final haematocrit of 3%-5%, 
were incubated at 37 °C in 160 mM NaCl-10 mM Tris-HCI 
(pH 7.4) in the presence and absence of 0.2 mM ouabain. 
At timed intervals samples were removed and the ghosts 
washed twice at 4°C in 160mM choline chloride~10mM 
Tris-HCl. The packed ghosts were haemolysed in a solution 
containing 1.4mM ATP and 2 uM phosphate. (To estimate. 


the initial level of internal K and “P-phosphate, ghosts 
that were resealed but not incubated were treated the 
same way.) Aliquots were then removed to determine the _ 


K and haemoglobin contents. To precipitate the protein in 
the haemolysate ice-cold trichloroacetic acid was added: 
(final concentration 5%), and the mixture centrifuged. 
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Table 1 Incorporation of ??P-orthophosphate into organophosphate 
by reversal of the Na-K pump in resealed red cell ghosts 





° Of total initial radioactivity in organophosphate 


Expt Total Plus ouabain Ouabain-sensitive 
1 2.19 1.73 0.46 
2 3.41 2.97 0.44 
3 2.05 1.91 0.14 
4 2.73 2.17 0.56 
5 3.51 3.15 0.36 


meee 


Ghosts were resealed in a solution containing 160 mM KCI, plus 
other constituents as given in the text. The ghosts were then incubated 
for 15 min at 37 "C in 160 mM NaCl-10 mM Tris-HCl, in the presence 
and absence of 0.2 mM ouabain. The ouabain-sensitive incorporation 
of 3?P into organophosphate is assumed to represent synthesis of ATP 
by reversal of the Na-K pump. 
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Fig. 1 Time course of incorporation of ?*P-orthophosphate into 
organophosphate by reversal of the Na-K pump. Red cell ghosts 
were resealed in solutions containing KCI at 160 mM (@) or 
80 mM (©), plus other constituents as given in the text. At the 
times indicated during incubation, samples of the ghosts were 
taken for determination of **P-labelled organophosphate and of 
K concentration. In each experiment, the ouabain-sensitive 
incorporation of **P into organophosphate (as a fraction of the 
initial content of ?*P-orthosphate) was normalised to the value at 
15 min for ghosts resealed in 160 mM KCI. Results shown are 
from four experiments with ghosts resealed in 160 mM KCI 
(mean final [K] in the ghosts, 95 mM 4-8, s.e.m.). In three of these 
experiments ghosts resealed in 80 mM KCI were also used (mean 
final [K], 54 mM 46). Vertical bars indicate s.e.m. values (except 
for the value to which the others were normalised). The lines 
were fitted by eye. 


The supernatant material was adjusted to pH 5-6 with 
Tris, unlabelled phosphate added as carrier, and inorganic 
phosphate extracted as the phosphomolybdate complex’. 
Radioactivity remaining after the extractions, ‘’P- 
organophosphate’, was then measured by liquid scintillation 
counting. 

In these conditions ghosts resealed in 160 mM KCI and 
incubated for 15min in 160mM NaCl incorporated about 
3% of the initial “P-phosphate into the organophosphate 
fraction (Table 1). Of this incorporation, about 14% was 
inhibited by ouabain (0.4% of the initial **P-phosphate), 
and this synthesis is assumed to reflect reversal of the 
Na-K pump‘*, In similar experiments Garrahan and 
Glynn* found 0.5% of the initial ”P incorporated after 
15 min, and 40% of this was ouabain-sensitive (0.2% of 
the initial ”P). 

In a preliminary experiment the extract was separated 
by ion-exchange chromatography’. ouabain-sensitive 
incorporation into material eluting with authentic ATP 
was demonstrated, together with a smaller fraction 
eluting with ADP. Garrahan and Glynn‘ similarly found 
that the bulk of incorporated ”P eluted with ATP: the 
labelling of ADP was attributed to the action of adenylate 
kinase. In the same experiment ouabain-sensitive influx 
of *Na was also demonstrated“. This flux could not result 
from Na-Na exchange since the ghosts, containing a high 
K content, were virtually free of internal Na. 

The time course of ouabain-sensitive incorporation of 
“P into organophosphate was nearly linear for 20-30 min, 
with ghosts resealed in either high or low KCI media 


Nature Vol. 269 8 September 1977 


(Fig. 1), although there was considerable error in the 
estimation of incorporation at 30min. In these and 
subsequent experiments the rate of incorporation in each 
case is normalised to that of ghosts resealed in 160 mM 
KCI and incubated for 15 min, measured concurrently, 
defined as 1.0. Normalisation was necessary because of 
the variation in absolute incorporation between different 
preparations of ghosts (Table 1). The measured K con- 
centrations were less than those of the resealing media 
(Fig. 1), but the loss did not occur during the experimental 
incubation: there was no detectable decrease in K content 
between 0 and 30 min. 

Since it was possible to estimate in 15 min the initial rate 
of ouabain-sensitive incorporation, the effect of the internal 
K concentration on this rate was examined (Fig. 2). Al- 
though there were again large errors associated with the 
estimates of incorporation, there was a positive correlation 
between the measured K concentration within the ghosts 
and the rate of synthesis. Moreover, these data, replotted in 
double-reciprocal form (Fig. 2, inset) fit well a linear 
relationship, giving a Kes of 0.3 M for K-activation of ATP 
synthesis through reversal of the Na-K pump. 

This Ko.s is two to three orders of magnitude greater than 
the apparent affinity for K at sites inhibiting the binding of 
ATP", sites that have been interpreted’ as representing the 
internal discharge sites for K. By contrast, this Ko; for 
pump reversal is only twofold greater than the K; for K as 
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Fig. 2 Incorporation of **P-orthophosphate into organophos- 
phate in resealed ghosts containing various K concentrations. 
Ghosts were incubated for 15 min at 37 °C. The horizontal and 
vertical bars indicate s.e.m. values for, respectively, the measured 
K concentrations in the ghosts and the ouabain-sensitive incor- 
poration of *°P into organophosphate (except for the values at 
the highest K concentration, to which the others were normal- 
ised). The results shown are from four experiments, each with 
ghosts containing four different K concentrations, plus a fifth 
experiment with ghosts at two K concentrations. In the inset, 
these data are replotted in double reciprocal form, and the 
straight line was fitted by the method of least squares; the 
calculated Ky, is 297 mM. 
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a non-competitive inhibitor of K-dependent phosphatase 
activity of the Na,K-ATPase”, an effect considered’ as 
product-inhibition through occupancy of discharge sites for 
K. 
For K-K exchange through the pump the concentration 
of internal K for half-maximal activation is only 10 mM 
(ref. 11), well below the Kos found here. This discrepancy 
may reflect mechanistic differences between the two pro- 
cesses; for example, K influx occurs with K-K exchange 
but not with pump reversal, so if influx becomes rate- 
limiting before internal K sites (involved in both exchange 
and reversal) are saturated, then different responses to inter- 
nal K might be seen. Alternatively, K-K exchange may 
involve cyclical changes in K sites, rather than a simple 
shuttling through K channels. Since the K, for K as a 
competitor to Na at the internal Na sites is 9 mM (ref. 12), 
close to the Ky; for K in K-K exchange, it is tempting to 
consider that efflux during K-K exchange involves those 
Na sites. Further quantitation of Na-K interactions" as well 
as elucidation of the role of inorganic phosphate’ will be 
needed before the nature of the exchang mechanism can 
be fully resolved. 

For the Na-K pump the data can be accommodated in 
formulations featuring K discharge sites (Kos approximately 
300 mM) that may be cyclically converted to acceptance 
sites for Na (K; for K about 9mM), the latter 
possibly also serving in K-K exchange as acceptance sites 
for K (Kua; approximately 10 mM). In any case, our results 
clearly demonstrate the presence of internal low-affinity 
sites for K in conditions in which Na acceptance sites would 
be expected (that is, high nucleotide content and physio- 
logical K concentration). The observations thus support 
formulations! in which distinct sites and channels for 
Na and K co-exist, perhaps on different subunits, perhaps 
with interconversion of these two classes of channels with 
each pump cycle. 
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Analgesic activity of lipotropin C fragment 
depends on carboxyl terminal tetrapeptide 


A SERIES of peptides with morphine-like activity has been 
identified in extracts of pituitary’? and braint”. With 
the exception of Leu-enkephalin, all those characterised 
represent some fraction of the 31-residue C fragment-—a 
specific activation product of lipotropin™*. Several attempts 
have been made to define the receptor requirements of 
opiate peptides’’’ and to make potent and stable 
agonists"'''?, but essentially all the studies have been 
based on the easily synthesised NH:-terminal pentapeptide 
of C fragment, Met-enkephalin. Unlike the enkephalins, 
C fragment has a high potency in its central actions”, 
in vivo and in vitro, and it is relatively stable to brain 
peptidases'”"*. C fragment is the only naturally occurring 
peptide to possess strong analgesic properties and have a 
long lasting action”. It is clear that specific regions of 
the molecular structure, not present in y and a endrophin 
or Met-enkephalin, have a role in the expression of its 
central activity. We present here evidence that the COOH- 
terminal tetrapeptide of C fragment, Lys-Lys-Gly-Gin, is 
responsible for the unique affinity of C fragment for brain 
opiate receptors and that the presence of all four residues 
is essential for the high analgesic potency. 
Lipotropin, C fragment (61-91) and C’ fragment (61-87) ` 
were isolated from porcine pituitary’. The 61-89 peptide 
and the e-N-pentacitraconyl derivative of C fragment were 
prepared as described in Table 1. Opiate binding assays 
were carried out by measuring the ability of peptides to 
reduce the specific binding of “H-naloxone and "H-dihydro- | 
morphine to opiate receptors in washed synaptosomal . 
membranes from rat brain. Analgesic potencies were 
determined by a tail flick assay using rats with indwellng 
cannulae”. f 
The affinity of C fragment (lipotropin 61-91) for brain 
opiate receptors, assessed by displacement of “H-naloxone, 
was decreased by removal of the COOH-terminal glutamine 
and glycine residues (Table 1). C’ fragment (61-87), which 
lacks two lysine residues in addition to glutamine and 
glycine, exhibited. a much lower affinity; its ability to 
displace *H-naloxone was 40 times less than that of C 
fragment. 
a an Sa ene 


Table 1 Binding of C fragment and derivatives to brain synaptosomal 
membranes 


Concentration required to 


Peptide displace 50% of bound opiate 
3H-naloxone *H-dihydromorphine 
(10°M) (10°M) 
C fragment 2.6 22 
C fragment (61-89) 74:2 (4) 2.2+0.5 (4) 
C fragment (61-87) 100 42 
{CT,] C fragment 4,000 710 
Acid-treated [CT,] C fragment 3.0 2.5 
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Desglutamine desglycine C fragment (61-89) was obtained by pro- 
longed carboxypeptidase A digestion of citraconylated C fragment. 
The product was isolated by gel filtration on Sephadex G50 in 200 
mM N-ethylmorpholine acetate at pH 8.5. ¢-N-pentacitracony!l C 
fragment ({CT,] C fragment) was prepared by trypsin digestion of 
citraconylated porcine lipotropin. The peptide was purified by gel 
filtration on Sephadex G50 in 20 mM Tris-HCl at pH 8.5 and by ion- 
exchange chromatography on DEAE-Sephadex A25 at pH 8.5. 
Citraconyl groups were removed from peptides by incubation with 
100 mM pyridine acetate at pH 4.0 for 24 h at 37 °C. Volatile buffers 
were removed by evaporation in a vacuum and by desalting on 
Sephadex G25. Peptide purity was established by amino acid analysis 
and NH,- and COOH-terminal determinations. Opiate binding assays 
were performed using displacement of radiolabelled alkaloids from 
brain synaptosomal membrane preparations as a measure of the 
relative affinity of a given peptide*. The percentage error of the mean ;: 
of a determination was generally better than 3%. The standard 
deviations shown include results obtained from two preparations of 
the 61-89 peptide. 
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Similar results were obtained when displacement of *H- 
dihydromorphine was used as an index of receptor binding, 
but the decrease in affinity associated with removal of the 
COOH-terminal residues from C fragment was less marked. 
Thus, desglutamine desglycine C fragment (61-89) exhibited 
a receptor affinity comparable to C fragment and removal 
of the two lysine residues reduced affinity 19-fold. 

The results indicate an important role for the paired ly- 
sine residues, and to a lesser extent glycine and glutamine 
at the COOH-terminus, for the binding of C fragment to 
brain opiate receptors. A requirement for positive charges 
on the lysine residues was suggested by study of the binding 
properties of a pentacitraconyl derivative of C fragment, in 
which the five lysine amino groups were masked by anionic 
substitution. The affinity of the citraconyl derivative, 
measured by displacement of naloxone, was three orders of 
magnitude less than the affinity of C fragment. 

It was notable that the potency of e-N-pentacitraconyl 
C fragment in displacing *H-dihydromorphine was greater 
than its potency in displacing *H-naloxone (Table 1) and in 
this respect the citraconylated derivative resembles Met- 
enkephalin. This is consistent with the finding that modifica- 
tions in the COOH-terminal region of C fragment have 
more effect on the inhibition of naloxone binding than on 
the inhibition of morphine binding. 

The analgesic activities exhibited by C fragment, the 
61-89 peptide and C’ fragment reflected their abilities to 
displace *H-naloxone in the binding assay. Removal of the 
glutamine and glycine residues from the COOH-terminus of 
C fragment reduced the analgesic potency (Fig. 1). The 
effect of removing the two lysine residues, shown in the 
properties of C’ fragment, was to cause a severe loss of 
potency; the 61-87 peptide possessed approximately 1/500th 
the activity of C fragment. 

Although the potency of C’ fragment was low, its anal- 
gesic action persisted for several hours. In contrast, the 
weak analgesic action of Met-enkephalin is transient™™>™. It 
is clear that the duration of analgesia, and not the potency, 
is related to in vivo stability, Met-enkephalin, for example, 
undergoes rapid degradation in the presence of brain homo- 
genates” whereas C fragment and C fragment are compara- 
tively stable", The long peptides seem to possess preferred 
conformations which protect the NH:2-terminal region from 
enzymatic attack”*. In particular it is notable that C frag- 
ment resembles C fragment in having a high stability to 


Fig. 1 Log dose-response curves for analgesia produced by in- 
traventricular injection of peptides in the rat. a, C fragment 
61-91; b, 61-89 peptide; c, C fragment (61-87). Peptides were 
dissolved in 0.9% saline and injected in a volume of 5 pl through 
indwelling lateral ventricular cannulae. Tail-flick latencies were 
measured before and at intervals up to 3 h subsequent to adminis- 
tration of the peptides. The ordinate values give the tail-flick 
latency at 30 min after injection. There were no significant dif- 
ferences between groups in baseline latency (2-4 s). 
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attack by aminopeptidases, which would indicate that the 
two peptides possess similar conformations in solution. Our 
results suggest that the four residues at the COOH-terminus 
of C fragment contribute to receptor affinity by participat- 
ing in a specific interaction within the peptide—receptor 
complex and not by stabilising an intrinsic conformation of 
the peptide molecule. 

The COOH-terminal residues of C fragment, Lys-Lys- 
Gly-Gln, are highly resistant to the action of carboxypep- 
tidases in brain”. Furthermore, loss of all four residues 
leads to a large reduction in analgesic potency and removal 
of additional residues has little further effect on binding 
affinity’ or analgesia”. Thus, the COOH-terminal region of 
C fragment fulfils a dual function: it confers stability on the 
peptide against proteolysis and it provides a structure im- 
portant for receptor affinity. 

We thank D. E. Massey and Ann Smith for technical 
assistance, 
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Proinsulin conversion to desalanyl 

insulin by @,-macroglobin-bound trypsin 

HarpeL and Mosesson’ observed that o-macroglobulin- 
bound trypsin hydrolysed low molecular weight ester and 
amide substrates at rates comparable with those of free 
protease, but degradation of high molecular weight proteins 
was markedly inhibited. To account for this finding, Barrett 
and Starkey’ introduced the novel concept of steric 
entrapment of endopeptidases by  oa:-macroglobulin. 
Neurath and Walsh* have recently reviewed the role of 
proteolytic enzymes in the conversion of a variety of 
enzymes, hormones, and other physiologically active pro- 
teins from inactive precursors to active forms by limited 
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proteolysis. Many of these physiologically active proteins 
exist in the bloodstream in both precursor and active forms. 
We report here that proinsulin, a large polypeptide of 
9,000 molecular weight, is rapidly hydrolysed by a- 
macroglobulin-bound trypsin. This finding suggests that pro- 
teases bound to a:macroglobulin may be involved in 
limited proteolytic cleavage associated with activation of 
precursor molecules as well as the degradation of biologic- 
ally active polypeptides in the circulation. 

Proinsulin was chosen as a model for investigation of the 
hydrolysis of polypeptide hormones by a:-macroglobulin- 
bound proteases because it is a polypeptide of known 
sequence’ and representative size. Tryptic conversion of pro- 
insulin to desalanyl insulin proceeds by way of two inter- 
mediate forms of proinsulin (insulin—Arg and insulin—Arg— 
Arg) with specific cleavages in the C-peptide region’’®. 
Proinsulin, the intermediate forms, and desalanyl insulin 
can be resolved by polyacrylamide gel electrophoresis at 
pH 8.9 (ref. 4). 

The digestion of porcine proinsulin (gift of Dr R. E. 
Chance, Lilly) was performed at 37 °C with an enzyme: 
substrate ratio of 1 : 200. A control incubation of proinsulin 
with a:-macroglobulin was included to assess the stability 
of proinsulin at 37 °C as well as the possible presence of 
endogenous protease-inhibitor complexes in the purified 
preparation of a-macroglobulin. The gel electrophoresis 
pattern for digestion of proinsulin by a:-macroglobulin- 
bound trypsin or free enzyme is shown in Fig. 1. Chance et 
al.* have shown that free trypsin rapidly digests proinsulin by 
way of two intermediate products to yield desalany! insulin, 
which cannot be resolved from insulin in this gel electro- 
phoresis system’. The intermediate forms seen in lanes 
7-10 of Fig. | are presumed to be insulin—Arg and insulin- 
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Arg-Arg on the basis of previous investigations of the 
tryptic hydrolysis of proinsulin‘”’. The lighter appearance of 
the band for desalanyl insulin is due to some further diges- 
tion of trypsin, as well as to more rapid diffusion of smaller 
hydrolysis products from the gel, as can be seen by comp- 
aring the stain intensity of proinsulin (lane 1, 25 ug) with 
that of insulin (lane 11, 50g). By comparison of densito- 
meter tracings of the proinsulin band at different times of 
hydrolysis, we estimate that proinsulin is digested by 
a@.-macroglobulin-bound trypsin at approximately 10-15% 
of the rate of hydrolysis by the free enzyme. 

Chance et al.‘ have previously observed that trypsin 
hydrolyses proinsulin more rapidly than insulin or desalanyl 
insulin. The pattern of tryptic hydroysis of proinsulin is also 
altered by binding of the enzyme to @-macroglobulin (see 
Fig. 1). An intermediate product is apparent which is not 
present in detectable levels when proinsulin is digested with 
free trypsin. In addition, the major intermediate during 
digestion with trypsin does not accumulate to such a large 
extent during digestion with a-macroglobulin-bound trypsin. 
This finding may reflect a more rapid diffusion of desalanyl 
insulin (molecular weight (MW) 5,600) and the inter- 
mediate products (MWs 6,050 and 5,900) compared with 
proinsulin (MW 9,000) into the enzyme-inhibitor complex. 

Inactivation of the small peptide hormones angiotensin 
(MW 1,045) and lysine vasopressin (MW 1,116) by @:-macro- 
globulin-bound trypsin was reported previously. Inactiva- 
tion of these hormones involves proteolytic cleavage of two 
residues from the N terminal of the former peptide, while 
the latter is inactivated by cleavage of a C-terminal lysine 
amide, both of which might represent partial diffusion of a 
small peptide chain into the inhibitor-enzyme complex. In 
addition, plasmin bound to a-macroglobulin has been 
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Fig. 1 Conversion of proinsulin to desalanyl insulin by a,-macroglobulin-bound trypsin. Lanes 1 and 2, proinsulin and a,-macroglobulin 
at 0 and 120 min; lanes 3-6, a,-macroglobulin-bound trypsin digestion of proinsulin at 15, 30, 60 and 120 min; lanes 7-10, trypsin digestion 
of proinsulin at 7, 15, 30 and 60 min, lane 11, insulin standard. Human a,-macroglobulin was purified from fresh plasma by DEAE-cellulose 
chromatography and gel filtration on Sephadex G-150 and Ultrogel ACA 22, a combination Agarose-polyacrylamide gel filtration resin 
(LKB). Bovine trypsin (Worthington) was treated with 1-tosylamido-2-phenylethylchloromethyl ketone to eliminate contaminating 
chymotryptic activity. Trypsin was pre-incubated with a 1.5-fold molar excess of a,-macroglobulin to produce an enzyme-inhibitor complex 
as follows: a 100-1 aliquot of trypsin (0.1 mg mi~) was incubated with 300 ul of ay-macroglobulin (1.2 mg mI~') in 40 mM Tris-HCl 
(pH 9.5) for 30 min at 37 °C. A control solution of enzyme and buffer was incubated in identical conditions. The extent of inhibition was 
measured using Remazol brilliant blue dyed hide powder (R BB-hide) as substrate as previously described’. Using this method, 0.1% of the 
original trypsin activity would have been detected. In the inhibition conditions used, however, no trypsin activity could be measured at 
30 min, 2 h, or 24 h of incubation at 37 °C, while the control trypsin solution retained at least 90% activity after 24 h of incubation. 
Digestion mixtures consisted of a 40-11 aliquot of the preincubation mixture of trypsin and a,-macroglobulin or trypsin alone with 100 pl 
of proinsulin (2 mg ml? in 40 mM Tris-HCI, 20 mM CaCl,, pH 9.5). Sample aliquots (20 ul) from the digestion mixtures were added to 
16 mg of solid urea to form an 8 M urea solution and stored at —60 °C until electrophoresis. Polyacrylamide slab gel electrophoresis 
was performed at pH 8.9 using a modification’ of the original procedure described by Davis'' in which 7 M urea was added to the resolving 
and stacking gels to improve resolution, The resolving gel contained 15% acrylamide with 0.4% N,N ‘.methylene-bis-acrylamide. 
Her rymy ery was performed for 16 h at 75 V in a BioRad Model 220 slab gel electrophoresis apparatus. Gel slabs were stained for 
or 1 h in 0.1% amido black in 10% acetic acid, 20% ethyl alcohol and rapidly destained in 10% acetic acid to minimise diffusion of the 
peptide products from the gel. Using this procedure, the intensity of the bands remained constant for approximately 24 h. 
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shown to hydrolyse fibrinogen by degrading the Aa-chain at 
a rate approximately 0.1% of that of the tree enzyme’. Our 
findings suggest that the inhibitor-enzyme matrix is sub- 
stantially permeable to diffusion of peptides of moderate 
size. The tryptic cleavage position in proinsulin which pro- 
duce desanyl insulin are at Arg-33 and Arg-63 in a poly- 
peptide chain of 80 amino acid residues. Thus it seems that 
@,-macroglobulin-bound trypsin at approximately 10-15% 
variety or peptide hormones with molecular weights smaller 
than or comparable with that of proinsulin. 
We have recently reported the presence of a pancreatic 
endopeptidase (elastase 2) in human blood and the eleva- 
tion of this enzyme in sera of patients with acute pancreatic 
inflammation’. Pancreatic cationic trypsin has also been 
detected in human serum in this laboratory and will be the 
subject of a future communication. We suggest that some of 
the pathophysiological events associated with acute pan- 
creatic inflammation may be due to hydrolysis of polypep- 
tide hormones by circulating complexes of pancreatic 
proteases bound to a-macroglobulin. 
This work was supported by the Medical Research Ser- 
vice of the Veterans Administration. 
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Structural analysis of purified 
platelet-activating factor by lipases 


PLATELET-activating factor (PAF) is a newly described 
mediator of anaphylaxis which has been implicated in the 
deposition of immune complexes in acute serum sickness in 
rabbits'"*, It is released by leukocytes and tissues, most 
probably by the basophils or mastocytes from various 
mammalian species, under the influence of various sub- 
stances known to activate these cells’*. The study of the 
chemical nature of the compound responsible for the PAF 
activity led us to the preparation of large amounts of PAF 
from hog leukocytes’. Several fractionation steps of the 
crude material yielded a highly active chloroform-soluble 
fraction. We usually started these procedures with 1001 of 
hog blood which yielded 1001 of PAF, the biological 
activity of which could be detected at the I-#] level. Never- 
theless, we have not yet obtained sufficient homogeneous 
material to apply the current methods for structural analysis 
(mass spectrometry, magnetic nuclear resonance, hydrolysis 
reactions and so on). We therefore used different lipases 
to get some insight into the structure of PAF. We present 
here the results of these experiments which suggest that 
PAF is a_I-lyso-glycerophospholipid. 
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PAF was obtained by procedures described previously’? 
modified for use on bulk quantities of hog blood. Through- 
out the purification steps, PAF activity was detected by 
aggregation of rabbit platelets’, in the presence of 10 uM 
indomethacin’. Briefly, leukocytes from 1001 of blood were 
prepared by differential centrifugations followed by sedi- 
mentation in 2.5% gelatin in Tris-buffered saline (TBS), 
PH7.4. (TBS contained Tris (hydroxymethyl)-amino- 
methane, 1 x10° M; NaCl, 1.37x10°'M; pH adjusted to 
7.4 or 8 with HCI. Tyrode’s contained TBS plus Mech, 
1x 10 M; CaCh, 1 x 10° M; KCI, 2.6 x 10°* M.) PAF affixed 
to bovine serum albumin (BSA) was obtained by overnight 
incubation of the leukocytes in Tris-buffered Tyrode’s at 
pH 9.5, containing 0.25% BSA. PAF-BSA (1001) was ex- 
changed in batch on to QAE-Sephadex-A50 at pH 9.5; PAF 
was then eluted by washing the beads with 80% and 100% 
ethanol. After concentration under vacuum, the ethanol- 
water residue was extracted with chloroform. The lipid 
(3-4 g) thus obtained was chromatographed on a silicic acid 
column developed with chloroform, chloroform-methanol 
mixtures, and pure methanol. PAF-active, phospholipid-rich 
(major phospholipids were phosphatidylcholine, sphingo- 
myelin and lysophosphatidylcholine, as shown by thin layer 
chromatography (TLC) and chemical ionisation mass 
spectrometry), fractions eluted with pure methanol, were 
further purified by high pressure liquid chromatography on 
a silicic acid column (Varian, Micropak Si-5) with chloro- 
form-methanol-water as solvent. The active fraction 
(1-2 mg of lipids) was eluted between sphingomyelin and 
lysophosphatidylcholine; it migrated between these phospho- 
lipids on silica gel TLC, with a solvent containing by 
volume 100:5:1 of CHCl: CHOH : H:O. (Development 
was by use of iodine, Dittmer’ or Dragendorff reagents.) 
Final recovery was 25% of starting activity. 

Three preparations of PAF were treated with the lipases : 
(1) crude PAF-BSA, dialysed overnight against TBS; (2) the 
most active fraction obtained after the first silicic acid 
chromatograpuy, which exhibited three or four spots on 
TLC; and (3), the purest fraction described above. 

The lipases used in this study were lipase from Rhizopus 
arrhizus, phospholipases A2 from either porcine pancreas 
or Crotalus’, phospholipases C from Bacillus cereus’, and 
D from cabbage”. Dr Zwaal (from Van Deenen’s Labora- 
tory, Utrecht) kindly provided purified phospholipase A2 
from Naja naja and Crotalus and a phospholipase C from 
Staphylococcus aureus specific for sphingomyelin (sphingo- 
myelinase)", 

The conditions and the results of the treatment of PAF 
with lipases are shown in Table 1. The phospholipases A2 
(from various origins) and the phospholipases C and D 
completely abolished the ability of PAF (preparations 2 
and 3) to aggregate rabbit platelets. In contrast, the lipase 
from R. arrhizus, which hydrolyses exclusively the fatty acid 
ester bond at the I-position of phosphoglycerides’'“, and 
sphingomyelinase C, were totally ineffective in this respect. 
It should be noted that PAF-BSA (preparation 1) was in- 
sensitive to the action of phospholipases A2, but fully 
sensitive to phospholipases C and D. Controls for optimal 
conditions for the action of lipases were hydrolysis of phos- 
phatidylcholine or, for sphingomyelinase, sphingomyelin, 
followed by TLC. We also verified that PAF treated with 
phospholipases A2, C and D, in the presence of EDTA, not 
only retained its full activity, but also migrated on TLC 
with the same R; as untreated PAF. Finally, the purest PAF 
fraction (preparation 3) was first treated with sphingomye- 
linase C, then exposed to lipase from R. arrhizus as well as 
to phospholipases A2 and C. The results were the same as 
those reported above, indicating that treatment with 
sphingomyelinase, besides not affecting PAF activity, does 
not seem to modify the structure of the molecule. 

The lack of effect of lipase from R. arrhizus and the sen- 
sitivity of PAF to phospholipases A2, C and D seems to 
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Table 1 Action of lipases on PAF activity 


Lipases PAF activity 
(concentrations per ml) Medium (units mi~) 
Borate 0.1 M pH 6.5 
Lipase (R. arrhizus)* CaCl, 10 mM 148 
0.1 mg Deoxycholate 1 mg ml~ 
BSA 0.4 mg mi~! 
A2 (Porcine pancreas* TBS pH 8 ot 
or Crotalus) CaCl, 10 mM 
0.1 mg 
A2 (N. naja), purifiedt TBS pH 8 ot 
0.05 unit CaCl, 10 mM 
A2 (Crotalus), purified} TBS pH 8 Ot 
0.5 unit CACI, 10 mM 
C (B. cereus)* TBS pH 8 oł 
.001 mg CaCl, 10 mM 
D (cabbage)* Acetate buffer 0.1 M ot 
0.01 mg PH 5.6 
CaCl, 50 mM 
C (S. aureus)t 
Sphingomyelinase, TBS pH 8 
purified CaCl, 10 mM 136 
4 units MgCl, 0.25 mM 





Experimental conditions were 15 min incubation at 37 °C except 
for lipase from R. arrhizus which was incubated for 18 h at 30°C 
with constant agitation and phospholipase D, incubated | h at 
20°C. These experiments were repeated five times with identical 
results. PAF activity is expressed in units, as defined in refs 3 and 6. 
Starting solution of PAF contained 140 units ml ~. 

* From Boehringer-Mannheim. 

+ Gift from Dr Zwaal, Utrecht, The Netherlands. 

¢ Same experiments done in the presence of 0.01 M EDTA: 
PAF activity was identical to that of starting solution. 


favour PAF being a l-lyso (or 2-acy!)-glycerophospholipid., 
Methylation by diazomethane for 10 min at room tempera- 
ture’ did not affect the activity and the Rr of PAF, a result 
which suggests the presence of a choline polar head group. 
We therefore attempted to produce a PAF-like substance 
by hydrolysis of a variety of commercially available phos- 
pholipids with lipase from R. arrhizus, in order to obtain 
l-lyso derivatives. We occasionally detected an aggregating 
activity shown to be due to production of arachidonic acid 
by its Ry on TLC and its inhibition by indomethacin. No 
PAF-like substance was obtained. 

2-Acyl-glycerophospholipids are known to be unstable, 
and to isomerise to l-acyl compounds’’. This rearrangement, 
which occurs to some extent during chromatographic 
separation of the phospholipid, could account for the rela- 
tively low yield of our procedures, and could also represent 
an inactivation process of a potentially harmful mediator. 
The PAF-containing fraction, at the present state of puri- 
fication, seems to be associated, in the chromatographic 
systems used, with sphingomyelin and lyso-phosphatidyl- 
choline. The complete structure of PAF will be definitively 
known when more of the pure compound becomes avail- 
able, making a more direct approach possible. But as the 
specificity for phospholipids of the enzymes used in this 
study is well established” our present data leads us to 
postulate a phospholipidic structure for PAF, unique 
amongst the mediators of anaphylaxis. 
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New oncogenic 
papova virus from primate cells 


Tue taxonomic group of papova viruses comprises a number 
of small icosahedral virus species, all isolated from mam- 
mals. The members of this group, such as papilloma, 
polyoma and the so-called vacuolating Simian virus 40 
(SV40) contain double-stranded circular closed DNA. All 
are oncogenic, capable of transforming cells in vitro. Some 
viruses of this group which are called BK' and JC’ have 
been isolated from human patients—BK-virus is apparently 
widespread, as more than 80% of the human population 
harbour antibodies against this virus’. We describe here a 
new member of the papova virus group, designated HD- 
virus, which we have isolated in our laboratory from 
primate cells (VERO-cells—a permanent line derived from 
Cercopithecus aethiops monkey kidney cells‘—which have 
been routinely passaged for several years in our laboratory). 
HD-virus is capable of rapidly transforming cells in vitro. 

Electron micrographs of ultra-thin sections of the cells 
(Fig. 1) reveal particles that correspond in size and mor- 
phology to SV40, although their diameter seems slightly 
smaller. 

Incubation of growing VERO-cells (1d after seeding) 
with either °H-thymidine or ’’P-orthophosphate leads to the 
synthesis of radioactively labelled superhelical HD-viral 
DNA which can be selectively isolated and purified in a dye 
buoyant density gradient’. Stationary cells (6d after seed- 
ing) reveal, in contrast, a smaller amount of HD-DNA 
(one-fifteenth of the amount obtained 1d after seeding of 
the cells), The size of HD-DNA was estimated by com- 
parison with the electrophoretic mobilities of SV40 and 
BK-DNAs in Agarose gels to be equivalent to 5,100 base 
pairs (molecular weight 3.1 10° compared with 3.6 10° 
for SV40 DNA). Thus, the HD-DNA is smaller than SV40 





Fig. 1 Electron micrograph of an infected VERO-ell. Inserts: 
micrographs of negatively stained virions released from infected 


cells by freezing and thawing and concentrated by centrifugation. 

















Fig. 2 Gel electrophoresis of DNA of HD, BK and SV40 
virus. HD (a) and SV40 (b) form I and form Il DNAs are shown 
in a and b. Fragments produced by digesting HD-DNA with 
EcoRI are depicted in c. A mixture of Hindli +1 was used to 
digest HD (d, g) BK- (e) and SV40-DNA (f). After electro- 
phoresis the DNA was stained with ethidium bromide and 
photographs were taken under ultra violet light (a-e Agarose gel; 
f.g, polyacrylamide gel). 


DNA by 14% (Fig. 2a, b). The susceptibility to various 
restriction endonucleases also distinguishes the HD genome 
from other papova virus genomes such as BK (Fig. 2e) and 
SV40 (Fig. 2f). One double-strand cut is produced by 
endonuclease HindIl while two cuts are made by the 
enzymes Hindlll, EcoR1 (Fig. 2c) Hpal and Hpall. On 
the other hand, HD-DNA is not attacked by endonuclease 
BamHI. The molecular sizes of the three HD-DNA frag- 
ments shown in Figs 2d, g are 1.90, 0.70, and 0.50 10" 
respectively. Treatment with restriction enzymes and gel 
electrophoresis were performed as before’. 

Unlike BK, JC, polyoma, and SV40 which all share some 
base-sequence homology with each other*®™ HD-virus 
proved in DNA-DNA hybridisation studies to be unrelated 
to the other viruses (Table 1). Using the stringent condi- 
tions of hybridisation in 2XSSC and 50% formamide at 
37 °C we found, in agreement with the data of others’, 
10-16%, homology between BK and SV40, while HD and 
SV40 displayed only 1.2% homology. BK and HD-DNA 
show as little as 0.2% homology. We were unable to 
demonstrate any homology between HD and polyoma virus 
in these conditons. Furthermore, anti-SV40 T antigen and 








Table 1 DNA-DNA hybridisation between HD and other 
papova DNAs 
*H-DNA DNA on 3H-c.p.m. *H-c.p.m. % Bound 
in solution filter (1 pg) input bound to filter* 
HD SV40 9 «10° 0 0 
BK 200 0,2 
HD 56,300 62,4 
SV40 SV40 1.29 x 10° 75,500 58,5 
BK 21,040 16,3 
HD 1,602 1,2 
BK SV40 6.5 10* 6,950 10,7 
BK 49,460 76,0 
HD 0 0 
Polyoma SV40 2.2 x10 250 1,1 
BK 0 0 
HD 0 0 





Viral DNAs were labelled® and purified” and filter hybridisation 
assays’ were performed essentially as before. 
*Corrected for nonspecific binding to T4-DNA. 
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anti-SV40 capsid sera fail to react with HD-infected VERO- 
cells as judged by immunofluorescence. 

VERO-cells which harbour HD-virus do not display any 
recognisable cytopathogenic effect (c.p.e.). They are rou- 
tinely passaged at a weekly 1:4 split ratio in minimum 
essential medium (MEM) supplemented with 10% calf 
serum. Because of the lack of c.p.e. we have not been able 
yet to establish a plaque assay for titration of the HD- 
virus. Thus far we have been using the synthesis of HD- 
superhelical FO I DNA as a measure of infectivity. Using 
this assay it could be shown that lysates of our VERO- 
cells that were obtained after freezing and thawing followed 
by DNase and ether treatment retained the ability to induce 
the synthesis of HD-FO I DNA. For this purpose 10° VERO- 
cells were frozen and thawed twice in 50 ml of MEM, the 
cellular debris was removed by centrifugation (10 min, 
4,000 r.p.m., Christ Heraeus Minifuge), and 100 ug of pan- 
creatic DNase (Serva) were added for 60min at 37°C 
after adjusting the medium to 10 mM MgCh. Then an equal 
volume of ether was added, the mixture was shaken for 
5min, and the medium was separated from the ether. 
Residual ether was removed by bubbling Ny through the 
solution. Ten ml, representing one-fifth of the virus-contain- 
ing solution were used after passing it through a Millipore 
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Fig.3 Soft agar assays of a, uninfected VERO-cells (McMaster) 
and b, the same cells after infection with cell lysate containing 
HD-virus. 


Millex filter (pore diameter 0.22@m) for infection of 
approximately 10’ cells (l-h adsorption time). Four days 
later the cells were labelled with "H-thymidine (500 nC per 
50 ml) for 1d and the superhelical DNA was purified as 
before. We found that HD-DNA replicates, although 
poorly, in RITA cells, another permanent line derived 
from Cercopithecus aethiops (Italdiagnostic). Other cell 
lines such as 3T3, W138, CV-1 and human embryonic lung 
proved to be non-permissive for the replication of 
HD-DNA. 

To test whether VERO-cells that have been maintained 
in other laboratories also contain HD-virus or HD-viral 
DNA we have attempted to label such cells using the pro- 
cedure described above. We were unable to demonstrate the 
presence of HD-FO I DNA in VERO-cells from the 
Institute for Virology, Universität Erlangen, and from the 
Department of Pathology, McMaster University, Hamilton, 
Ontario. VERO-cells from McMaster University totally lack 
HD-DNA and fail to grow in soft agar’. VERO-cells grown 
in our laboratory contain HD-DNA and 0.1-0.5% grow to 
form colonies in soft agar. When the Canadian VERO-cells 
were infected with lysate of our VERO-cells (prepared as 
described above) about 1% of the cells formed colonies in 
soft agar (Fig. 3). The number of colonies was not increased 
by doubling or tripling the virus-containing inoculum. This 
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might be explained by the presence of a limited number of 
_cells, which are capable of responding to infection with the 
formation of colonies in soft agar. Between 0.7 and 1% of 
the infected cells grew to form colonies in medium contain- 
ing 2% calf serum. Only 0.04% of the uninfected cells gave 
rise to colonies in the same conditions. This indicates a 
reduced serum requirement for the infected cells™™". We 
believe, therefore, that HD-virus can transform VERO- 
cells. 

We have thus isolated what seems to be an entirely novel 
papova virus and we intend to screen human and other 
tumours for evidence of its distribution. 

We thank K. Bosslet, T. de Ledezma, M. Pernfuss and 
C. Waldeck for technical assistance and J. Tooze for help 
in preparation of the manuscript. This work was supported 
by a grant of the Bundesminister fiir Forschung und 
Technologie. 

Note added in proof: While this paper was in press we 
have found that there exists an additional size class of 
HD-FO: I DNA which is by 6% larger than the HD-DNA 
described here. 
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Type C RNA virus production and 
cell competence for normal 
differentiation in myeloid leukaemic cells 


Struptes with various species have shown that type C 
viral genomes can be integrated and vertically transmitted 
as chromosomal elements within the cellular genomes (for 
review see refs 1-6) and that nucleic acid sequences 
derived from these viruses can be detected in the 
DNA™”’ of normal cells (for review see ref. 11). It has 
been suggested that in addition to their role in tumour 
formation, type C RNA viruses may also have a role 
in normal cell differentiation’’. We suggest here that 
one way in which these viruses may influence differentia- 
tion, is by modifying the competence of cells to be induced 
to differentiate by a normal regulator. 

Normal differentiation-inducing regulators have been 
identified in cells of the haematopoietic system and these 
include the protein erythropoietin’ which induces dif- 
ferentiation of erythrocytes and the protein that we now 
call MGI (macrophages and granulocyte inducer) (refs 13, 
14) which induces differentiation of macrophages and 
granulocytes". The isolation of clones of haemato- 
poietic cells with different degrees of competence for 
differentiation by one of these proteins, should be a useful 
experimental system to test the relationship between 
type C RNA viruses and cell competence for differentiation 
by a specific regulator. We have isolated such clones from 
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mouse myeloid leukaemia, which differ in their com- 
petence to be induced to differentiate by MGI (refs 13, 
19-23). One type of clone, MGI*D*, can be induced by 
MGI to undergo normal cell differentiation, including the 
formation of rosettes for cell surface Fe and C3 
receptors’™™, the synthesis and secretion of lysozyme” 
and differentiation to mature macrophages and granu- 
locytes’**. A second type of clone, MGI'D’, can be 
induced for Fe and C3 rosettes and lysozyme but not 
to differentiate to mature cells and a third type, MGIT D7, 
was not inducible for any of these properties (Table 1). 
Some, but not all the properties associated with cell 
differentiation can also be induced in some of these 
myeloid leukaemic clones by the steroid hormones. dexa- 
methasone, prednisolone or oestradiol" and compounds 
such as cytosine arabinoside, actinomycin D, 5-iododeoxy- 
uridine”? or dimethylsulphoxide”. The protein inducer” 
that we call MGI has also been referred to by others as 
colony stimulating factor’ or activity”. We show here 
that the competence of myeloid leukaemic clones to be 
induced to differentiate to mature macrophages’ and 
granulocytes by the normal regulator MGI, is associated 
with a higher production of type C virus. 


een 
Table 1 Competence for the induction of differentiation in clones of 
myeloid leukaemic cells by the differentiation-inducing protein MGI 


Inducibility by MGI 


Mature 
macrophages 
Clone Rosettes and 
Cell type numbers Fe C3 Lysozyme granulocytes 
MGI*D* 9,11,12 -+ + + + 
MGF D- 5,13,19 + + + os 
MGI-D- 1,6,10 — -= — ~= 


Aas 


(+), Inducible, (—), non-inducible. Cells were incubated with 
conditioned medium containing MGI as described?*, MGI*D* 
clones 9,11,12 and MGI* D~ clones 5,13,19 (refs 20, 21) were derived 
from a myeloid leukaemia originating in a SL mouse. MGI~D~ 
clones 1,6,10 (refs 21-23) were derived from three independently 
induced myeloid leukaemias after X-ray irradiation of SJL/J mice. _ 
Before treatment with MGI, cells from all the clones grew in suspen- 
sion as myeloblasts to promyelocytes and produced myeloid leukaemia 
after inoculation into isologous adult mice. The cells were cultured 
in Eagle’s medium with a fourfold concentration of amino acids and 
vitamins (H-21, GIBCO) and 10% inactivated (56 °C, 30 min) foetal 
calf serum. . ' 


All the nine clones tested of the three types shown in 
Table 1 were found to be producing type C virus. Typical 
type C particles were observed by electron microscopy in 
sections of the cultured cells and at a buoyant density 
of 1.15gcem™* in a sucrose equilibrium density gradient 
of pellets from the culture medium. To quantitate the 
amount of virus released by the different clones, we 
measured the reverse transcriptase activity’ of partially 
purified and concentrated virus pellets obtained from the 
culture fluids. The virus production measured by. this 
enzyme activity with the template oligo(dT)-poly(rA), and 
cellular growth rate of three clones representative 
of the different types of myeloid leukaemic cells are 
shown in Fig. 1. The MGI*D* and the MGI*D™ clones 
had similar growth rates, while the MGI D” clones grew 
somewhat faster. Virus production in all the clones was 
not significantly different for the first 2d after seeding. 
When the cells entered the logarithmic phase of growth, 
however, virus production increased 16-fold in the MGI*D* 
clone and only 2-fold in the MGI'D” and MGT D- 
clones. Optimum virus production was obtained with all 
three types of clones at day 4 and then declined when 
the cells approached the stationary phase of growth. A 
similar relationship between type C RNA virus production 
and cellular growth has been observed in cultures of 
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Fig. 1 Reverse transcriptase activity in the tissue culture 
medium (a) and number of cells (6) at different days after seeding 
of the three types of myeloid leukaemic clones. A, MGI*D* 
clone 9 and @, MGI*D~ clone 5 were seeded at 4x 10° cells 
and ©, MGI-D~ clone 6 at 2 x 10° cells per 10-cm Nunc tissue 
culture Petri dish in 10 ml modified Eagle’s medium (see Table 1) 
and 10% inactivated foetal calf serum. To assay for reverse tran- 
scriptase activity‘, the cells were pelleted from 20 ml of medium 
and the medium clarified of cell debris?® by centrifugation at 
10,000 r.p.m. in a SS-34 rotor in a RC-S Sorval centrifuge at 
4 °C. The clarified medium was layered on a 5-ml cushion of 20% 
(v/v) glycerol in TNE buffer (0.1 M NaCl, 0.01 M Tris pH 7.6, 
and 0.001 M EDTA) and centrifuged at 40,000 r.p.m. for 60 min 
in a 60TI type rotor at 4 °C in a Beckman ultracentrifuge. The 
resultant pellets were suspended in 0.1 ml TNE buffer. Enzyme 
activity was measured using {the synthetic template oligo- 
(dT)-poly(rA) (Collaborative Research). Oligo(dT) and poly(rA) 
were pre-annealed at a ratio of 1:10 in 0.15 M NaCl, 10mM Tris- 
hydrochloride (pH 7.8) at 37°C for 5 min. Enzyme reaction 
mixtures (50 pl) consisted of 2 uM Tris (pH 7.8) 6 uM NaCl, 
0.1 uM MnCl,, 0.4 M DTT, 0.015% NP/40, 5 ug oligo(dT} 
poly(rA), 0.001 uM unlabelled TTP, 2 pCi H*-dTTP, and 10 pl 
of the suspended virus pellet in TNE buffer. Reactions were 
carried out for 30 min at 37 °C and terminated by addition of 
0.1 ml 0.2 M sodium pyrophosphate and 1 ml 10% trichloroacetic- 
acid. Samples were collected on 0.45 uM Millipore filters rinsed 
with 5% cold trichloroacetic acid and counted in a toluene- 
based scintillation fluid in a Tri-carb Packard fluid scintillation 
counter. The values represent the means of three independent 
experiments. 


other cell types*”*’. Since virus production in our experi- 
ments reached an optimum at day 4, all the following 
experiments were carried out on the fourth day after 
seeding. 

Studies with the 9 clones have shown (Fig. 2), that 
only the three MGI*D* clones, which can be induced 
to differentiate to mature macrophages and granulocytes, 
produced high levels of virus, while the partially inducible 
MGI*D™ and the non-inducible MGI-D~ clones produced 
lower levels of virus. The amount of virus produced by 
the MGI*D* clones was about 4-5-fold higher than the 
highest amount produced by any of the MGD‘*D™ or 
MGI-D~ clones (Fig. 2). Three subclones isolated from 
MGI*D* clone 9 and three subclones from MGI*D™ 
clone 5 were assayed for reverse transcriptase activity. 
All the MGI°D* subclones showed the same high enzyme 
activity in the culture medium as the parental clone 9, 
while all the MGI*D™ subclones showed the lower enzyme 
activity of the parental clone 5. 

The higher enzyme activity in the culture fluids from 
MGI°D* clones was further identified as type C virus 
reverse transcriptase, by sucrose equilibrium density 
gradient centrifugation of the partially purified virus 
preparations from the three types of myeloid leukaemic 
clones. The peak of the reverse transcriptase activity at 
the buoyant density of 1.15 gcm™* was 10-fold higher 
with MGI'D* clone 9 than with MGI*D™ clone 5 and 
MGI D clone 6. The virus specific nature of the enzyme 
was also confirmed by using, in addition to oligo(dT)-poly- 
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(rA), two other synthetic templates, oligo(dG)-poly(rC), a 
viral specific template, and oligo(dT)-poly(dA), which is 
utilised poorly by the viral RNA directed DNA polymerase 
and is a good template for the cellular DNA-DNA 
polymerases’ (for review see ref. 37). The results have 
shown that With pellets obtained from culture fluids of 
all the 9 clones, the highest activity with oligo(dG)-poly(rC) 
was again found with the MGI*D* clones and there was 
almost no activity with oligo(dT)-poly(dA). Incubation 
of cells for 1d with 50 units of purified mouse interferon 
(from Dr I. Gresser, Institut de Recherches Scientific sur 
le Cancer, Villejuif), gave 70%~-80% reduction in the 
enzymatic activity that could be recovered from the 
culture medium. This is in agreement with previous results 
showing that interferon can inhibit the secretion of type C 
virus™™ *, and provides additional evidence for the viral 
nature of the activity measured. 

Indirect immunofluorescence tests” with an antiserum 
against murine leukaemia virus group-specific (MULV-gs) 
antigens (from Dr M. Haas‘) showed that all three 
types of clones were positive for these viral antigens 
and that all the cells were stained. After acetone fixation, 
MGI*D* clones seemed to be the most brightly stained 
and titration of MULV-gs antigens by absorption of 
immunofluorescence with cell extracts’ has indicated, 
that the MGI*D* clones had a higher amount of MULV-gs 
antigens. Unfixed cells tested for cap formation also 
showed a higher frequency of caps for MULV-gs antigens 
on MGI*D* cells (Table 2). 





Table 2 MULV-gs antigens. Titre of cell extracts tested by immuno- 
fluorescence absorption, and cap formation on unfixed cells 





Immunofluorescence absorption, % Cells 
Cell Clone antigen dilution of cell extracts with 
type no. O 1:2 1:4 1:8 1:16 1:32 cap 
MGI* D+ 9 = = ~ ++ +++ 9045 
MGD- 5 = = 4+ -++ ttt +++ 1043 
MGI D= 6 ~ + ++ +++ 444+ +++ 241 





MULV-gs antigen titre of cell extracts was tested by absorption of 
immunofluorescence. Cells at 4 d after seeding were sonicated in 
Earl's balanced salt solution to give a 20% cell extract. Serial 
dilutions of this extract (40 pl) were then incubated overnight with an 
equal volume of Lewis rat anti-MULV-gs antiserum‘? at 4 °C. 
Residual immunofluorescence after incubation with fluorescent rabbit 
anti-rat IgG (Miles Yeda) was scored on an acetone fixed NIH/3T3 
Moloney virus producing mouse cell line on a scale from —(no 
immunofluorescence) to -+--+ + (strong immunofluorescence obtained 
without absorption). Absorption tests were performed with a con- 
centration of antiserum (1:32) two doubling dilutions below the end- 
point for the acetone fixed NIH/3T3 Moloney virus producing 
mouse cells. Cap formation on cells 4 d after seeding was tested after 
incubation of unfixed cells with rat anti-MULV-gs antiserum (1:8) 
for 15 min and then for 30 min with fluorescent rabbit anti-rat IgG. 
There was no immunofluorescence after incubation with normal rat 
serum instead of the anti-MULV-gs antiserum. 


Our results show that mouse myeloid leukaemic cells 
that can be induced to differentiate to mature macrophages 
and granulocytes by the normal inducer protein MGI, 
produced a higher amount of type C RNA virus than 
clones of myeloid leukaemic cells that can be only partially 
or not at all induced to differentiate by this normal regu- 
lator. The amount of virus production was, therefore, 
associated with the competence of the leukaemic cells 
to undergo differentiation to normal mature cells. It will 
be of interest to identify the virus or viruses produced. 
Type C RNA viruses have been observed in myeloid 
leukaemic cells from human and rats“, and it will 
also be of interest to determine in these two other species, 
the relationship between the amount of virus production 
and ability of the cells to be induced to differentiate by 
the normal regulator MGI. 
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Fig. 2 Reverse transcriptase activity in the culture fluids of 
nine myeloid leukaemic clones. MGI* D* clones 9,11,12 (c) and 
MGI*D- clones 5,13,19 (b) were seeded at 410° cells and 
MGI-D~ clones 1,6,10 at 2 x 10° cells (a) per 10-cm tissue culture 
Petri dish. The culture medium was collected 4 d after seeding 
and reverse transcriptase activity measured as described in the 
legend to Fig. 1. The means and standard errors are based on 
six independent experiments. 


Friend erythroleukaemic cells can be induced to differen- 
tiate partially by dimethylsulphoxide*’ and some other polar 
compounds” and the competence for this partial induction 
of erythroid differentiation was not associated with the 
amount of virus production”. However, the erythro- 
leukaemic cells studied had lost the ability to respond to 
erythropoietin, the normal regulator of erythroid cell 
differentiation, whereas the MGI* myeloid leukaemic cells, 
including those that can respond to dimethylsulphoxide”, 
have not lost the ability to respond to MGI, the normal 
regulator of differentiation to macrophages and granulo- 
cytes. It may also be that the viruses produced by the 
Friend erythroleukaemic cells differ from those produced 
by the myeloid leukaemic cells and that not all type C 
viruses are related to cell competence for differentiation. 

One possible explanation for the relationship that we 
have found in our myeloid leukaemic cell system may 
be the association of viral sequences with regulatory sites 
for differentiation. The increased virus production could 
then indicate a different state of the regulatory sites in 
the competent compared with the non-competent cells. The 
higher virus production by the competent cells could 
either be a by-product or directly influence these regulatory 
sites. Another possibility is that the increased virus pro- 
duction by the competent cells is associated with an 
appropriate arrangement of surface receptors for MGI 
that is required for the induction of normal cell differentia- 
tion. The differences in cap formation by MULV-antigens 
(Table 2) and con A (refs 13, 49) indicate that it will be 
of interest to determine whether, as in cells transformed 
by sarcoma viruses”, there are also differences in receptors 
for other polypeptide hormones. The myeloid leukaemic 
clones used in our studies seem to be a particularly 
favourable experimental system to investigate further 
these possibilities of the role of type C viruses in relation 
to cell competence for differentiation by a normal receptor. 

We thank Dr M. Haas for help in experiments using 
anti-MULV-gs antiserum and Mrs Haya Dorf for technical 
assistance. 
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Post-transcriptional control of avian 
oncornayirus transforming 
gene sequences in mammalian cells 


TRANSFORMATION of cells by RNA tumour viruses generally 
results in a stable association of the viral genome with 
the morphologically altered cell. Studies with temperature- 
sensitive mutants of these viruses have clearly demonstrated 
that viral-specific gene functions are required for establish- 
ment and maintenance of the transformed phenotype**. 
For avian oncornaviruses the transforming (sarcoma) gene 
sequences are required for both transformation of cells 
in tissue culture and the production of tumours in 
animals’~*. In all of the oncornavirus-infected mammalian 
cell systems studied to date regulation of expression of 
the avian RNA tumour virus transforming gene sequences 
seems to be under the influence of transcriptional control 
mechanism(s) because appreciable differences in the amount 
of sarcoma-specific RNA can be detected in cells exhibiting 
normal and transformed phenotypes. For instance, the 
amount of sarcoma-specific RNA was substantially reduced 
in most revertant subclones of Rous sarcoma virus (RSV)- 
infected hamster cells compared with the original 
transformed clones™™. Although several revertant RSV- 
hamster cells exhibited less dramatic differences in sarcoma- 
specific RNA, it nevertheless seemed that the transformed 
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phenotype was directly related to the extent of transcription 
of the virus transforming gene sequences in this 
transformed/revertant cell system. A similar correlation 
between the amount of sarcoma-specific viral RNA and 
the malignant phenotype was recently reported for murine 
sarcoma virus-infected cells’. 

Here we present data indicating that mammalian cells 
may also regulate the expression of viral transforming gene 
sequences by post-transcriptional mechanisms. This con- 
clusion is based on the observation that revertant 
subclones of RSV-infected field vole cells contain as much, 
if not more, sarcoma-specific RNA as the transformed 
cells from which they were derived. Our preliminary data 
also indicate that the post-transcriptional restriction of 
expression of viral transforming genes in revertant vole 
cells does not result from either selective transport of 
sarcoma-specific RNA from the nucleus to the cytoplasm, 
or the lack of association of this RNA species with 
polyribosomes. 

An established diploid cell line from the European field 
vole, Microtus agrestis was transformed by the Schmidt- 
Ruppin strain of Rous sarcoma virus (SR-RSV) by Dr P. 
Vogt of the University of Southern California. The 
procedures for the isolation of clones of RSV-transformed 
mammalian cells and revertant subclones have been 
described elsewhere’. The morphology of typical normal, 
transformed, and revertant vole cell types can be seen 
in Fig. 1. Not only did the revertant subclones resemble 
normal cells in their ‘flat’ fibroepithelial-like morphology 
but they also failed to grow in soft agar (R. Krzyzek, 
unpublished observations). 

We have previously demonstrated that both transformed 
and revertant field vole cells contain similar genome- 
equivalents of virus-specific DNA’. These studies were 
performed by determining the influence, if any, that 
unlabelled DNA from RSV-transformed, and reverted 
vole cells has on the reassociation kinetics of 
the more complex double-stranded DNA component 
synthesised by the RSV RNA-directed DNA polymerase 
in vitro’. However, these methods cannot completely 
exclude the possibility that a small portion (<20%) of 
the viral genome is deleted from the DNA of the reverted 
cell because the virus-specific DNA probe used in these 
studies may not represent the entire viral genome". 
Consequently it was conceivable that the reversion 
phenomenon could result from the complete or partial 
deletion of the RSV-transforming gene sequences. To 
determine whether the RSV-transforming gene sequences 
were retained in vole cells during reversion we have 





Fig. 1 Morphology of RSV-transformed and revertant field vole 

cells. a, Normal field vole cells; 6, RSV-transformed field vole 

cells (clone 1); c, Revertant field vole cells (subclone 866); 

d, RSV-transformed field vole cells (clone 22); e, Revertant 

field vole cells (subclone 4), All photographs were taken at 
80x magnification, 
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performed further hybridisation analysis with a specific 
radiolabelled DNA probe complementary to the RSV- 
transforming gene sequences (CDNA,.)". As shown in 
Table 1 the CDNAs. probe hybridises equally well with 
DNA obtained from either transformed or revertant field 
vole cells. The extent of hybridisation is not complete in 
our conditions of hybridisation even with DNA from 
RSV-transformed avian cells. The reason for this is 
not clear; however this problem is not unique to our 
situation but has been observed by other investigators 
as well“ Even if complete hybridisation was achieved, 
this would not negate the possibility that the transforming 
gene in the revertant cell type was inactive due to a very 
small gene deletion or a point mutation which would 
not be detectable by the hybridisation techniques used. 
Therefore we performed studies to determine whether 
the transforming gene sequences present in the revertant 
vole cells were biologically active and capable of inducing 
transformation. As indicated in Table 2, the entire infectious 
RSV(D) genome could be rescued from transformed and 
revertant cells by either fusion with permissive cells or 
transfection of avian cells with DNA purified from both 
cell types. Although we have not computed precise 
frequencies of rescue, the efficiency of rescue of virus 
from transformed and revertant cells by both techniques 
was quite similar. 





Table 1 Hybridisation of cDNA; re to transformed and revertant field 
vole cell DNA 


Source of cellular DNA Hybridisation (%) 
RSV-infected duck 49.5 
RSV-transformed field vole 

Clone | 43.0 

Clone 22 33.0 
Revertant field vole 

Subclone 866 42.0 

Subclone 4 44.6 
Field vole liver 0.0 





Cellular DNA was prepared as previously described'® and frag- 
mented to a length of 300-400 nucleotides by treatment with 
0.3 N NaOH fror 30 min at 100 C. Hybridisation analysis was 
performed in 30-11 reaction volumes containing 0.6 M NaCl, 0.02 M 
Tris-HCl (pH 7.4) 0.002 M EDTA, 0.05% SDS, *H-cDNA,;. 
(1,500 ¢.p.m.) and a vast excess of fragmented, denatured cellular 
DNA (12 mg mI ~!) to Cor values of approximately 5 x 10‘ mols1I-!. 
All reactions were incubated for 70 h at 68 °C and the extent of 
hybridisation was determined by resistance to S, nuclease®*>**. 
% hybridisation was corrected for the intrinsic S, nuclease-resistance 
of cDNA, re (13.0%). 


Since the revertant vole cells contain the entire bio- 
logically active sarcoma virus genome, it was of interest 
to determine whether an alteration in the transcriptional 
expression of the proviral DNA genome was responsible 
for phenotypic reversion. Our previous studies had indicated 
that revertant field vole cells contained similar amounts 
of virus-specific RNA as the transformed cell types (R. 
Krzyzek, A.F.L., P. Vogt & A.J.F., submitted for 
publication). The cDNA probe used in these studies was 
a relatively uniform representation of the viral RNA 
genome and indicated that the bulk (~70%) of the RSV- 
specific nucleotide sequences were expressed as virus-specific 
RNA in both transformed and revertant cells. However, 
this probe was not sufficiently sensitive to determine 
whether differences in transcription of the viral transform- 
ing gene occurred in these cell types. Therefore, to 
determine directly the expression of the RSV-transforming 
gene sequences in transformed and revertant vole cells 
we used the “H-labelled cDNAs. probe to quantitate 
sarcoma-specific RNA in these cells. From Fig. 2 it can 
be seen that the rates of hybridisation of the CDNAsre 
probe to total cell RNA obtained from both transformed 
and revertant field vole cells was not appreciably different, 
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Table 2 Rescue of Rous sarcoma virus from transformed and revertant 
field vole cells by DNA transfection and Sendai virus-mediated fusion 
with susceptible chicken cells 





Sendai virus-mediated 


Cell type Transfection fusion 
RSV-transformed field cells 
Clone 1 + + 
Clone 22 ND + 
Revertant field vole cells 
Subclone 4 ; + 
Subclone 866 + + 


Uninfected field vole cells = 


Ee eR UNE EEREREEEREAIEENEEmnememee 


Cellular DNA was prepared from field vole cells by the method of 
Haase ef al.?*. Transfections were performed by coprecipitation of 
DNA with calcium phosphate?*:*4. Briefly, DNA dissolved in 
N-2-hydroxyethy!piperazine-N’-2-ethanesulphonate (HEPES)-saline- 
phosphate buffer at 20 ug mi~ was adjusted to 0.125 M CaCl, and 
allowed to precipitate at room temperature for 30 min. Aliquots 
(0.5 ml) of the DNA-calcium phosphate mixture containing approxi- 
mately 10 ug of DNA were then added to chick secondary fibroblasts 
(0.5-10* cells per 60-mm tissue culture plate) previously washed twice 
with (HEPES)-saline-phosphate buffer. After 30 min incubation at 
room temperature, 2.5 ml of growth medium containing 10% calf 
serum but without tryptose phosphate broth was added to the 
cultures which were then incubated for 4 h at 37°C. The growth 
medium containing the DNA~calcium phosphate mixture was then 
removed and replaced with growth medium containing tryptose- 
phosphate broth with 10% calf serum. Foci of transformed cells 
appeared within 10 to 14 d. When revertant or RSV-transformed 
field vole cell DNA was treated with pancreatic DNase (10 pg mi~, 
30 min at room temperature) before the addition of CaCl, no 
transformation of chick fibroblasts was observed. 

Rescue of RSV from field vole cells by Sendai-mediated fusion 
with chick fibroblasts was performed as described by Boettiger”. 
The procedure involved adding 0.1 ml of B propiolactone-inactivated 
Sendai virus (200-400 haemagglutination units) to cultures of chick 
secondary fibroblasts (0.5 x 10%-1.0 x 10° cells per 35-mm tissue 
culture plate) previously washed twice with cold growth medium 
without serum. The cultures were then incubated for 15 min at 4 °C, 
with cold growth medium without serum and 0.1 ml containing 
5 x 10° field vole cells previously treated with mitomycin C (10 pg 
mi~!, 2 h at 37 °C) was added. After incubation for 40 min at 37 °C, 
growth medium was added containing 10% calf serum. Foci of 
transformed cells appeared within 4—7d after fusion. No transforma- 
tion was observed if treatment of chick fibroblasts with Sendai virus 
was omitted. Coincident with the appearance of foci was the pro- 
duction of virus as assayed by particle count and focus formation. 
Identification of the virus as RSV subgroup D was accomplished 
serologically by demonstrating that infectivity of the rescued virus 
was neutralised by RSV-D-specific antisera. 

ND, Not done. 


indicating the presence of similar amounts of sarcoma- 
specific RNA in both cell types. In fact revertant subclone 
866R actually contained more sarcoma-specific RNA than 
both the transformed clones. Furthermore, the maximum 
hybridisation achieved from both cell types was identical, 
indicating that similar extents of transcription of the 
sarcoma-specific sequences had occurred in transformed 
and revertant cells. The extent of hybridisation with RNA 
from transformed and revertant field vole cells was identical 
to that observed with both RNA from transformed per- 
missive cells and purified 70S RNA from the same strain 
of RSV used to synthesise the cDNAs. probe. No 
hybridisation to the cDNAs. probe was observed with 
RNA from normal field vole cells (Fig. 2). 

In an effort to determine whether the sarcoma-specific 
RNA sequences were distributed similarly in transformed 
and revertant field vole cells, nuclear, cytoplasmic and 
polyribosomal RNA from these cells were hybridised to 
the cDNA. probe (Figs 3 and 4). The rates of hybridisa- 
tion obtained with the nuclear and cytoplasmic fractions 
indicated that the amounts of sarcoma-specific RNA 
present in the revertant cells were no less than that 
found in the corresponding fractions of the transformed 
cells. Thus it seems unlikely that the reverted state is 
related to an alteration in the intracellular localisation 
of sarcoma-specific RNA in these cells. Similar results 
were obtained for RNA isolated from polyribosomes 
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from both cell types indicating that the same amount 
of sarcoma-specific RNA is associated with polyribosomes 
in the revertant and transformed field vole cells (Fig. 4). 
The hybridisation analyses presented above between RNA 
from transformed and revertant vole cells and a cDNA 
probe representing sarcoma-specific RNA sequences 
indicate that the phenomenon of reversion in these cells 
is not a function of transcriptional regulation of the 





% Hybridised 





10-2 10° 0% 1 0* 
Crt (mol s 17?) 





Fig. 2 Detection and quantitation of sarcoma-specific R NA' in 
transformed and revertant field vole cells. Total cellular RNA 
was extracted from vole cells with sodium dodecyl sulphate- 
phenol at 56 °C as previously described**. Nucleic acids were preci- 
pitated with ethanol and collected by centrifugation a t13,000g 
for 30 min. The pellets were dissolved in DNase buffer (0.01 M 
Tris-HCl (pH 7.4), 0.01 MgCl, at a concentration of 0.5 to 
1.0 mg m!~?. Residual DNA was removed by digestion with 
20 ug of RNase-free pancreatic DNase ml? for 2 h at room 
temperature’. The preparations were then adjusted to 0,01 
M EDTA, 0.1 M Tris-HCl (pH 9.0), 0.5% SDS, extracted 
three times with two volumes of phenol~chloroform—isoamyl! 
alcohol (50:50:1), precipitated twice with ethanol, and re- 
suspended in TE buffer (0.02 M Tris-HCl, pH 7.4, 0.01 M EDTA). 
The conditions for the synthesis of virus-specific DNA in vitro 
with detergent-activated RSV are essentially those described by 
Stehelin et a/..7. Reaction mixtures contained 200 pg mi~? of 
virus protein; 0.1 M Tris-HCl (pH 8.1); actinomycin D (100 pg 
ml~2); 0.008 M MgCl,; 2% (v/v) B-mercaptoethanol; unlabelled 
dATP, dCTP and dGTP (each 2 x 1074 M); *H-dTTP (6.6 x 
1075 M, 0.33 mCi mi~); and Nonidet P-40 (0.08% v/v). After 
incubation for 4 h at 37°C, the reaction mixture was supple- 
mented with the addition of unlabelled dATP, dCTP, and 
dGTP to 4 x 1074 M, further incubated for 12 h and then 
terminated by the addition of EDTA to 0.01 M. The enzymatic 
product was extracted with SDS-Pronase—phenol, treated with 
100 ug mi~! pancreatic RNase for 1 hat 37 °C in 0.003 M EDTA 
to disrupt RNA:DNA hybrids, re-extracted with SDS-Pronase— 
phenol and concentrated by ethanol precipitation. CDNA 
complementary to the RSV transforming gene sequences 
(CDNA, re) was then purified from the total viral-specific DNA 
product by selective hybridisation to avian leukosis virus 
essentially as described by Stehelin ef al.’. The transformation 
specific nature of this probe was confirmed by demonstrating 
that cCDNA,,, hybridises to transforming sarcoma virus RNA 
but not to non-transforming leukosis virus RNA. Hybridisation 
of *H-labelled cDNA,,, to vole cell RNA was performed in a 
10-ul reaction mixture containing 0.01 M Tris-HCI (pH 7.4), 
0.6 M NaCl, 0.001 M EDTA, single-strand °9H-cDNA 
(1,500 c.p.m.), 1.0 mg mi~! yeast tRNA and the indicated 
amount of RNA. The reaction mixtures were sealed in 30-pl 
microcaps and incubated for either 24 or 70 h at 68 °C, Hybrid 
formation was detected by treatment of samples with single- 
strand specific S, nuclease**!. The results of hybridisation 
analysis were expressed as a function of C,1 (concentration of 
RNA in mol I~ x time of incubation in s). The percent hybrid- 
isation was corrected for the intrinsic S, nuclease resistance of 
cDNA; re (13%) and normalised to 100% values (actual hybrid- 
isation averaged 70-75°%). Each point represents the average of 
three separate determinations. (1, RNA 70S RNA; W. RSV- 
infected duck cells; ©, RSV-transformed field vole clone 1; A, 
RSV-transformed field vole clone 22; A, revertant field vole 
subclone 4; @, revertant field vole subclone 866; A, uninfected 


ane 


field vole; @, avian leukosis virus 70S RNA, 
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Fig. 3 Detection and measurement of sarcoma-specific RNA in 
the nucleus and cytoplasm of transformed and revertant field 
vole cells. Nuclear and cytoplasmic RNA from vole cells was 
prepared as follows. Frozen cell pellets were thawed rapidly at 
37 °C and resuspended in RSB buffer (0.01 M Tris-HCl (pH 8.3), 
0.01 M NaCl, 0.0015 M MgCl,) at approximately 5 x 107 
cells mi. The cell suspension was adjusted to 0.5% Nonidet 
P-40, incubated at 4 °C for 5 min at which time cell disruption 
was completed by ten strokes of a Dounce homogeniser. The 
nuclei were pelleted by centrifugation at 700g for 10 min, washed 
once with RSB buffer and then several times with RSB buffer 
containing 1% Nonidet P-40 and 0.5% sodium deoxycholate. 
The nuclear washes were pooled with the cytoplasmic fraction 
which was further clarified by centrifugation at 13,000g for 5 min. 
The nuclei were lysed by resuspension in buffer containing 
0.01 M Tris-HCI (pH 7.4), 0.5 M NaCl, 0.006 M MgCl, 
0.6 mM CaCl, and adjusted to 50 ug of RNase-free pancreatic 
DNase mi~. After incubation at room temperature for 20 min, 
EDTA was added to 0.01 M, Nuclear and cytoplasmic fractions 
were then incubated for 30 min at 37 °C in the presence of 
0.5% SDS and 500 ug of Pronase B (self-digested) mi~. The 
preparations were adjusted to 0.05 M sodium acetate (pH 5.1), 
0.01 M EDTA and 1% SDS, extracted three times at 56°C 
with an equal volume of phenol saturated with 0.05 M sodium 
acetate (pH 5.1), 0.01 M EDTA, and precipitated twice with 
ethanol. Nucleic acids were pelleted at 13,000g for 30 min, 
resuspended in DNase buffer and digested with RNase-free 
DNase as described above. The samples were re-extracted with 
phenol-chloroform—isoamy! alcohol and precipitated with 
ethanol as described for the preparation of total cellular RNA. 

Contamination of cytoplasmic fractions by nuclear RNA was 
less than | % as determined by previously published procedures?*. 
As far as cytoplasmic contamination of nuclear RNA was 
concerned, no obvious cytoplasmic material was present in the 
nuclei preparations as determined by contrast-phase micro- 
scopy. Furthermore, nuclear RNA preparations contained less 
than 5% 188 ribosomal RNA which is indicative of cytoplasmic 
contamination®®, Hybridisation of nuclear and cytoplasmic 
RNA to cDNA, re was performed at 68 °C for 70 h as described 
in Fig. 1. Each point represents an average of three separate 
determinations. a, Cytoplasmic RNA; b, nuclear RNA. O, 
RSV-transformed field vole clone 1; A, RSV-transformed field 
clone 22; A, revertant field vole subclone 4; @, revertant field 

vole subclone 866. 


RSV-transforming gene sequences since little or no 
difference in either the amount or the extent of 
transcription can be detected in these two cell types. Since 
the viral transforming gene sequences are potentially active 
in the revertant cell these data suggest that the control 
of the transformed phenotype in this cell system is under 
the influence of some post-transcriptional control mech- 
anism(s). The fact that no differences in the amount 
of sarcoma-specific RNA found associated with polyribo- 
somes could be detected between the transformed and 
revertant cell type further indicates that this post- 
transcriptional regulation does not involve either restriction 
of transport of sarcoma-specific RNA from the nucleus 
to the cytoplasm, or the lack of formation of sarcoma- 
specific polyribosomes in the revertant cell type. Although 
previous studies on other transformed-—revertant cell 
systems have indicated that regulation of expression of 
the sarcoma gene sequences can occur at the transcriptional 
level’, the data presented here is the first indication 
that the expression of this particular gene sequence 
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can also be regulated post-transcriptionally. Thus the mere 
presence of sarcoma virus-specific RNA in eukaryotic 
cells may not be sufficient to initiate transformation 
following infection of cells by RNA tumour viruses since 
the host cell must play an important part in determining 
which particular gene sequences are ultimately expressed. 
This may explain the situation that exists in normal avian 
cells which contain low levels of sarcoma-specific RNA 
but are by no means transformed (D. Spector, H. Varmus 
& J. M. Bishop, personal communication) and may reflect 
the requirement of a host cell component that the sarcoma 
gene product must interact with in order to establish 
and/or maintain transformation. It is conceivable that 
this host cell component is absent in subclones of revertant 
vole cells. These transformed and revertant field vole 
cells should therefore provide us with a eukaryotic cell 
system with which to study the transformed phenotype 
and the epigenetic host factors that are operative and 
required either to regulate or maintain the expression 
of the viral transforming gene functions. Experiments 
are currently in progress to determine if viral-specific 
proteins, including the sarcoma gene product, can be 
detected in the revertant subclones. Retransformation 
of the revertant field vole cells by RSV is also being 
attempted. Collectively these studies should contribute to 
our understanding of the level of restriction of sarcoma 
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Fig. 4 Detection and measurement of polyribosome-associated 
sarcoma-specific RNA in transformed and revertant vole cells. 
Total polyribosomal RNA from transformed and revertant 
vole cells was prepared essentially according to the method of 
Gielkins et al.*°. Briefly, cells were washed with phosphate- 
buffered saline containing 200 pg of cycloheximide ml, 
resuspended in buffer containing 0.05 M Tris-HCI (pH 8.5), 
0.225 M KCI, 0.008 M MgCl., 0.002 M dithiothreitol, 500 pe 
of heparin, 200 ug of cycloheximide mi~ and 2% Nonidet P-40 
and disrupted with a Dounce homogeniser. Nuclei and cell 
debris were removed by centrifugation and the 13,000g post- 
nuclear supernatant was layered on to a discontinuous sucrose 
gradient. Polyribosomes were pelleted by centrifugation, 
resuspended in 0.1 M Tris-HCI (pH 9.0) containing 0.5% SDS, 
extracted three times with phenol-chloroform-isoamy! alcohol 
(50:50:1) and precipitated twice with ethanol. Polyribosomal 
RNA was then digested with RNase-free DNase, re-extracted 
with phenol-chloroform—isoamyl alcohol and precipitated with 
ethanol as described in Fig. 1. In control experiments, treatment 
of the polyribosomal pellets with 30 mM EDTA for 15 min at 
room temperature released 90% of the sarcoma-specific RNA 
sequences consistent with its function as mRNA. Hybridisation 
of polyribosome-associated RNA to cDNA,,. was performed 
for 70 h at 68 °C as described in Fig. 2. Each point represents 
an average of two to four separate determinations. O, RSV- 
transformed field vole clone 1; A, RSV-transformed field vole 
clone 22; a, revertant field vole subclone 4; @, revertant field 
vole subclone 866, 
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gene expression in this cell system and ultimately, elucida- 
tion of the precise nature of the cell function involved. 
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Cis—trans isomerisation in 
rhodopsin occurs in picoseconds 


It has been believed for some time that the primary event in vision, 
the photochemical formation of bathorhodopsin, can be attri- 
buted to a cis-trans photoisomerisation'. Recently this model has 
been questioned. Busch er al. proposed that the less-than-6-ps 
formation time of bathorhodopsin from rhodopsin does not allow 
significant isomerisation of the | l-cis chromophore to an all-rrans 
isomer?. This apparent difficulty with the cis-frans photo- 
isomerisation model has prompted alternative models including 
(1) a mechanism involving deprotonation of the Schiff base 
nitrogen, (2) proton transfer from the retinal methyl at position 
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five to opsin* (involving the shifting of double bonds along the 
polyene chain to form a ‘retro’ type retinal), and (3) a photoin- 
duced electron transfer to retinal from a protein donor group. We 
have approached this question by performing picosecond 
absorption kinetic measurements on the formation time of 
bathorhodopsin from bovine rhodopsin and isorhodopsin. The 
essence of this experiment is that bathorhodopsin, being the 
common photo-product of rhodopsin (1 1-cis retinal) and isorhod- 
opsin (9-cis retinal) must bean isomerised product of at least one of 
these pigments, but could be a product of both pigments (that is, 
basically all-rrans retinal). Thus formation time measurements of 
bathorhodopsin from the two primary pigments can settle whether 
isomerisation can take place on the picosecond time scale. 
Rhodopsin is the visual pigment in disk membranes of verteb- 
rate rod cells’. It is composed of the chromophore, 11-cis retinal, 


covalently linked through a protonated Schiff base to a small 


protein called opsin. On absorption of a photon by the 
chromophore, a consecutive series of thermal intermediates is 
formed ending in the release of all trans retinal and free opsin®*. 
The opsin binding site also accommodates a 9-cis retinal. This 
pigment, isorhodopsin, has the same thermal intermediates as 
rhodopsin. The first thermal intermediate, bathorhodopsin, has 
been shown to be generated from rhodopsin in less than 6 ps at 
room temperature and thermally decays in about 100 ns (ref. 2). 

The picosecond apparatus is detailed in Fig. 1. Generated pump 
and probe pulses were at 530 and 561 nm respectively. Rod outer 
segment membrane fragments were isolated from dark-adapted 
bovine retinae essentially as described previously'®. Solubilised 
rhodopsin was obtained by extracting the membrane fragments in 
3% lauryldimethylamine oxide and 50 mM phosphate buffer (pH 
6.6). Isorhodopsin was prepared photochemically?! by taking 
some of the rhodopsin samples to liquid nitrogen temperature, 
irradiating using the 568,2-nm krypton laser light, and warming. 
All measurements were taken at room temperature, and the sample 
stirred between each laser pulse to avoid light induced sample 
changes in the laser light path. No average sample degration was 
observed during the experiments as measured by standard 
ultraviolet—visual absorption spectroscopy. 

In these measurements, care must be taken so as not to over drive 
the sample in the laser beam during the picosecond pulse. For 
example. significant amounts of isorhodopsin can be produced 
froma rhodopsin sample at high light levels. Calculations using an 
average intensity for the laser pulse, the quantum yields'?:"? and 
absorption constants at the pump wavelength show that less than 
10°. of the rhodopsin sample in the laser path would be converted 
toisorhodopsinand similarly for isorhodopsin to rhodopsin. Also, 
for the pump intensities used, the yield of bathorhodopsin starting 
with isorhodopsin would be about half the yield of bathorhodop- 
sin from rhodopsin, in agreement with the experimental results. 

The time dependence of the laser-induced absorbance changes 
for the conversion of rhodopsin and isorhodopsin to bathorhodop- 
sin are shown in Fig. 2. The salient feature of the curves isthe rapid 
rise within 9 ps. Thus, the photochemical formation of bathorhod- 
opsin from either rhodopsin or isorhodopsin occurs in less than 
9 ps. The time to reach half the limiting absorbance change’* is 
about 3 ps. This is an indication of the formation time of 
bathorhodopsin. The formation time from rhodopsin is in agree- 
ment with the work of Busch er al.?. 

As briefly argued above, bathorhodopsin must be an isomerised 
product of at least one of the primary pigments. Proof for this is 
given by recent resonance Raman work (a technique sensitive to 
conformation'*). Similarities between the resonance Raman 
spectra of the I1-cis protonated Schiff base in solution and 
rhodopsin, and between the 9-cis protonated Schiff base and 
isorhadopsin, show that the conformations of the retinals of 
rhodopsin and isorhodopsin are I 1-cis and 9-cis respectively, and 
are not particularly distorted by the surrounding protein! ®' 7. In 
addition. the resonance Raman spectrum of photochemically 
produced isorhodopsin?' is identical to that of regenerated 9-cis 
retinal'® and opsin, proving that complete photoisomerisation(s) 
about two double bonds takes place in the rhodopsin- 
> bathorhodopsin isorhodopsin phototransitions. Either at the 
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Fig. 1 Schematic representation of 
the experimental system, The com- 
ponents include: a Nd? + glass oscil- 
lator with cavity mirrors M and satur- 
able dye absorber: a single pulse selec- 
tor consisting of two crossed pol- 
arisers, Pockels cell and spark gapia 
half wave plate and ‘clean-up’ satur- 
able dye absorber: two Nd? + glass 
amplifiers (gain x 20): filter F, toelim- 
inate flash lamp: a second harmonic 
generator: filter F, to eliminate 
1.06 um; a 15-cm benzene cell to pro- 
duce stimulated Raman scattering at 
561 nm; specially coated mirrors to 
separate the 530 nm and 561 nm beam 
paths: in the 56} nm path. an expand- 





ing telescope lens system, a time delayed reflection echelon (14 steps at 4.5 ps per step). filters Fand F4 to eliminate 530 nm, a focusing lenson sample 
and an optical multichannel analyser detector system; in the 530 nm path, a delay prism and directing mirros. The full width at half maximum for the 


1.06 um and 530 nm pulses are 9 ps and 7 ps respectively. 


first or the second photoreaction or at both photoreactionsa major 
isomerisation must take place. Thus, there is no doubt that 
bathorhodopsin, being a common photoproduct of both rhodop- 
sin and isorhodopsin, is an isomerised product ofat least one of the 
primary pigments. 

Our picosecond results show that major photo-induced 
isomerisation(s) of retinal in bovine rhodopsin can take place ona 
picosecond time scale since both rhodopsin -» bathorhodopsin and 
isorhodopsin ~ bathorhodopsin photoreactions take place in less 
than 9 ps, In agreement with our observations, Warshel!” has 
shown that picosecond isomerisation times are theoretically 
feasible in rhodopsin, although this theoretical approach relies 
heavily on the exact nature of the excited state potential surfaces 
which are difficult to obtain precisely. 

Huppert ev al? have performed kinetic measurements with 
protonated retinal Schiff bases in solution, and report nanosecond 
recovery kinetics which are ascribed to isomerisation times. From 
our results and theirs, it seems likely that in the visual pigments 
the photoisomerisation times are greatly accelerated by 
chromophore-protein interactions. That the protein significantly 
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Fig.2 Laser-induced absorbance changes at 56} nm asa function of 
time in detergent solubilised bovine rhodopsin ( x )and isorbodopsin 
(@) at room temperature. Bathorhodopsin is the only intermediate 
during the bleaching of bovine rhodopsin known to absorb strongly 
at 561 nm. The energy of the 530-pump pulse was about 1074F: 
the energy of the 561-nm probe pulse was about 1077 J. The beam 
sizes were about | mm? for the pump and 0.5 mm? for the probe. 
The samples (about 1.5 ml) were held in 0.5-cm cuvettes. The con- 
centrations were about 4A cmo! at the absorption peaks near 
500 nm: the ratios A400: Asgy were about 0.3: and ratios A s394 sp0 
were about 0.7 for rhodopsin and 0.5 for isorhodopsin. Each data 
point shown is the average of six (rhodopsin) and nine (sorhodopsin) 
laser shots. Typical mean standard deviations are +0.03. The zero 
time js located using a 0.5 cm CS; Kerr optical shutter?! at the 
sample site. The half width at half maximum for the CS, shutter 
prompt response curve is about 6 ps. 


modifies this retinal property is not surprising. In contrast to 
retinals in the visual pigments, protonated retinal Schiff bases in 
solution have blue-shifted absorption bands and much reduced, 
wavelength dependent quantum yields of photoisomerisation! >, 

Finally, our results do not describe the exact nature of 
bathorhodopsin. Rosenfeld er al.'3, however, using the basic early 
arguments of Hubbard and Kropf! and Yoshizawa and Wald? 
concerning the properties of bathorhodopsin (or lumirhodopsin), 
recent resonance Raman data!*, and recent artificial pigment 
work have recently argued that the chromophore of bathorhodop- 
sin must have essentially a srans conformation but not necessarily a 
planar one. Our results remove any uncertainty from these 
arguments due to the picosecond isomerisation times. 

We thank Professor Honig for useful discussions, and Princeton 
Applied Research for the use of an OMA. This work was 
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Programs and Philips Laboratories. B.H.G. isa Philips Fellow and 
R.R.A.an Alfred P. Sloan Fellow. 
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Darwin’s papers 





The Collected Papers of Charles 
Darwin. (2 Volumes.) Edited by Paul 
H. Barrett, with a Foreword by Theo- 
dosius Dobzhansky. Pp. viii + 277+ 326. 
(University of Chicago: Chicago and 
London, 1977.) £27.30; $40 the set. 





Tuese volumes bring together 152 
papers which Darwin published over a 
period of forty-seven years. They 
range in length from a paragraph to 
forty-eight pages. Thirty-three of them 
first appeared in Nature, between 1869 
and 1882. Others were contributions to 
learned societies of which Darwin was 
a member: the Geological (12), 
Linnean (9), Zoological (4), Geograph- 
ical (1), and the Royal (1). (His sole 
contribution to the Royal Society was 
his solution of the problem of the 
‘Parallel Roads of Glen Roy’, a paper 
he later called a ‘gigantic blunder’.) 

The largest number of items (50) are 
from The Gardeners’ Chronicle and 
Agricultural Gazette, the medium 
Darwin used for communication with 
plant and animal breeders. The rest of 
the papers are mainly from periodicals 
concerned with popular but serious dis- 
cussion of scientific matters, like the 
Natural History Review. 

An appendix lists fifty-two articles 
dealing with the species collected by 
Darwin on the Beagle voyage, in it- 
self a considerable bibliographical con- 
tribution. All of Darwin’s notes are 
preserved. Professor Barrett’s notes are 
relatively few in. number and are con- 
cerned with identifying persons and 
places and explaining technical terms. 

The effect produced by the papers in 
their totality is dramatic in the way 
they make clear the range of Darwin’s 
interests, his powers of observation, his 
imaginative questioning, his probing for 
facts that he hoped would. corroborate 
his hypotheses, and his astonishing 
talent for experimentation. 

The papers naturally vary consider- 
ably in scientific and historical signifi- 
cance. Some are famous. like the joint 
paper with Wallace in which Natural 
Selection was first announced, and his 
remarkable papers on plant physiology. 

Some of the brief and apparently 
ephemeral items are now seen to be 
important in Darwin’s work on his 
species theory. As Theodosius Dobz- 
hansky points out in his appreciative 
and graceful Foreword, Darwin’s short 
query about ‘A Mouse-Coloured Breed 


of Ponies’ was really asking ‘Have the 
species horse and ass descended from a 
common ancestor’?. Similarly, Dar- 
win’s experiments on the ability of 
seeds to survive immersion in salt 
water were designed to provide him 
with an explanation of the geographical 
distribution of species that could dis- 
pense with creationism and Forbes’s 
vast continental extensions. 

Although this is primarily a reference 
work, there is plenty of interesting and 
readable material in it. Darwin wrote 
many of the pieces in clear non- 
technical prose for those interested in 
such subjects as erratic boulders, the 
fine dust that falls on ships in the 
Atlantic, mimetic butterflies, the 
fertilisation of British orchids, the 
origin of certain instincts, or the bio- 
graphical sketch of an infant. 

Scholars will want to know how com- 
plete the collection is. The answer 
depends on what criteria are used in 
selection. Professor Barrett includes 
only papers published by Darwin in his 
lifetime. Richard Freeman, in his new 
edition of the bibliographical handlist 
of Darwin’s works includes posthumous 
articles, memorials, and items privately 
printed and circulated by Darwin. On 


reviews 





Frederick Burkhardt 





Professor Barrett’s criteria, each work 
has four items overlooked by the other. 
Using Mr Freeman’s standards, but 
omitting repetitive printings, nine more 
might have been included. For example, 
Darwin’s important ‘Queries about the 
Breeding of Animals’ is omitted by 
Barrett because it was printed and dis- 
tributed privately, but the ‘Queries 
about Expression’ is included because it 
found its way into an Annual Report of 
the Smithonian Institution. Again, 
Professor Barrett omits three items 
because the books to which they were 
contributed were published after 
Darwin’s death. Since these circum- 
stances in no way affect the authentic- 
ity of the writings or their importance, 
it seems arbitrary to deny them a place 
in a Collected Papers. 

This editorial question aside, Pro- 
fessor Barrett deserves great credit for 
making these writings available in a 
convenient and reliable collection in 
which scholars and non-specialists 
alike will find both profit and pleasure. 





Frederick Burkhardt, President Emeritus 
of the American Council of Learned 
Societies, is co-editor, with Sydney Smith, 
of the prospective Collected Letters of 
Charles Darwin. 








Complex systems 








The Foundations of Cybernetics. By F. 
H. George. Pp. xiv+286. (Gordon and 
Breach: London, Paris and New York, 
1977.) £13.50. 





Tue last page of this book contains the 
following comment “. . . about the 
word Cybernetics. In America it is now 
slightly frowned upon, and although 
the word is currently more acceptable 
in the United Kingdom it is still suspect 
in some quarters. . . . The problem 
stems from the arbitrary divisions we 
have in our sciences, and the very slow 
conservative attitude of scientists to- 
wards the development of scientific 
ideas and classifications . . .”. 

Up to a point the complaint deserves 
sympathy. Much can be gained from 
interdisciplinary work. There is, of 
course, little to stop the individual 
from drawing his own “arbitrary divi- 
sions”. Whether his new subject 
becomes acceptable to the larger com- 
munity depends on what it has to offer 
and the following it can attract. 


Broadly, Cybernetics encompasses the 
study of complex systems. On the one 
hand there are the man-made systems 
of automation and computer tech- 
nology and, on the other, those pro- 
vided by nature, such as the brain of 
man and other physiological organs. 
There is, one hopes, a conceptual 
framework common to both. The man- 
made systems can serve as a source of 
analogies for the development of 
theory in psychology and physiology 
while, in the reverse direction, the liv- 
ing world can act as a source of 
inspiration to inventors. 

The book is concerned with the, as 
yet undeveloped and unconnected, con- 
ceptual framework that may serve the 
two sides. There are chapters on feed- 
back, finite automata, neural nets, 
logic, computers, information theory, 
and aspects of psychology and phy- 
siology. With a net cast so wide, it is 
not surprising to find that the treat- 
ment of some topics is superficial. This 
means that for information on any one 
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of the topics one could do better by 
turning to more specialised sources, As 
a book of its kind, however, it is one 
of the best. 

It is clear from the evidence pre- 
sented that Cybernetics still awaits its 
breakthroughs. As a body of theory it 
has little to offer and seems to have 
taken almost everything it has from 
other disciplines. The developments 
envisaged by Wiener, Ashby, and 
others, that can result from the inter- 
action of ideas from biology and tech- 
nology do, of course, continue to take 


place; but, perhaps not, as they had 
hoped, under the heading of Cyber- 
netics. Ironically, there is the consola- 
tion that the “arbitrary divisions” 
which, some thirty years ago, marked 
out this new field of science are not 
likely to become hard-set, and thereby 


to obstruct future changes in the 
internal boundaries of science. 
V. Zakian 





V. Zakian is Lecturer at the University 
of Manchester Institute of Science and 
Technology, Manchester, UK. 





Heterocyclic 
chemistry 


Stereochemistry of Heterocyclic Com- 
pounds. Part 2: Oxygen, Sulfur, Mixed 
N,O, and $, and Phosphorus Hetero- 
cycles. By W. L. F. Armarego. Pp. xviii 
+494. (Wiley-Interscience: London 
and New York, 1977.) £32.65; $54. 





ALTHOUGH the literature of organic 
chemistry includes many comprehen- 
sive surveys of the stereochemistry and 
conformational analysis of carbocyclic 
compounds, scant attention has hitherto 
been given to the corresponding aspects 
of heterocyclic chemistry. Numerous 
discussions of isolated topics in this 
vast, comparatively neglected area are 
scattered throughout the review litera- 
ture, but the present two-volume set 
appears to be the first monograph to 
attempt a review of this field as a 
whole. This second volume is devoted 
to the stereochemistry of oxygen, 
sulphur, mixed nitrogen, oxygen and 
sulphur heterocycles, and a final 
chapter deals with phosphorus hetero- 
cycles, 

The organisation of the volume is 
the same as that of the first, even to 
the extent that the first brief, intro- 
ductory chapter, which explains the 
order of discussion of the data, is 
identical in the two volumes. Each 
section begins with a discussion of the 
stereochemical aspects of the synthesis 
of compounds in the group, then 
follows a discussion of the configura- 
tion, and then the conformation, of the 
compounds, and finally stereochemical 
aspects of their reactions are discussed. 
The whole project is one of daunting 
proportions; this is amply illustrated 
by the fact that this second volume 
alone contains a bibliography of over 
2,400 references, which cover the sub- 
ject completely up to the end of 1974, 
and incompletely for 1975. Presumably 
because of the enormous volume of 
material to be reviewed, the final 
chapter has been contributed by M. J. 
Gallagher. 

The coverage of this material in 
under 450 pages of text has resulted 
in inevitable restrictions; the style is of 


necessity compressed, but it is clear, 
critical, and very readable. Where 
earlier authoritative reviews exist, the 
author has been concerned primarily 
with updating them. Important stereo- 
chemical principles and illustrations of 
syntheses and reactions are taken 
mainly from the behaviour of model 
compounds, and a discussion of the 
vast number of natural products is not 
attempted. In the present context this 
includes, for example, furanose and 
pyranose carbohydrates, penicillins and 
cephalosporins. Steroidal epoxides are 
also among the groups omitted; how- 
ever, in all these areas, the excellent 
bibliography provides a ready entry 
into these aspects of the subject, as 
well as providing a comprehensive 
bibliography for readers who wish to 
pursue the subject matter of the text 
in greater depth. 

The book is beautifully produced, 
and typographical errors are rare. The 
formulae have been very skilfully 
drawn by the authors talented 
amanuensis, the heteroatoms and sub- 
stituent groups being inserted manually 
rather than in the usual type-face. 
This has presumably resulted in some 
economy in production, and it has also 
obviated one possible source of errors, 
without any sacrifice of production 
standards. There is a moderately 
detailed subject index, which also 
includes the names of authors men- 
tioned in the text; there is no separate, 
complete, author index. 

This volume certainly fills a very 
important gap in the review literature 
of heterocyclic chemistry, and since, 
with its companion volume on nitrogen 
heterocycles, it heralds the introduction 
of a new series of monographs on 
general heterocyclic chemistry, each 
volume in which will survey one aspect 
of the whole field of heterocyclic 
chemistry, it is to be particularly 
welcomed. It will be immensely useful 
to advanced undergraduates and to 
research workers in heterocyclic 
chemistry, and it surely belongs in 
every chemistry library and hetero- 
cyclic research laboratory. 

J. E. Saxton 


dJ. E. Saxton is Senior Lecturer in Organic 
Chemistry at the University of Leeds, UK. 
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Biological 
tools 


Introduction to the Spectroscopy of 
Biological Polymers. Edited by D. W. 
Jones. Pp. xii+328. (Academic: Lon- 
don and New York, 1977.) £11.60; 
$25.50. 





SPECTROSCOPIC techniques have played 
no less an important part in the 
structural studies of biological macro- 
molecules than they have in more 
classical studies of simpler molecules, 
and the range of spectroscopies, if dif- 
fering in emphasis, has been equally as 
wide. Consequently, an author or editor 
aiming to produce a book that covers 
all or most of the spectroscopic tech- 
niques used in studying biological poly- 
mers sets himself an unenviable task. 
He not only attempts a synthesis of 
several highly specialised subjects but 
does so, unlike his many predecessors 
who have undertaken similar enter- 
prises in a purely chemical context, 
knowing he can make very few assump- 
tions about his readers’ knowledge of 
mathematics and physics. 

The editor of this work has overcome 
the problem of the multidisciplinary 
nature of his subject by choosing an 
author eminent in each field to con- 
tribute a chapter on that speciality. 
He has sandwiched these chapters 
between a general introduction to 
molecular spectroscopy and a conclud- 
ing chapter briefly describing some 
examples that illustrate the power 
of combining several spectroscopic 
techniques to tackle a specific biological 
problem. The approach throughout is 
descriptive and not mathematical, and 
several difficult physical concepts are 
explained clearly. 

The most original aspect of the book 
is the strong emphasis placed on the 
use of vibrational spectroscopy. The 
chapter on Raman spectroscopy is 
particularly welcome as advances in 
laser technology over the past decade 
have made this technique a powerful 
biological tool. No less welcome and 
more suprising are the two chapters 
on infrared spectroscopy. They illus- 
trate the potential of this technique 
especially when combined with Fourier- 
transform analysis. They also link the 
work done on biological polymers with 
that done on the industrially important 
synthetic polymers. The remaining 
chapters cover absorption, emission, 
optical rotation, circular dichroism, 
nuclear magnetic resonance, electron 
spin reasonance and Méssbauer 
spectroscopy. Michael T. Flanagan 





M. T. Flanagan, until recently a member 
of the Biophysics Division of the National 
Institute of Medical Research, London, is 
now with Standard Telecommunication 
Laboratories, Harlow, UK. 
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Space-time 
proceedings 
Asymptotic Structure of Space-Time. 
Edited by F. Paul Esposito and Louis 


Witten. Pp. vii+ 442. (Plenum : London 
and New York, 1977.) $51. 





In recent years it has increasingly be- 
come the practice for the proceedings 
of international scientific conferences 
to be published a year or so later in a 
single volume at an exorbitant price. 
Occasionally these collected works are 
very useful as a comprehensive review 
of a new or rapidly developing subject, 
and if well written and edited can 
provide students with a convenient 
access to up-to-date work. All too often, 
however, the proceedings are a hotch- 
potch of incomplete articles, bearing 
only a superficial connection to each 
other, and coexisting under the same 
cover merely to avoid offending some 
of the conference contributors. 

The usefulness of conference pro- 
ceedings is stil further reduced when 
preprints of the papers are thoroughly 
circulated beforehand and all the pub- 
lisher does is to bind together repro- 
ductions of these manuscripts (often 
containing barely legible hand-written 
mathematical symbols and a multipli- 
city of type faces) and offer the end- 
product for anything up to a few dozen 
dollars. 

Many of these volumes are now 
being offered to university libraries 
labouring under stringent budget con- 
trols, so that would-be purchasers are 
becoming much more discerning in 
their requirements. They will be in- 
terested to know that Asymptotic 
Structure of Space-Time is, by these 
recent standards, very well put to- 
gether. True, the price, at $51, is 
regrettably high, but most of the manu- 
scripts have been well prepared and 
typed, and the papers are of a fairly 
uniform style and standard. The con- 
ference took place in Cincinnati in 
June 1976, and covers a selection of 
important and fast-moving new deve- 
lopments in mathematical relativity 
and space-time structure. After a use- 
ful and well written introduction by 
R. Geroch the reader is treated to a dis- 
course on cone space, (Brian Bramson), 
conformal bundle boundaries (B. G. 
Schmidt) and complex vacuum metrics 
(J. F. Plebanski and I. Robinson). I was 
disappointed that the theory of twistors 
did not receive some prominence, but 
there are two good papers on the re- 
lated topic of H-space (E. T. Newman, 
K. P. Tod and M. Ko), although these 
are far too condensed. 

The recent resurgence of interest in 
quantum aspects of gravitation is re- 
flected in a (once again, too short) 


paper on supersymmetry by P. van 
Nieuwenhuizen, together with an ex- 
cellent and very readable review on 
quantum field theory in curved space 
and particle production by gravitational 
fields, by Leonard Parker. 1 found this 
one of the best presented of all the 
papers, and its list of 168 references is 
a masterpiece of literature research. 
My overall impression of this book 
is that it is well edited and presented, 
and is nice to have available. 
Paul Davies 





Paul Davies is Lecturer in Mathematics at 
King’s College, University of London, UK. 





Methylmercury 
intoxication 


Minamata Disease. Methylmercury 
Poisoning in Minamata and Niigata, 
Japan. Edited by T. Tsubaki and K. 
Irukayama. Pp. 310. (Kodansha: 
Tokyo; Elsevier: Amsterdam, New 
York and Oxford, 1977.) $48.25; Df. 
118. 


METHYLMERCURY intoxication is now 
frequently called Minamata disease as 
it was first around the Minamata Bay 
that methylmercury caused a mass 
epidemy. One of the best parts of the 
book deals with the background and 
epidemiology of this and a similar 
epidemy in Niigata. The Minamata 
epidemy started in 1941 with individ- 
ual cases and its epidemic proportion 
was noticed in 1956 when it was 
first believed to be of infectious origin. 
In 1958 Dr McAlpine, who saw some 
of the patients, called attention to the 
similarity between Minamata Disease 
and methylmercury intoxication. His 
paper written with Dr Araki and pub- 
lished in the Lancer in 1958, but not 
mentioned in the otherwise detailed 
historical and clinical account, turned 
the attention to mercury; and sub- 
sequently methylmercury was indenti- 
fied in sediments, seafood and in the 
drainage system of the Minamata 
factory. 

Although the number of yearly cases 
declined, new cases were reported. as 
late as 1972-73, which is not surprising 
as the mercury concentration in shell- 
fish remained up to that period of about 
5 p.p.m., but sometimes as high as 16 
p.p.m. The situation was not very 
different in Niigata, where the ban on 
fishing in the Agano river did not pre- 
vent new outbreaks, which are dis- 
cussed in this book as intoxications with 
delayed onset. Whether methylmercury 
is able to precipitate disease long after 
the cessation of exposure is an import- 
ant problem, but inadequately handled 
in the whole book. There is also a 
certain reluctance to re-value past 
views: data based on the dithizone 








183 


method is interpreted without reserva- 
tion although according to a table this 
method, compared with atomic absorp- 
tion, generally underestimated tissue 
mercury levels by a factor of 3. 
Translation is very uneven and often 
puzzling. A sentence like “After an 
interval of 14 years, one of the 4- cases 
came to necropsy, and was found to be 
grossly ataxic; blindness. of the left-eye 
and severe constriction of- the visual- 
field in the right eye persisted” is more 
than a puzzle, but it might illustrate the 
difficulty of interpreting some para- 


graphs with less blatant error. It might 


be that the translation is responsible 
for the surprising statement that mer- 
cury half-time in the brain was cal- 
culated from autopsy material. 
Despite shortcomings, Minamata 
Disease is an important publication on 
the origin, epidemiology, pathology and 
clinical aspects of the two outbreaks in 
Japan. It would be a very much better 
book, however, if publications of 
this type were submitted to the same 
rules as any publication in a learned 
journal: revision based on the sugges- 

tions and criticisms of two referees. 
Laszlo Magos 





Laszlo Magos is Senior Scientific Officer 
at the MRC Toxicology Unit, Carshalton, 
UK. 
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Functional 
groups 
Chemistry of Functional Groups. 


Supplement A: Chemistry of Double- 
Bonded Functional Groups. Parts 1 and 
2. Edited by S. Patai. Pp. 651 each 
part. (Wiley: London, New York 
Sydney and Toronto, 1977.) Part 1 £29; 
$52.50; Part 2 £29.50; $55. Suppl. as a 
set £58.50; $107.50. 





SUPPLEMENT A to Chemistry of 
Functional Groups is the first in a set 
of planned suplementary volumes to 
this well established series. The aim of 
the Editor is to include in them the 
“missing chapters’ from earlier vol- 
umes in addition to providing other 
chapters to extend and bring up to date 
the material in the earlier volumes. 
The two parts of this supplement A 
relate chiefly to earlier volumes in the 
series on alkenes (1964 and 1970), the 
carbonyl group (1966), the carbon- 
nitrogen double bond (1970), and the 
azo group (1975). 

The first part contains chapters in 
which all of the above groups are con- 
sidered, usually separately within each 
chapter. Reviews on dipole moments. 
configurations and conformations of 
molecules, liquid crystals, and thermo- 
chemistry provide a timely reminder 
of the value of an understanding of the 
physical properties and structures of 
organic molecules as a basis for a study 
of their reactions and reactivity. The 
chapters which follow on the mechan- 
isms of elimination and addition re- 
actions, electrochemistry, 1,3-dipolar 
cycloadditions, and the reactions of 
carbenes, demonstrate the rapid de- 
velopments in these areas in recent 
years, and provide the reader with a 
clear picture of the advances that have 
taken place. 

Part two commences with a review 
on the formation of unsaturated groups 
by heterolytic fragmentation. It is par- 
ticularly useful in showing that numer- 
ous apparently different reactions 
conform to a common pattern of 
reactivity and lead to the formation of 
compounds with double-bonded func- 
tional groups. The remaining chapters 
are on more specific subjects, and are 
concerned with reviews of electro- 
philic additions to carbon-carbon 
double bonds, the olefin metathesis 
reaction, oxidation of ~-~C=C- and 
-C=N groups. and transition metal- 


catalysed carbonylation of olefins, 
imidines and diamides  (1,3,5-tria- 
zapentadienes). 


All chapters in the supplement are of 
the nature of essay reviews not claim- 
ing to give encyclopaedic coverage. 
They are well written with clear dia- 
grams and reaction schemes. Although 


coverage is selective, the authors have 
been careful to choose illustrative 
examples that demonstrate the essential 
principles they wish to convey. Cross 
references are given to earlier volumes 
in the series as well as to other reviews 
and to many individual papers. In some 
chapters as many as 500 references are 
provided. 

The main value of this series is that 
a reader on studying a particular 
chapter will get a clear overall picture 
of the aspect of chemistry that ıt 
covers, and will be able to explore 
more deeply by consulting the refer- 
ences provided. In this supplement, the 
chapters vary in the ground they 
attempt to cover; some survey enor- 
mous fields, others bring together 
reactions of a number of different func- 
tional groups within a coherent frame- 
work, and yet others cover very specific 
topics. Within the framework of the 
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series these two volumes represent 
valuable additions to their parent vol- 
umes published earlier. They will be 
useful to undergraduate and post- 
graduate students, and also to research 
workers in industry. The scope of the 
series makes its price beyond the 
pockets of individuals but these 
volumes, like the others in the series, 
will be most important additions to the 
libraries of teaching and research 
establishments specialising in organic 
chemistry. The series is likely to in- 
crease in value particularly when, in 
these inflationary days, the range of 
review journals and periodical reviews 
subscribed to by libraries have to be 
curtailed on financial grounds. 

D. I. Davies 





D. I. Davies is Reader in Organic Chemis- 
try at King’s College, University of 
London, UK. 





Water and 
tropical agriculture 


Climate, Water and Agriculture in the 
Tropics. By 1. J. Jackson. Pp. xii+ 248. 
(Longman: London and New York; 
1977.) £3.75. 





Since temperature is always adequate 
for plant growth in the tropics, the 
main climatological limitation to agri- 
culture is often inadequate rainfall. 
Climate, Water and Agriculture in the 
Tropics by Jackson therefore covers 
what is potentially an important field. 
The author has spent six years lecturing 
in Tanzania, so he has first-hand experi- 
ence of the problems and is well quali- 
fied to write this particular book. He 
examines the characteristics of tropical 
rainfall and evaporation, together with 
their implications, especially as related 
to agriculture, land use and other 
aspects such as soil erosion and irri- 
gation. Early chapters consider the 
origins of tropical precipitation, rain- 
fall seasonality and variability, and 
rainfall intensity. The general atmos- 
pheric circulation of the tropics is dis- 
cussed briefly. Only one chapter is 
devoted to evaporation, with a short 
discussion of methods of estimation. 
The final chapters are concerned with 
water—plant relationships and the book 
ends with a discussion of man’s impact 
on the hydrological cycle. 

The tropics are vast in area, and 
cover a great variety of climatic types. 
It is therefore impossible in a book of 
limited length to cover all aspects of 
tropical plant-water relationships. 
Although the coverage of the book is 


wide, it does tend to concentrate on the 
humid tropics of Africa and Asia, with 
particular emphasis on the statistical 
aspects of rainfall. Considering its im- 
portance to the energy balance of 
tropical plants, evaporation is discussed 
somewhat briefly. Evaporation depends 
largely on the available radiation, but 
there is no discussion of the distribution 
of solar radiation in the tropical world. 
Given an adequate water supply, plant 
yields depend to some degree on the 
available solar radiation, which in the 
summer hemisphere can increase 
away from the equator, leading to the 
highest crop yields in the subtropics. 
This is another reason for introducing 
some discussion on tropical solar radia- 
tion patterns. Considering that the book 
is essentially about water and tropical 
agriculture, it is a pity that there is not 
a really substantial section on the prob- 
lems of drought and desertification in 
the tropics. Both problems have 
assumed some importance in recent 
years, especially as there are sugges- 
tions that there is a feedback mechan- 
ism between desert formation by over- 
grazing, and decreasing rainfall. 

The main strength of this book lies in 
its discussion of tropical precipitation; 
here it fills a gap in the available litera- 
ture on this subject. The book is well 
produced and well illustrated, and 
includes an extensive list of references. 
It should prove invaluable to specialists 
concerned with tropical water 
resources, and also provide useful 
reading for students of the agriculture, 
climatology or geography of the tropics. 

J. G. Lockwood 





J. G. Lockwood is Senior Lecturer in the 
School of Geography at the University of 
Leeds, UK. 
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` Destination without route-map 


NOSTALGIA, as more than one wag has said, is not what 
it used to be. Nor, according to Denis Hayes, is the 
future. The entire world, he argues in his Worldwatch 
Institute book Rays of Hope (published this week in 
the United States*), stands at the edge of an “awesome 
discontinuity” in its production and use of energy— 
hence the book’s subtitle, ‘The transition to a post- 
petroleum world’. In trying to anticipate what that 
world could look like, it is undoubtedly an important 
sketch of a growingly complex picture; its flaw, if that 
is what it is, is that it ignores how the disputed views 
of the final canvas are to be reconciled and 
implemented. 

Firmly in the now well-established tradition of World- 
watch publications, the lucidly written and remarkably 
broad-ranging exposition is a valuable synthesis of exist- 
ing work, here in the burgeoning field of energy—indeed, 
it is a synthesis of a synthesis, incorporating Hayes’ 
already-published arguments on conservation, nuclear 
power and solar energy. Designed also to influence as 
well as inform, it has a clear message to convey: the 
three energy sources on which to build a self-sustaining 
post-petroleum world, namely coal, nuclear and solar, 
have narrowed to just one—the sun; the technology is 
already available, now is the time to move. 

Part of the argument is familiar enough. The fossil 
fuels outlook is discouraging: without a change, the 
current generation will consume most of the oil and 
gas. Resource, environmental and climatic constraints 
make coal just a transitional fuel. The nuclear outlook is 
even less encouraging: the threats of proliferation and 
terrorism come on top of problems of radiation, waste, 
uranium resources, breeders and safety. With fusion’s 
promise weak, that leaves the safe sustainable sources— 
the sun, wind, water and ‘plant power’—and a crying 
need for conservation. 

To see it simply as a ‘pro-solar’ or as an ‘anti- 
nuclear’ book would be a mistake, however, though it is 
this almost to a fault and as convincing as anything that 
has taken the opposite point of view. The book’s 
relentless onslaught on the wasteful use of energy, 
specifically in food production, transport and construc- 
tion, together with its detailed technical picture of a 
more energy-efficient world is especially welcome. So too 
is its historical and global perspective, although parts 





*Denis Hayes, Rays of Hope: The Transition to a Post-Petroleum 
World (W. W. Norton, September 1977) $3.95 


are plainly pitched to a US audience. 

Where the argument is different, but also troubled, is 
in the character of its advocacy. Worldwatch’s president, 
Lester Brown, says in a foreword that the question is 
not whether or not we make the transition, but whether 
it will be smooth or chaotic. Unfortunately Hayes seems 
to believe it is better to arrive than to travel, for he is 
as short and unenlightening on how politically to secure 
his alternative as he is long and rewarding on what, in 
energy terms, the world ought to look like under it, 

On a subject this controversial, this is a rather 
glaring omission. To consider global energy problems 
without considering the global political economy is like 
scaling a mountain without allowing for the weather. 
But few books go even as far as Hayes does. It also 
remains unfortunately true that people let the un- 
predictability of the weather mask their appreciation of 
mountains, and he has undoubtedly taken account of 
this. Yet in a book whose underlying theme is world-wide 
change, questions are bound to go begging when the tech- 
nical changes are teased out while the concomitant social 
changes are not. And that is exactly what happens. 

We are told—but only told—of the ‘weighty’ deple- 
tion issue, which focuses on the discount rates that the 
markets and the politicians apply to, say, a future 
barrel of oil. We are told of the highly centralised 
technocratic and atthoritarian societies that nuclear 
power fosters. We are also told that there is neither a 
‘quick fix’ nor a deus ex machina, that the coming tran- 
sition is unlikely to be smooth and painless, that there 
will be opposition. And we are told that the issues are 
not scientific and technical, but social, political and 
philosophical—that redistributions of land and of wealth 
must be enormous, both within and between countries. 

This too will demand some authoritarian action, for, 
historically speaking, a more explosive political issue is 
difficult to find. But for Hayes it must be the subject of 
another book. So we are left with rays of hope instead 
of straws, and an argument for a least bad option. It is 
a pity. Perhaps, as he intimates, civilised societies must 
discover their own solutions and carve out their own 
paths. But in an interdependent and competitive world, 
events look more and more like intervening to do their 
own damage. This book was needed five years ago. Even 
with it, people will regret not being institutionally pre- 


pared as well as technically competent to survive the 


impending threat of holocaust. 
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A good time to raise standards 


EvERY year we scan the statistics of The Universities 
Central Council on Admission (UCCA) for trends, and 
occasionally we get rapped over the knuckles for misinter- 
pretation. This year’s figures, just out, offer the usual happy 
hunting ground. 

The statistics, as always a year late, refer to those who 
applied during the year 1975-76, generally for entry in 
October 1976. They show applications up again to around 
142,000. Overseas candidates, particularly from the 
Commonwealth, continue to grow in number more rapidly 
than home candidates—in 1976 they accounted for one in 
seven of all applicants. Places were found for 74,000 
applicants; the figure for total applicants, which is always 
about twice the number accepted, includes a large number 
who subsequently fail to gain adequate school qualifications, 
who withdraw, who are applying for the second time and 
so on. So it must not be inferred that there is a genuine 
shortage of places. 

Engineering continues its run of popularity (which started 
well before the recent governmental campaign). Pro- 
jections to 1977 suggest there are now at least 40% more 
applying for engineering than in 1972. And even mathe- 
matics, physics and chemistry-~which lost popularity until 
1975—-may now be sharing again in the general rise in 
applications. 


Simple head-counting, however, conceals some striking 
variations in quality. The relative paucity of candidates in 
mathematics, physics and chemistry does not seem to have 
led to a diminished standard in those accepted—at least 
as far as paper qualifications go. Indeed the school per- 
formances of accepted physicists rival those of accepted 
medical students—the latter a category in which univer- 
sities can be very selective. Good scientists still seem to be 
coming forward. The position is somewhat different in 
engineering. Rising quality has not gone along with rising 
numbers, which may mean that schools have been urging 
more of their modestly accomplished pupils to consider 
engineering. 

It is against this background that one must consider the 
suggestion made in the report that universities may soon 
have to allocate further resources to alleviate the ‘critical 
situation’ which seems to be developing in engineering 
places. Only two or three years ago, of course, we were 
being told by the engineers of half-empty departments: it 
is hard to believe the turn-around has been that dramatic. 
But maybe the universities, rather than create more spaces, 
should become more selective as time goes on, in the hope 
of creating a genuine impression amongst students not just 
that the country welcomes engineers, but that standards in 
engineering are high. O 


Research funding: the new trichotomy 





William S. Hillman comments on the relevance of the 
dichotomy of ‘pure’ and ‘applied’ science 





Tue dichotomy contrasting ‘basic’ and ‘applied’ research 
is still commonplace in discussions on funding. Such dis- 
cussions often conclude that one mode is over-supported at 
the expense of the other. Yet on most reasonable definitions 
of the two, history suggests that neither prospers alone. The 
old dichotomy is at best misleading, and distracts attention 
from a more immediately dangerous aspect of current 
policies. That aspect invites analysis by trichotomy, if you 
will excuse such language. 

Strictly speaking, nothing in the current situation is 
entirely new. Reasonably enough, the patrons of science 
have always wanted useful results, quickly if possible. But 
the main dispenser of patronage now is government, with 
its self-justifying administrative hierarchies, and it has 
finally become clear that the taxpayers’ resources are finite. 
In addition, occasional spectacular successes, such as moon 
landings, have been inappropriately but invidiously con- 
trasted with (for example) the ‘failure’ of NIH research to 
abolish cancer. Recent versions of the king’s desire for the 
alchemists’ gold have thus split research into at least three 
recognisable types: real, imitation (or administrative) and 
defensive. The terms are not quite self-explanatory, but they 
correspond roughly to real gold, fool’s gold and the elusive 
quicksilver. 

Real research is originated, organised and carried out by 
investigators who understand the field in question. It is 
aimed at problems which in the view of those investigators 
are both important and reasonably likely to reward the 
effort with some return in understanding, control or both. 
The ‘applied /basic’ dichotomy is meaningless here. A salient 
characteristic of real research is that it engages the best 
judgment of capable scientists. The subjective elements in 
this description (who is ‘capable’?) do not obscure the dis- 
tinction between it and the second category. 


Imitation research, in contrast, starts with the belief that, 
because science has proved useful in the past, scientists 
should be able to do anything, right now, given the funds, 
proper organisation and (most important) what sports 
writers call desire. This is all regardless of whether the 
necessary concepts, techniques and people actually exist. 
The primary motive for organising imitation research is 
neither controlling nor understanding nature, but pleasing 
one’s superiors, That those superiors should know little 
about the opportunities and limitations in specialised fields is 
inevitable, but many organisers of imitation research 
either share that ignorance or are simply cynical. Hence 
manifold reports, detailed timetables and complex flow 
charts are prominent features of the game, leading naturally 
to the synonym ‘administrative research’. The overriding 
rule is that the players must avoid being corrupted by 
luxuries such as intellectual rigour, imagination and 
patience; to that end, frequent exercises in relevance, inter- 
disciplinary communications modalities and urgency are 
scheduled. 

What, finally, is defensive research? The notion is 
analogous to that of defensive driving in that both recognise 
the hazards of assuming people will behave sensibly; or to 
the developing style of defensive medicine, in which pro- 
cedures that are legal safeguards for the physician may be 
wasteful for both the patient and society. Defensive 
research, in short, is what so many scientists must do who 
would prefer to be doing real research but lack private 
incomes. The result is that a core of real research becomes 
surrounded with a set of possibly quite worthless elements 
designed to impress those who want the gaudy imitation 
rather than await the real thing. 

There is no space here for examples, but few readers will 
need them. Very likely some policy-makers, here and there, 
in one agency or another, will indignantly deny any knowl- 
edge of imitation or defensive research. But they are easily 
answered with a paraphrase of the ancient epitaph: if you 
need examples, look around you. 
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From détente to development 


Eric Burhop reports on the discussion 
between scientists at the 27th Pugwash Conference 


TTENDANCE at the 27th Pug- 

wash Conference, held in Munich 
on 24-29 August, was as always on an 
individual basis, facilitating the frank 
and uninhibited exchanges between 
scientists of very different back- 
grounds that has always been a feature 
of Pugwash. Two hundred and sixty 
participants from 54 countries met to 
discuss problems of universal concern: 
détente, human rights, energy and 
development. About 50 of them came 
from countries of the Third World. 
Those not attending on an individual 
basis included 18 observers represent- 
ing governmental international organi- 
sations. 

In his address to the opening session, 
Herr Matthéfer, Minister of Research 
and Technology of the Federal 
German Republic, remarked “Today 
Pugwash is a very familiar name, 
indeed a symbol of the responsible 
active efforts of scientists from all over 
the world to help solve the major 
world-wide tasks of humanity across 
political and ideological barriers’. 

For those who may not be so 
familiar with the history, Pugwash is 
the name of a small Nova Scotian 
village, birthplace of the Cleveland, 
Ohio, industrial magnate, Cyrus Eaton, 
who financed the first of these con- 
ferences held there in July 1957. The 
call for the holding of such a con- 
ference came in a remarkable state- 
ment drafted by Bertrand Russell in 
his incomparably clear and compelling 


language and beginning: “In the 
tragic situation which confronts 
humanity, we feel that scientists 
should assemble in conference to 


discuss the perils that have arisen as 








Eric Burhop is Professor of Physics at 
University College, London, and President 
of the World Federation of Scientific 
Workers. 





Russell at the 1955 press conference 


a result of the development of weapons 
of mass destruction. . .”. *The state- 
ment goes on to spell out to the world 
the grave and immediate dangers to 
the whole of humanity implicit in the 
development of the hydrogen bomb. It 
was signed by Einstein only two days 
before his death in May 1955 and by 
nine other eminent scientists from six 
countries. The Russell—Einstein Mani- 
fešto, as it has come to be known, was 
presented to the world at a press con- 
ference presided over by Joseph 
Rotblat and held in Caxton Hall, 
London, in July 1955. 


Two roles 

There have always been two concep- 
tions of the aims of the Pugwash 
Conferences. The  Russell—Einstein 
Manifesto looked to them to rouse 
public opinion to the dangers of the 
development of nuclear weapons by 
issuing statements which, coming from 
scientists of such eminence and in- 
tegrity, could be ignored neither by 
peoples nor by governments. The other 
concept of the role of Pugwash as 
providing facilities for private dis- 
cussions between the very experts from 
NATO and Warsaw Pact countries 
who were advising their governments 
on problems of weapons development 
and disarmament, was especially 
associated with the thinking of Leo 
Szilard. 

Both Pugwash roles have had an 
important effect on relations between 
the two power blocs in the past. The 
mutual understanding of each other’s 
thinking has made remote the possi- 
bility of stumbling into nuclear war by 
accident, through, for example, wrong 
interpretation of observations on a 
radar screen. Pugwash Conferences 
have been credited with playing a signi- 
ficant role in achieving the Partial Test 
Ban and Non-Proliferation Treaties 
and in the development of the theory 
of deterrence with its strange array of 
concepts such as first and second strike 
capability, mutually assured destruc- 
tion and all the rest. 

The general conferences are held 





*It is not widely known that originally 
Russell was himself sceptical about calling 
a conference. He envisaged simply the 
issuing of a statement. The proposal to 
add the call to scientists to meet in con- 
ference was made by Frédéric Joliot-Curie 
on behalf of the World Federation of 
Scientific Workers, of which he was 
President, in a letter to Russell in January 
1955. The writer acted as go-between in 
the negotiations between Russell and 
Joliot-Curie. 
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every year, the participants from 
each country or region being selected 
by local Pugwash groups. Every fifth 
year the whole Pugwash community, 
made up of every participant in 
previous Pugwash meetings, is eligible 
to attend. This quinquennial con- 
ference elects the principal officers 
and council of approximately 25 
persons that will direct the work 
for the following five years, assesses 
the work of the previous quinquen- 
nium and plans the future programme. 
The Munich Conference was a quin- 
quennial one, indeed the largest yet held. 

Customarily the conferences work 
mainly through working groups which 
deal with specific topics, preparing 
reports for plenary sessions in the con- 
cluding stages of the conference. At 
the Munich Conference there were 
eight such groups dealing with nuclear 
arms control and disarmament; arms 
control and disarmament in the non- 
nuclear realm; coexistence, détente 
and cooperation between nations and 
systems; security of developing nations; 
development problems of the economi- 
cally poor nations; energy, world 
resources and population trends; 
environmental hazards of global con- 
cern; science, scientists and society. 

The prevailing judgment of the first 
working group was that the SALT 
talks are not progressing fast enough 
to prevent advances in military tech- 
nology which negate the effect of 
agreements, based on SALT, already 
reached. The time for stopping the 
arms race is running out. There were 
powerful pleas to examine again basic 
concepts such as that of deterrence 
which can at best provide a breathing 
space. Pugwash should take the lead 
in pressing for a start on real dis- 
armament and not restrict its approach 
to arms control measures. 

Almost unanimous concern was ex- 
pressed by several groups about 
President Carter’s decision to go ahead 
with the development of the neutron 
bomb. The idea of a weapon specifi- 
cally designed to kill people while pre- 
serving property largely intact has 
caused a wave of revulsion and it was 
suggested that Pugwash could recap- 
ture some of its old sense of urgency 
in an appeal to public opinion on 
issues such as this and on the reported 
development of a nuclear capability by 
South Africa. 


Public statement 

It is the practice of Pugwash that 
its conferences, symposia, workshops, 
etc, issue reports of discussions and 
recommendations for the benefit of 
Pugwash members but public state- 
ments formulating specific policies on 
such matters can come only from 
Council. (See box for the statement 
issued by Council on these questions, 
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reflecting the discussions at the 
Munich Pugwash Conference.) 

The discussions on détente predict- 
ably led on to problems of human 
rights in an atmosphere largely free of 
acrimonious interchange of charge and 
countercharge. Appalling departures 
from acceptable standards are reported 
from many countries while no country 
seems faultless. However, the approach 
to human rights problems should be 
guided by how to help the victims. 
They have been used all too often for 
propaganda purposes or even to 
attempt to destabilise governments. 
Discussions on human rights issues 
tend to be simplistic, the fact that 
human rights cannot be separated from 
human responsibilities being forgotten. 
Nor can the question be adequately 
discussed in isolation from its social 
and political framework. 

The question of energy supplies 
practically dominated the discussions 
on world resources. There was general 
agreement that ultimately energy 
needs must be met from solar, wind, 
geothermal and safe nuclear fusion 
power but no consensus about how we 
are to get through the next 40 or 50 
years. There was some but not much 
enthusiasm for the fast breeder solu- 
tion and a feeling that there was still 
some time available before committing 
us to a full programme of fast breeder 
reactor development. If a determined 
programme of energy saving were 
coupled with control of population 
growth, one could realistically aim for 


a Situation.in which, by the year 2020, 
the world population would not rise 
above 6.7 10° with an average energy 
use of SkWt (kilowatts-thermal)—8.0 
kWt (rich nations), 3.2kWt (poor 
nations)}—within a global rate of 
energy use of only four times that of 
today. It is believed such a level of 
demand could be met without intro- 
ducing breeder technology. 


North-South divisions 

The problems of development loomed 
large in the conference discussions. 
Indeed, any differences in the con- 
ference were far more between North 
and South than between socialist and 
non-socialist countries. Many delegates 
from the Third World do indeed feel 
that their problems are inadequately 
dealt with by Pugwash and stress that 
problems arising from the policies of 
the industrialised countries relative to 
the Third World, the role of multi- 
national companies, and also to a lesser 
extent contradictions between Third 
World countries themselves may re- 
present the most serious threat to 
peace. On the other hand, some 
participants looked back somewhat 
nostalgically to the early Pugwash 
Conferences when participants were all 
more or less expert in some aspect of 
the field of nuclear weapons and it was 
possible to issue sharp, incisive state- 
ments in this field, carrying great 
weight. A few felt that there would be 
a case for two separate types of Pug- 
wash Conferences, one specifically de- 


Declaration by the Pugwash Council 


In the light of discussions at the 27th 
Pugwash Conference on Science and 
World Affairs, the Council of the Pug- 
wash Movement feels impelled to issue 
the following declaration: 


The world is poised for a new, more in- 
tensive and more dangerous round of the 
arms race. Three features of the world 
scene account for our sense of height- 
ened urgency and danger: 


New weapons of mass destruction. The 
neutron bomb is proposed for develop- 
ment in the heart of Europe. It is some- 
times called a ‘clean’ or damage-free 
bomb. On the contrary, both its lethal 
radiation effects and the short and long- 
term biological damage it would cause 
are substantially greater than for existing 
nuclear weapons of comparable size. 
There would be strong induced radio- 
activity from neutron capture in the soil. 
Because of its relatively small size, it 
would narrow the distinction between 
conventional and nuclear weapons and 
thereby make the use of nuclear weapons 
more likely, 

But the neutron bomb is only one ex- 
ample of new types of weapons now 
coming into military arsenals: cruise 
missiles, mobile ballistic missiles, and 


others. These are often provocative and 
thus destabilising. Their deployment is 
not verifiable with national means, and 
thus frustrate efforts at control. And the 
number of nuclear warheads continues to 
mount. The deployment of all these new 
weapons must be stopped. 


Proliferation. There was serious concern 
at the conference over reports of an 
imminent nuclear-weapons test in South 
Africa. This concern was not allayed by 
the assurances by the South African 
Government that it has no intention do 
do so. The acquisition of nuclear wea- 
pons by South Africa would be a grave 
peril to the peoples of Southern Africa 
and the rest of the world. Developments 
there must be kept under intense con- 
tinuing surveillance. Any collaboration 
with South Africa in the nuclear weapon 
field—whether on the governmental, 
commercial or scientific level—must stop. 
The United Nations should be urged to 
apply effective sanctions should South 
Africa be proven to be developing 
nuclear weapons. 

But South Africa represents only the 
most urgent and immediate occasion for 
concern, At various points around the 
globe there have been, from time to 
time, disturbing reports of states seeking 
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voted to disarmament and the other to 
Third World problems. This would 
surely be a retrograde step and could 
only sharpen North-South divisions 
and the overwhelming view was in 
favour of continuing as at present. 

Pugwash has developed a certain 
mystique and influence of its own. 
Some may think it elitist and self- 
perpetuating; some may chafe at the 
confidentiality of the discussions, which 
is an essential feature of the whole 
Pugwash concept, but it seems that 
Pugwash is a powerful force for peace 
and understanding between nations. 
Thanks to a band of devoted scientists, 
too numerous to mention but from 
whom at the present time could be 
singled out Joseph Rotblat, Bernard 
Feld, Martin Kaplan, Moishe Markov 
and Dorothy Hodgkin, the ideas of 
Russell and Einstein have remained 
alive and the Pugwash movement has 
become a living movement with its 
members showing a genuine sense of 
loyalty to these ideas and of belonging 
to the movement. 

Of the tasks ahead special emphasis 
should be placed on the participation 
of Pugwash in two vital UN meetings; 
the Special Session of the UN General 
Assembly on Disarmament in the 
spring of 1978, and the UN Con- 
ference on Science and Technology 
for Development in the summer of 
1979. In both these areas the world 
community has grievously failed in the 
past. Here is perhaps an opportunity 
for a new beginning. 


nuclear weapons. We unequivocally con- 
demn moves towards further nuclear 
weapon proliferation. 


The failure of arms control. In spite of 
endless efforts, progress towards limiting 
armaments and stopping the arms race 
has been all but invisible. Everywhere 
there is a new sense of impasse. And 
this is particularly ominous in the SALT 
and MBFR negotiations. There is no 
military reason for their failure to make 
progress. No nation’s security would be 
endangered, indeed it would be en- 
hanced, by much lower levels of 
armaments. The obstacles are political 
and it requires only political will and 
political decisions to overcome them. 


@ We call on the heads of concerned 
governments and states all over the 
world, particularly of the USA and 
USSR, to halt new weapons deployment 
and reverse the arms race. 


© We call on men and women every- 
where to redouble their efforts to make 
their governments understand and act in 
the face of our common peril. 

And we in Pugwash rededicate our- 
selves to the achievement of a world at 
peace. 
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Salvaged results 





Stuart Sharrock reports on some of the 
preliminary results from experiments 


aboard Geos 





At a champagne breakfast on 20 
April at Cape Canaveral, European 
Space Agency officials were gloomy. 
Instead of celebrating the successful 
launch of the Geos satellite they were 
contemplating the total failure of the 
whole mission. But within a few days 
the Geos ground control at Darmstadt 
had partially rescued the situation— 
although not in the planned geo- 
stationary orbit, the satellite would at 
least be spending some time in the 
right place. 

This would have been a hollow 
victory, however, if it had meant no 
scientific results, so the experimenters 
had to retrieve what they could. In 
Munich last week they met to discuss 
their preliminary findings. Although 
there are some problems, remarkably, 
there are already some interesting 
results. After only four months it is 
clear that much of the scientific pro- 
gramme is going to be a success. But 
the role of Geos as the reference space- 
craft of the International Magneto- 
spheric Study (IMS) cannot be 
restored and the success of the experi- 
ments makes it imperative that the 
second spacecraft should be launched 
into geostationary orbit in the near 
future. 

Geos was planned as the first geo- 
stationary satellite devoted solely to 
magnetospheric research. It followed 
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Geos orbits: planned and achieved 


the ATS series of satellites which con- 
firmed that a geostationary orbit was 
ideal for studying the magnetosphere. 
The intention was to launch Geos 1 
into geostationary orbit early in 1977; 
the second identical satellite, Geos 2, 
was to be launched into an elliptical 
geosynchronous orbit in December 
1979 by Ariane, ESA’s own launch 
vehicle now under development. The 
second mission, codenamed Geosari, 
was to be complementary to the first, 
providing a wider spatial coverage of 
the magnetosphere. The only changes 
to the second payload would be 
improvements to the experiments 
found necessary as a result of experi- 
ence gained during the first Geos 
mission. 

The attractiveness of Geos as a tool 
for investigating the mangetosphere is 
based on the uniqueness of its planned 
orbit and the sophistication of its 
payload. Its position was planned to 
lie on magnetic field lines connecting 
northern and southern auroral zones. 
In addition, its geostationary orbit 
would have allowed average conditions 
to be established, deviations from the 
average indicating temporal rather 
than spatial variations. As the near- 
earth environment is not static this 
discrimination is important, but it can 
only be fully achieved by simultaneous 
use of more than one satellite such as 
the pair of satellites of the ISEE 
mission due for launch in October. 

Although Geos has lost these 
advantages because it is not in geo- 
stationary orbit the possibilities opened 
up by the comprehensive nature of the 
experiment package still largely apply. 
It is still possible during part of Geos’ 
new orbit to make simultaneous 
measurements on waves and particles 
whilst monitoring the background 
electric and magnetic fields and plasma 
density. 

When the malfunctioning Delta 
launch vehicle failed to place Geos 
into the correct transfer orbit it was 
clear that injection into a geostationary 
orbit was not possible. ESA’s Space 
Operations Centre at Darmstadt how- 
ever managed to place it into a 12h 
elliptic orbit with an apogee of around 
7 earth radii using the apogee boost 
motor (see diagram). The orbit was 
chosen because the satellite is visible 
around apogee for about 10 hours per 
day from the ground receiving station 
near Darmstadt. 

Initially the local time of the apogee 
of the orbit was in the evening sector, 
but it gets progressively earlier, drifting 
at a rate of 1 hour every 17.5 days. It 
has just passed the earth-sun line and 
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will start to move into the night sector 
around Christmas. The aurora are 
much more active in the night sector 
and so any correlated measurements 
with rocket campaigns will have to 
wait until 1978. 

So far each experiment has been 
operated independently and there are 
still a few interference problems to be 
sorted out before the optimum mode 
of automatic operation of the experi- 
mental package will be known. But 
the initial data indicate that the Geos 
payload is sophisticated enough to 
provide reliable measurements of 
electric fields and plasma densities 
outside the plasmasphere. AH data 
obtained so far are from the afternoon 
sector of the magnetosphere. 

In perhaps the most ambitious 
experiment on board, an electron beam 
is fired from the satellite perpendicular 
to the local magnetic field (determined 
by another Geos experiment). It is 
deflected by the geomagnetic field in 
a circular path of several kilo- 
metres radius to return to the satellite 
close to its source. The distance 
between the source and the point of 
return depends on the electric field 
and the gradient of the magnetic field; 
the two contributions can be sorted 
out by varying the energy of the 
emitted electrons and the plasma drift 
velocity and direction can be deter- 
mined. This is difficult to verify on 
earth as a vacuum chamber a few 
kilometres long would be required in 
a magnetic field of less than 1007. 
Unfortunately after about one week 
of operation the oxide cathode of the 
electron gun became poisoned but, 
even with only a few days data, the 
viability of the method was proved. 

Another experiment measuring 
electric fields—in line with the Geos 
philosophy of providing redundant 
measurements of important parameters 
—has also been successful and interest- 
ing slow fluctuations have been seen 
which have yet to be correlated with 
data from the ULF wave experiment. 
The electrostatic wave experiment has 
been able to detect electrostatic waves 
with the help of information on the 
plasma frequency provided by an 
exploratory experiment using the first 
relaxation sounder to be launched 
above the ionosphere. 

A variety of electromagnetic wave 
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phenomena have been observed, and 
some have been related with measure- 
ments at ground stations. It will be 
interesting to correlate these results 
with those from the various particle 
experiments but there are still some 
problems. Confusion over the number 
density and temperature of the plasma, 
however, may well be resolved by a 
determination of the energy spectrum 
of the various particles, but it needs 
further investigation of the contribution 
of the observed photoelectron cloud 
from the satellite itself and of the 
effects of spacecraft changing. These 
problems may be solved later in the 
year when Geos goes into eclipse. 
Some experimenters have been 
unable so far to completely understand 
their results through the lack of 
reliable attitude data necessary to sort 
out spin modulation effects. But it 
should be only a matter of time before 


the relevant analysis programs are 
fully working. 
The experiments measuring high 


energy particles are least affected by 
these problems. Preliminary results 
from a sophisticated mass spectro- 
meter for measuring ion composition, 
indicate the presence of the doubly 
charged ions ‘He*’ and O** deep in 


the magnetosphere. The new orbit of 
Geos is almost a bonus in this case 
because ion compositions can be 
measured as a function of distance 
from the earth. Another unexpected 
bonus of the new orbit is the fact that 
Geos now spends considerable time 
near the geostationary satellite ATS-6. 
Earlier attempts to persuade NASA to 
drift ATS-6 past the planned geo- 
stationary position of Geos were 
unsuccessful but now the possibility of 
correlated measurements with similar 
instruments on the two satellites has 
become a reality. 

The progress that has been made in 
such a short time after the disappoint- 
ment of the failed launch is impressive 
and prospects for the future look 
bright. But most of the Geos pro- 
gramme in which coordinated measure- 
ments were planned with ground-based 
campaigns has had to be abandoned. 
Indeed the rocket campaigns from 
northern Sweden have been persistently 
plagued with bad luck. The rockets are 
supposed to pass through the transient 
auroral arcs and correlate their 
measurements with satellites poised at 
magnetically conjugate points above 
the equator. On the first launch ATS-6 
was in position but the rocket exploded. 
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Geos should have been in position for 
the second rocket but delays had 
pushed back the Geos launch date and 
it was still on the ground. ATS-6 had 
meanwhile moved on. These difficulties 
are increased by the refusal of Norway 
to allow the rockets to overfly their 
territory and the consequently re- 
stricted rocket range makes it very 
difficult to hit the aurora. There are 
two rockets planned for 1978 and the 
rocket team hope their luck will change 
and that the second Geos spacecraft 
will have been launched into geo- 
stationary orbit. 

Geos 2 has already been refurbished 
and will be of flight standard by the 
end of the year. It can either be 
launched into geostationary orbit by 
NASA early in 1978 using another 
Delta launcher, or it could wait until 
late 1979 to be sent up on ESA’s own 
launcher Ariane. An early reflight on a 
Delta is what the experimenters want— 
from the way they have evaluated their 
data in such a short time they have in 
a sense earned it--and from some 
view points this appears the most likely 
option, but the extra cost to ESA will 
be about $14 million and it is unclear 
where this will come from. ESA is 
expected to decide early in October. O 
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Opening a biological pathway 





The signing of the Panama Canal 
Treaty last week has implications jor 
the ecology of the Atlantic and Pacific 
Oceans. Colin Norman reports 





AMID the diplomatic fanrare and loud 
political protest which greeted the 
signing last week of the Panama Canal 
Treaty, muted rumblings of a scientific 
controversy were also faintly audible. 
The controversy centres on a little- 
noticed article in the Treaty commit- 
ting the United States and Panama to 
conduct a joint study of the feasibility 
of building a sea-level canal within a 
few miles of the existing waterway. 

The idea of carving out a direct, sea- 
level link between the Pacific and 
Atlantic Oceans has been investigated 
many times in the past, but political, 
economic and technical problems have 
so far kept it from becoming a reality. 
In fact, in spite of the renewed official 
interest in the idea, it is still considered 
unlikely that the channel will ever be 
dug. Nevertheless, the possibility is 
worrying some marine scientists, who 
fear that a sea-level canal would 
damage the ecology of the surrounding 
oceans. 

The worry stems from the fact that 


the tropical Pacific and Atlantic Oceans 
have been separated for perhaps five 
million years, since North and south 
America were joined by the isthmus or 
Panama. Consequently, marine life has 
evolved independently in the two 
oceans for long enough to ensure that 
few species are common to both. Blast- 
ing a sea-level link across Panama 
would open a biological pathway which 
may result in the migration of plants 
and animals into a new environment, a 
process which some marine scientists 
believe could have considerable impact 
on the oceans’ ecology. 

Very little migration takes place 
through the present canal because a 
freshwater lake in the middle of the 
waterway provides a barrier to most 
marine life, and the large number of 
locks along the canal means that there 
is littl flow of water through the 
system. A sea-level canal would, how- 
ever, be an entirely different prospect. 
Tidal ebb and flow through the canal, 
coupled with the fact that the average 
sea level on the Pacific side is slightly 
higher than that on the Atlantic side, 
could result in the transport of plants, 
animals, larvae and other organisms 
through the channel. 

Among the more dramatic con- 
sequences that have been predicted as 


a result of breaching the land barrier 
are the possibility that the yellow- 
bellied sea snake, a poisonous reptile 
which now lives only in the Pacific 
water, could become established in the 
Caribbean, and that the crown-of- 
thorns starfish might similarly invade 
the tropical Atlantic coral reefs. Other 
potential worries are that fish travelling 
through the canal might carry patho- 
gens or viruses which are not known 
to native species. The central problem 
in such interchange is that the intro- 
duction of flora or fauna into a new 
environment might upset the ecological 
balance because there may be no 
natural predators and native species 
may not have evolved an effective 
defence mechanism against the new- 
comers. 

Such possibilities are, of course, 
highly speculative, and some marine 
biologists contend that it is very un- 
likely that major environmental damage 
would result from opening a sea level 
channel. Nevertheless, there are several 
sobering examples of previous experi- 
ence with the introduction of animals 
and plants into a new environment. For 
example, the building of a canal to by- 
pass the Niagara Falls, providing a 
channel joining the Great Lakes to the 
Atlantic, has resulted in invasion of the 
lakes by a predatory fish-like creature 
called the sea lamprey. The lamprey 
has spread throughout he Great Lakes, 
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and decimated native species. Similarly, 
the introduction of the European 
rabbit into Australia and New Zealand 
was followed by a population explosion 
which caused serious damage to vegeta- 
tion and topsoil. 

Such concerns were given wide 
publicity in the late 1960s, when the 
sea-level canal last came under serious 
study. A Presidential Commission, 
established in 1964, conducted a major 
feasibility study of such a canal, exam- 
ining potential routes, engineering 
problems and the possibility of using 
nuclear explosives to blast out a chan- 
nel. In 1970, the Commission recom- 
mended that the project should go 
ahead, along a route about 10 miles 
west of the present canal. Excavation 
should be by conventional means, the 
Commission said, and it calculated that 
the effort would cost about $2,900 
million in 1970 dollars. 

Because of the high price tag, and in 
view of political problems in re-nego- 
tiating the existing Panama Canal 
Treaty, the Commission’s recommend- 
ations were never implemented, and the 
whole idea swiftly dropped out of the 
limelight. It is, in fact, something of 
a surprise that the idea has been resur- 
rected in the new canal treaty. 

As part of the Commission’s study, 
the National Academy of Sciences and 
the Battelle Memorial Institute were 
asked to conduct independent analyses 
of the likely ecological impact of open- 
ing a sea-level link between the 
Pacific and the Atlantic. The 
Academy’s report, which was published 
as an appendix to the Official Com- 
mission Report, must rank as one of the 
most forthright statements of concern 
ever to emerge from that august insti- 
tution. Calling the sea level canal “a 
gigantic natural experiment” which will 
have ‘“‘unforseeable” consequences, the 
Academy called for a massive study of 
the tropical Pacific and Atlantic eco- 
systems before the project is allowed to 
go ahead. “Available information is 
altogether insufficient to allow reliable 
predictions of particular events result- 
ing from the excavation of a sea-level 
canal in Panama”, the Academy said. 

The Battelle report was, however, 
more sanguine about the impact, noting 
that although there is scant knowledge 
of the ecology of the region, there is 
“no firm evidence to support the pre- 
diction of massive migrations from one 
ocean to another, followed by the ex- 
tinction of thousands of species”. The 
Commission itself was even less im- 
pressed with the warnings of disaster. 
It devoted a mere four pages of its 
report to a discussion of environmental 
concerns and concluded that the 
hazards, whatever they may be, would 
be “acceptable”. 

The argument for building a sea-level 
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Miraflores locks, preventing flow between Atlantic and Pacific 


waterway is simply that the present 
canal is already heavily travelled and it 
is likely to reach its capacity in the 1990s. 
Moreover, its locks are too small to 
take the large freighters and super- 
tankers which are now appearing on 
the oceans. Such limits were, in fact, 
realised, back in the 1930s, when work 
was begun on the construction of a 
series of larger locks alongside the 
present canal, but construction was 
stopped during the war and it was never 
resumed. (The new Panama Canal 
Treaty in fact calls for a study of the 
feasibility of completing the construc- 
ion of the old locks as an alternative to 
building a new sea-level canal.) 

More recently, a new argument has 
appeared: a sea-level canal will be 
needed to transport Alaskan oil and gas 
to the east coast of the United States. 
According to this argument, which has 
been advanced most prominently by 
Senator Mike Gravel of Alaska, the 
cost of building a new canal (about 
$5,900 million at today’s prices, Gravel 
reckons), should be measured against 
the cost of building a new pipeline 
system to transport Alaskan oil and gas 
from the oil-rich west coast to markets 
in the east. Once all the advantages are 
counted up, Gravel reckons that the 
canal will seem like a bargain. He has 
stated that he will seek congressional 
approval for the 1970 report to be up- 





dated. 

In anticipation of such renewed 
interest, Dr Frank Press, President 
Carter’s Science Adviser last month 
asked the National Academy of 
Sciences to take a fresh look at its 
earlier report to the Commission to 
see whether recent scientific data are 
available to help predict more precisely 
the likely environmental consequences. 
Last week, the Academy Committee 
held two days of hearings and it is 
hoping to produce a report for Press 
by early October. Judging from last 
week’s meeting, the Committee is likely 
to conclude that although a good deal 
of work has been done, knowledge 
of the Panamanian ecology is still too 
sparse to predict with certainty the 
impact of breaching the land barrier 
between the tropical Pacific and 
Atlantic oceans. 

Asked last week when the joint US- 
Panama study envisaged in the treaty is 
expected to get under way, a State 
Department spokesman said that no 
details have yet been worked out. The 
first priority will be to steer the treaty 
itself through conservative shoals in 
the Senate. In view of the immense 
political problems involved in re- 
negotiating the treaty, the prospects for 
negotiating a new treaty to build a sea- 
level canal in Panama must, at this 
point, be considered remote. o 
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© Training enough highly qualified 
scientific manpower is a major 
problem of the Soviet economy. 
According to the current five-year 
plan, some 9.6 million new engineers, 
technologists, agronomists, doctors 
and other specialists will enter the 
labour pool by 1980, with increasing 
emphasis on graduates in molecular 


biology, environmental protection, 
atomic and electronic technology, 
electrical instrumentation, automa- 


tion, agriculture and forestry. To 
train them the Soviet Union now has 
859+ universities and other higher 
educational institutions, and 4,303 
technical colleges. The problem is not 
simply one of training, however: the 


proper deployment of scientific 
personnel is a constant topic of 
discussion. 


Current planning policy calls for 
closer integration of research in 
industry. One way to bring this about 
is to involve university students 
in projects with an immediate 
industrial application. Speaking at the 
opening of the new Grodno State 
University last month, S. M. Carnau. 
Minister of Education of the Bye- 
lorussian SSR, noted with approval 
the “widespread attraction of students 
of senior courses” towards choosing 
as their term or diploma project a 
specific contract for research from an 
industrial enterprise or organisation. 
This, he said, has considerably ex- 
tended the “geography” of application 
of young scientists’ talents. 

One potential source of close 
association between academic life and 
industrial needs would seem to be 
through the considerable numbers of 
external and evening students. In the 
present academic year, the ‘full-time’ 
university and technical college intake 
is estimated by Pravda as “more than 
a million”. If the demand for new 
scientific personnel during 1981-85 
equals or exceeds the 9.6 million of 
the current five-year plan (as all 
available figures indicate), and assum- 
ing a current annual university intake 
of 1.2 million, by the early 1980s 
almost one-third of the new graduates 
will come from external and evening 
courses. 

Unfortunately, these ‘part-time’ 
graduates do not necessarily return to 
industry. The current ‘press discus- 
sion’ of the new Draft Constitution 
recently included a long letter from 
a certain Senior Engineer A. Akimova 
from Khabarovsk, suggesting that 
‘part-time’ graduates should be com- 
pelled, by law, to return to their 
former ‘collective’. Ms Akimova 
complains that in spite of the self- 
sacrifice of their fellow-workers, who 


have to cover their duties when they 
are absent on paid leave taking 
examinations, and who “try to pro- 
vide the conditions of study” during 
work breaks, many young graduates 
“on receiving the diploma of a 


specialist, straight away try to find a 





more advantageous job”. Ms Aki- 
moya’s letter, like the majority of 
contributions to the ‘debate’, takes 
the form of a shop-floor proposal, but 
also like the majority of such letters, 
has wider implications than the com- 
plaint of a few disgruntled workers. It 
would clearly be to the advantage of 
the managers of industrial enter- 
prises if they could be sure that the 
promising young workers involved in 
part-time education would remain at 
the disposal of their own production 
team after graduation. instead of dis- 
appearing into the general scientific 
labour pool. 


@ This year marks the fortieth anni- 
versary of the first ‘North Pole’ 
drifting ice-floe station, in which a 
five-man team drifted for 274 days 
in the vicinity of the Pole. That 
expedition established a valuable 
research procedure which still con- 
tinues; this summer ‘North Pole’ 22 
and 23 continued the tradition. 

In comparison with these long- 
term voyages, the recent dash to the 
Pole by the ‘Arktika’ icebreaker 
appears to have had only a limited 
role in gathering meterological, geo- 
physical and oceanological data. The 
expedition was clearly considerably 
prestigious, and its heroes will doubt- 
less figure prominently in the forth- 
coming 60th Anniversary Celebrations 
of the October Revolution. But all in 
all, only 15h were spent at the Pole, 
which included time spent in cere- 
monial flag-hoisting, rocket-firing and 
holding hands round the pole. 

The main scientific value of the 
voyage would appear to relate to the 
design and performance of the 


‘Arktika’ herself. According to A. I. 
Fokin, Deputy Minister of the Ship- 
building Industry, 100 scientific 
research institutions were involved in 
the design of the ship and equipment. 
A new navigational procedure was 
tested—the use of helicopters instead 
of the traditional crows’-nest lookout, 
to locate the best route through the 
ice. It is claimed that as a result, 
speed increased 50-100% and the 
‘Arktika’ reached the Pole seven days 
ahead of schedule, even though the 
floes were at times 4m thick. A new 
and even more modern icebreaker, 
the ‘Sibir’, whose cabins will have 
independent suspension, obviating the 
effect of hull motion, will be com- 
pleted shortly. 

The northern sea route, between 
European Russia and the Soviet Far 
East is of considerable importance to 
Soviet economic planning. Comment- 
ing on the success of the ‘Arktika’, 
Timofei Guzhenko, the leader of the 
expedition and Minister of Merchant 
Marine remarked that the commercial 
use of the route is now a “real pos- 
sibility”. The immediate problem, he 
said, is to build ships capable of 
following the icebreakers through the 
paths they have cleared. 

Meanwhile, the world’s first 
research icebreaker, the ‘Academician 
Otto Shmidt’ is being built in Lenin- 
grad for the Institute of Arctic and 
Antarctic Research. The vessel will 
carry fourteen laboratories for ocean- 
ological, meteorological, hydrological, 
and ice research, a special unit for 
aqualung divers ‚and a computer for 
the on-board processing of research 
results. 


® Using ‘Pisces-7’ and ‘Pisces-11” self- 
propelled diving craft, a limnological 
expedition has succeeded in reaching 
the bottom of Lake Baikal, the biggest 
and deepest rift-trench in Asia. 
According to Evgenii Mirlin, leader 
of the expedition, the main purpose 
was to apply the techniques developed 
for ocean-bed research to a study of 
the lake bed. The programme 
includes underwater photography of 
geological formations, and a study of 
the unique flora and fauna of the lake. 
Even at the greatest depths, said 
Mirlin, shrimps, Baikal bullheads, and 
the small semitransparent Come- 
phorus baicalensis can be found. 
The team spoke highly of the 
‘Pisces’ craft, which, in addition to 
providing facilities for visual observa- 
tions and still and TV photography, 
have special mechanical arms for 
collecting geological samples and 
specimens of water. 
Vera Rich 
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A voice for geologists 


Geologists in Britain who have felt for 
some time that they should have a 
collective voice for the profession have 
just founded an Institution of Geo- 
logists. The institution will aim to 
advance the profession and practice of 
geology by ‘shaping opinion’ in various 
centres of power and taking an interest 
in matters of professional standards, 
education, remuneration and so on, 
There are about 4,000 geologists in 
Britain, and a quarter of them have 
taken an interest in the founding of 
the institution, 

The Geological Society of London, 
which will provide premises for the 
institution, was unable to perform these 
functions itself by virtue of being a 
learned society with charitable status. 
But in the long run many hope that the 
two bodies will operate jointly. 










































THe World Health Organisation 
(WHO) is rightly concerned with 
nutrition, and with the more efficient 
production and distribution of the 
earth’s resources. WHO has fortun- 
ately stopped putting forward absurd 
statements, such as the one that more 
than half the world’s population is 
starving, which damaged its earlier 
reputation. The situation in many 
countries is serious enough without 
dramatic exaggerations. Some millions 
of people die annually of starvation, 
and several hundreds of millions are 
underfed for at least a part of the 
year. 

Yet there is no need for this suffer- 
ing. The world produces more than 
enough for every member of its 
population to receive an adequate and 
healthy diet. If waste and greed could 
be abolished, there would already be 
enough to feed the extra three or 
four thousand million mouths 
expected by the year 2,000. People 
starve, or are underfed, because they 
are poor, and cannot compete in the 
world market with the consumers in 
rich countries. The most voracious 
and wasteful of these consumers are 
livestock, the battery hens, pigs in 
sweat houses and barley beef, which 
waste both calories and protein to add 
to the pleasure of western palates. 

The richer countries also have 
nutritional problems, but these arise 
from over and not under eating. 
When we hear that one of our 
friends is ‘on a diet? we immediately 
understand that he is trying to lose 
weight gained by previous over-indul- 
gence. Slimming is becoming big 
business. A substantial part of the 
food processing industry is making 


New line of questioning 


The case of the dissident Moscow 
mathematician, Anatolii Shcharanskii, 
who has been held incommunicado 
since his arrest last March has now 
taken an ominous turn; last week, his 
fellow refusnik Vladimir Lazaris was 
called to the Lefortovo prison to 
answer questions about Shcharanskii’s 
mental stability. Although Moscow 
activists feel it is too early to assess 
the significance of this new line of 
questioning, they feel that its proximity 
to the International Psychiatric Con- 
gress in Honolulu, at which the Soviet 
Union was censured for its use of 
psychiatric means of political repres- 
sion, should not be ignored. 


CFC policy 


The UK government’s policy not to 
ban the use of chlorofluorocarbons 


allegedly non-fattening products. 
Newspapers fill their columns with 
bizarre diets which are often so 
revolting that their victims will lose 
weight, Health farms charge over-fed 





Cuisine minceur 








KENNETH MELLANBY 





pop stars more than five star hotels 
for organised starvation. Even repu- 
table scientists explain how we may 
try to mislead our stomachs into 
believing that they have been gen- 
erously indulged on a minimum 
number of calories. 

A sophisticated attempt at making 
the best of both worlds—of gluttony 
and abstinence—is made by Michel 
Guérard in his new Cuisine minceur 
roughly translated as ‘Slimming 
cookery’. The author runs one of the 
best. and most expensive, restaurants 






(CFCs) in aerosols until much more 
research has been undertaken, is 
supported in a statement issued last 
week by the Clean Air Council, a 
statutory body set up to advice the 
Secretary of State for the Environment 
on air pollution. The Clean Air Council 
regards as tenuous the argument that 
CFCs lead to depletion of the ozone 
layer in the atmosphere allowing 
increased ultraviolet radiation to reach 
earth and possibly cause damage to 
health (for example, skin cancer). 

Since measurements began in the 
1920s, the amount of ozone has in fact 
increased by 5-10%. The statement 
points out that ‘natural’ variations 
are enormously greater than those so 
far calculated to be a result of the 
use of CFCs. While supporting further 
research on CFCs, the Council regards 
the moves in the USA to ban their use 
as “‘precipitate”’. 


in France. His book claims to be “an 
authoritative and authentic guide to 
a revolutionary new method which is 
sweeping the world of haute cuisine”. 
It contains some good recipes; I was 
glad to learn how to produce a 
delicious purée-mousse d'artichauts 
and use up the glut of globe arti- 
chokes, one of the few vegetables 
spared by the plague of rabbits in my 
Huntingdonshire garden. But the new 
method seems mainly to eschew the 
more calorific dishes, and to use 
sugar substitute and crème fraiche, a 
tiresome preparation containing but- 
termilk. In fact in her introduction, 
Shirley Conran gives the game away, 
pointing out that M. Guérard’s por- 
tions are small, for “if you eat large 
quantities of food, no matter what it 
is, you are not going to lose weight”. 
Surely it would be sensible to avoid 
ali this bother, and eat even smaller 
amounts of normal recipes. M. 
Guérard’s dishes taste even better 
when made with real cream. 

Clearly we should make the best of 
both worlds. If we in the West ate 
less we should be healthier, and there 
would be enough for the underfed 
nations; surely mankind is not too 
stupid to be unable to solve the 
economic difficulties. But we must 
learn that the only cure for over- 
eating is abstinence, not a fancy diet. 
Few are as naïve as the plump girl 
I heard lamenting her inability to eat 
enough starch-reduced bread, but the 
view that some foods encourage thin- 
ness is still widely held. High-protein 
diets are only slimming because they 
are so expensive. We should remember 
that the only sweetmeat with a truly 
non-fattening centre is the polo mint. 
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Roots of ‘enzyme’ 


Sir,—There can be no doubt 
Kiihne introduced the word Enzym, 
from which, of course, was formed 
its English equivalent. The reasons for 
his choice are discussed in at least two 
printed sources'’. But the actual con- 
struction of the word from Greek 
originals is less certain, in spite of 
some very definite statements in the 
literature. 

Bayliss gave a translation of the 
relevant passage of reference 2, in 
two slightly different versions in The 
Nature of Enzyme Action, page 11-12 
(Longmans, London 1925) and 
Principles of General Physiology 
(Longmans, London). The words con- 
cerned in the former are as follows 
“ . . . but it merely states that 
ev vun [in yeast] something occurs 
that exerts this or that activity, which 
is considered to belong to the class 
called fermentative’. Nothing could 
be clearer: rarely do we have as 
precise knowledge as this of the 
thought processes of an author. How- 
ever, Greek words do not occur in the 
original at all. They are an interpola- 
tion by the translator, whose immense 
authority and influence has led to 
almost universal acceptance of this 
version. The original runs at this point, 
“|. sondern nur gesagt, dass in der 
Zyme etwas vorkomme, das diese oder 
jene zu den fermentativen gerechnete 
Wirkung habe. . .”. 

Bayliss’s translation of this passage 
is, in other respects also, remarkably 
inaccurate. But unless there is con- 
crete evidence of Kiihne’s intentions 
we are reduced to considering proba- 
bilities, and this direct construction 
from ev évan still seems rather more 
likely than the alternative etymology 
put forward in The Oxford English 
Dictionary. According to this autho- 
rity, the word was formed on modern 
Greek ev€vyos, meaning ‘leavened’, 
or more specifically the leavened 
bread used in the Eucharist of the 
Greek Orthodox Church. The very 
word ‘enzyme’ was used in English in 
1850 in this sense. It seems unlikely 
that Kiihne would have had any 
knowledge of modern Greek and, if 
not, this derivation appears to be 
impossible, even though it preserves a 
connection with the primitive meaning 
of the word ‘ferment’ which Kühne 
was seeking to replace. 

As pointed out by 


that 


Plantefol, in 


Comptes Rendus de l'Académie des 
Sciences 226C, 1976, a compound 
had already been formed in Greek 
meaning ‘yeast in’ rather than ‘in 
yeast’, so that Kiihne’s probable 
sequence of thought was somewhat 
unfortunate. But even Plantefol seems 
unaware of Bayliss’s blunder. Plantefol 
also quite justly comments that 
‘enzyme’ has merely taken over the 
functions of the pre-existing word 
‘diastase’. (In neither case is the 
etymology of any relevance to modern 
ideas of the nature and function of 
the substances concerned), It seems 
regrettable, if irretrievable, that this 
usurpation should have occurred. 

Yours faithfully, 

r T. R. C. BOYDE 
Department of Biochemistry, 
University of Hong Kong, 

Hong Kong 


la Verhandlungen des Naturhistorisech—Medi- 
zinisch Vereins zu Heidelberg 1 Pp 190-3 (1877). 
Formally anonymous report of a conference 
speech by Kühne. Recently reprinted with 
reference lb in facsimile in FEBS Letters, 
supplement to 62 (1976). 

Ib Kühne, W. Verhandlungen des Naturhistorisch 

Medizinisch Vereins zu Heidelberg 1 Pp 

194-8 (1877). 

2 Kühne, W. Untersuchungen der physiologisches 
Institut der Universität Heidelberg 1 Pp 291-324 
(1878). 


Proton-electron mass ratio 


Sır, —Sirag (28 July, page 294) states 
that the proton-electron mass ratio is 
1836.109, and derives a combinatorial 
prediction of 1836 for this quantity. 
The most recent editions of the Review 
of Particle Properties give 1836.1514 = 
0.0073, some 21 standard deviations 
away. While the accepted value for the 
proton mass has changed significantly 
since about 1973, the value 1836 for 
the ratio m,/m» has been getting less 
and less plausible for at least the past 
15 years. 

The value 67° = 1836.1181 has been 
calculated, on very different grounds, 
to be this mass ratio (see Physics To- 
day, page 17-19, August, 1971, for dis- 
cussion). It is substantially closer to 
the most recent experimental value, 
but is still in disagreement by 4.6 
standard deviations. It is also perhaps 
worth drawing attention to the ap- 
parent tendency of stable hadrons (and 
the muon) to have masses which are 
integral multiples of 3m., the threefold 
electron mass. This has been discussed 
by R. Frosch in Lett. Nuovo Cim. 8, 
633 (1973), and at a meeting of the 


Swiss Physical Society, Geneva, 8-9 
October, 1976. 
Yours faithfully, 
Joun F. CRAWFORD 


SIN, Switzerland 


Was Darwin the Bellman 


Sir.—The uncanny resemblance of 
F. Waddy’s engraving of Darwin on the 
cover of 21 July to Henry Holliday’s 
picture of the Bellman in the 1876 
edition of The Hunting of the Snark by 
Lewis Carroll (Macmillan) (see below) 
and the 1962 edition of The Annotated 
Snark by Martin Gardner (Penguin 
Books), must have caused many to 
suspect that Darwin was the Bellman. 
This suspicion is confirmed by the two 
tufts (of hair?) at the foot of Waddy’s 
picture, strongly suggesting that 
Darwin, in 
“Supporting each man on the top of 
the tide 
By a finger entwined in his hair” 
had inadvertently scalped two of the 
crew. 

Was it really the Snark that the Bell- 
man was after in his voyages in H.M.S. 
Beagle (see pp28-31 and p52 footnote 
17 in The Annotated Snark)? 

Yours faithfully, 
H. J. A. DARTNALL 
MRC Vision Unit, University of 
Sussex, 
Brighton, UK 
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emission and absorption lines of the 
far ultraviolet region to be observed 
from the ground. But what would the 
spectrum of a quasar look like if it 
could be observed over a really wide 
range of (rest) wavelength, say from 
0.09 to I! um? At first sight one might 
think that this question can be 
answered by putting together the 
spectra of several quasars spanning the 
full range of observed redshifts, and 
indeed a good deal of useful work has 
been done along these lines leading in 
particular to the discovery that the 
Lyman-a emission line of hydrogen is 
not much stronger than the red Ha 
line although straightforward theories 
predict that it should be about an order 
of magnitude stronger. However, there 
are severe difficulties in piecing 
together the spectra of quasars with 
different redshifts because of the wide 
range in their intrinsic properties: thus 
(if one makes the most plausible 
assumption, that the redshifts are 
‘cosmological’, that is, symptomatic of 
great distances) the quasars that are 
actually observed generally become 
intrinsically more luminous at the 
higher redshifts, their brightnesses are 
subject to uncertain cosmological cor- 
rections and they are seen through 
increasing amounts -of intervening 
material in: intergalactic «space, and 
possibly in clusters of galaxies and 
even in galaxies. themselves. 
Consequently it has been clear for 
some time that observations of the 
ultraviolet spectra of ‘quasars would 
help to answer crucial questions con- 
cerning both the nature of quasars 
and the distribution of diffuse matter 
in the Universe. Furthermore, if 
‘standard candles’ can somehow be 
identified among quasars, then there is 
the possibility of using the enormous 
distances to which they can be seen 
to obtain really decisive results in 





B. E. J. Pagel is Professor of Astronomy 
at the University of Sussex, and is at the 
Royal Greenwich Observatory, Hailsham, 
Sussex. 


brightest one by far being 3C 273 with 
apparent magnitude 13 and redshift 
0.16) and have been beyond the range 
of past experiments with rockets and 
ultraviolet satellites, so. that the first 
results were expected to come from the 
next generation of space observatories 
using large reflectors, particularly the 
IUE (to be launched at the end of 
this year) and the NASA Space Tele- 
scope (planned for 1983). 

Some of the exciting results awaited 
from the next generation of space 
telescopes have now been anticipated, 
however, in a remarkable rocket 
experiment carried out by members -of 
the Physics Department of Johns 
Hopkins University (Davidsen, Hartig 
and Fastie, this issue of Nature, page 
203), in which a Faint Object Tele- 
scope (FOT) of 40cm diameter (the 
largest ever to be flown in a sounding 
rocket) with a concave grating giving 
a resolving power of about 150 was 
used to observe the spectrum of 3C 273 
between 1,080 and 1,465 A in its rest 
frame. 

Despite the limited resolution, 
Davidsen et al. have been able to draw 
a number of interesting conclusions 
from their spectrum of 3C 273. It 
shows Lyman-a and other strong 
emission lines seen in high redshift 
quasars and confirms the low ratio. of 
Lyman-a to Ha which may be due to 
dust in the line-emitting region or some 
other causes. The flux at the Lyman 
continuum limit (important as an input 
datum for photoionisation models of 
the line-emitting region) can be esti- 
mated from a small extrapolation of 
the observed continuum, and the 
absence of an absorption trough on the 
short side of Lyman-a enables the 
previous. very stringent limit on the 
abundance of neutral hydrogen in inter- 
galactic. space to be extended to 
recent cosmological epochs. 

A traditional preoccupation in extra- 
galactic astronomy is the determination 
of the deceleration parameter qo, the 
basis of the method being to plot the 
redshifts of ‘standard candles’ against 
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news and views 
Ultraviolet observation of a quasar spectrum 
from B. E.J. Pagel 
Quasars of high redshift permit cosmology. But quasars are faint (the their apparent brightness so that 


deceleration manifests itself as an 
upward curvature in the relation at the 
faint end. The favoured choice for 
standard candles is to use first-ranked 
elliptical galaxies in clusters, but these 
are restricted to redshifts less than 
about 0.5 and raise the problem of the 
effect on their luminosities of stellar 
evolution during the look-back time; 
so all that one can say with confidence 
from present data is that qo is fairly 
small, between ~1 and +1, say. 
Indirect arguments, based on the large 
cosmic abundance of deuterium, 
suggest that go is positive and under 
0.1, well below 0.5 which is the 
boundary between a ‘closed’ and ‘open’ 
Universe. 

Recent work on high redshift quasars 
has suggested that there may, in fact, 
be a method of finding standard 
candles among quasars, based on the 
equivalent width of Lyman-a, and 
perhaps one or two other emission 
lines, in those objects which are flat- 
spectrum radio sources. Since 3C 273 
is a member of this class, Davidsen 
et al. have been able to use their 
measurement of Lyman-a to tie it in 
to the system of standard candles based 
on objects with redshifts up to 3.39 
and thus to deduce that qo = 1 with an 
impressive internal precision, but with 
a possibility of systematic error which 
the authors are careful to point out. 
A further point that might be made is 
that the fact of their getting a reason- 
able value of go at all by this method 
is evidence in favour of the cosmo- 
logical interpretation of the redshift. 

Probably the most significant result 
of all in the Johns Hopkins experiment 
relates to the nature of the absorption 
lines seen in quasars of high redshift. 
These fall into two classes: lines seen 
close to (and usually on the blueward 
side of) the emission lines, which can 
be very broad and are almost certainly 
a ‘P Cygni’ effect of absorbing gas 
coming out from the quasar itself 
(Class D); and Class II absorption lines 
(including occasionally the 21-cm line 
of neutral hydrogen), seen at much 
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lower redshifts than the emission lines, 
which are narrow, are formed under 
low-excitation conditions and can exist 
in many different redsiift systems in 
the spectrum of one ject. The nature 
of the Class I absortion lines is highly 
controversial. Riva’ hypotheses state on 
the one hand at they are due to 
material eject’ from the quasar at 
speeds up te 0-6c; and on the other 
that they a due to diffuse interstellar 
useen intervening galaxies at 


as in € a 
De nor4al cosmological redshift. The 
secon’ hypothesis is favoured by the 


disteution statistics of number of 
gy ÄM in one object and by the 
pemblance between the absorption- 
ane spectra and that of the inter- 
stellar medium in our own neighbour- 
hood, but requires the extent of 
interstellar gas in at least some 
galaxies to be larger than expected. 
The presence or absence of Class H 
absorption lines (which are chiefly 


Cell transformation 


seen shortward of Lyman-a) in 3C 273 
provides a critical test between these 
two hypotheses, because 3C 273 is as 
luminous as at least one of the high 
redshift quasars in which several 
absorption-line systems are seen and 
is presumably very similar to them 
physically so that it is equally capable 
of expelling matter; but it is so near 
to us that the probability of an 
intervening galaxy being present is 
negligible. 

Although the spectral resolution of 
the experiment of Davidsen er al. is 
too low to detect individual absorption 
lines, the number of lines in high 
redshift objects is so great as to pro- 
duce a depression of about 30% in the 
continuum below Lyman-a, and this 
can still be easily detected at low reso- 
lution. The observed depression in 3C 
273 is only 246%, which provides an 
impressive argument in favour of the 
intervening-galaxy hypothesis. Ea 


with herpes simplex viruses 


from Franklin H. Portugal 


Herres simplex virus, one type of 
which causes cold sores and another 
genital tract infections, is receiving 
increasing attention as a model for 
understanding how virus expression 
leads to host cell transformation. In 
certain conditions infection of mam- 
malian cells with HSV leads to a non- 
productive infection in which only 
part of the viral genome is expressed. 
When mouse cells lacking the enzyme 
thymidine kinase are transformed by 
ultraviolet-irradiated HSV, the cells 
develop thymidine kinase activity 
which is coded by the virus and which 
can be distinguished from the host 
cell enzyme by various biochemical 
criteria. So far cells transformed in 
this way cannot be induced to release 
infectious virus, suggesting that a 
fragment of the viral genome, al- 
though unable to produce infectious 
virus, is able to maintain the virus- 
transformed phenotype. Nucleic acid 
hybridisation indicates that in mouse 
cells infected with irradiated HSV-1, 
either five copies of about 23% of the 
viral genome (Kraiselburd, Gage & 
Weissbach J. molec. Biol. 97, 533; 
1975) or four to six copies of a 10% 
fragment of the viral genome (Davis 
& Kingsbury J. Virol. 17, 788; 1976) 
are present. Hamster cells trans- 
formed by irradiated HSV-2 seem to 
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contain one to three copies of between 
8% and 32% of the viral genome 
(Frenkel et al. J. Virol. 18, 885; 1976). 
It is not yet known whether the viral 
genes become integrated into the host 
chromosome or remain in the cyto- 
plasm. 

Maitland and McDougall (Cell 11, 
233; 1977) now report that they have 
been able to transform mouse cells 
lacking thymidine kinase activity with 
DNA fragments produced from 
HSV-2 DNA either by specific cleav- 
age with restriction endonucleases or 
by mechanical shearing. The trans- 
formed cells were selected by their 
ability to grow in medium contain- 
ing hypoxanthine. aminopterin, and 
thymidine. which indicates the pre- 
sence of a thymidine kinase-positive 
cell. The cells contained the virus- 
induced enzyme as well as HSV- 
specific immunofluoresence. The 
DNA fragments produced by endo- 
nuclease cleavage can be located on 
a map of the HSV-2 genome and from 
this information. the thymidine 
kinase gene seems to be located in the 
long segment (L region) of the viral 
genome. Wigber et al. (Cell 11, 223; 
1977) report the transformation of 
thymidine kinase-negative mouse L 
cells with a Bamī endonuclease 
restriction fragment of HSV-1. Cells 
treated with Ecol restriction frag- 
ments were not transformed. Bacchetti 
and Graham (Pree. natn. Acad. Sci. 
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U.S.A. 74, 1590; 1977) also report that 
thymidine kinase-negative human cells 
can be transformed by mechanically 
sheared fragments of HSV-2 DNA. 
Several lines of transformed cells have 
been established that grow continually 
in the selection medium, express thy- 
midine kinase activity of viral origin, 
and differ in the stability of thymidine 
kinase expression. 


As well as thymidine kinase, 
a recent study suggests that a 
new species of another enzyme, 


deoxycytidine deaminase, is induced 
when mammalian cells are lytically 
infected with HSV-} (Chan Proc. 
natn. Acad. Sci. U.S.A. 74, 1734; 
1977). The results strongly suggest 
that this enzyme is also coded by the 
virus. This study is of particular 
importance because the induced 
enzyme may affect cytosine arabino- 
side, a drug commonly used to treat 
HSV infections, thus making it less 
effective. 

The fact that specific fragments of 
the HSV genome, coding for clearly 
defined biochemical functions, can 
transform mammalian cells suggests 
that the HSV system will become an 
increasingly important model for 
defining those genes required for 
both biochemical and morphological 
transformation. In addition, this 
system has already begun to provide 
evidence for the mechanisms that 
control the viral genome in mam- 
malian cells. This information will 
presumably be of use not only for 
specific chemotherapy of human HSV 
infections but also for understanding 
virus transformation in general, in- 
cluding oncogenic transformation. 
Furthermore, it may eventually 
become feasible to use the HSV model 
for DNA-mediated gene transfer 
between mammalian cells. o 


Electron storage 
rings as lasers 


from John Pendry 

A NEW mechanism for laser action has 
been demonstrated by a research group 
working at the Stanford linear acceler- 
ator (Deacon et al. Phys. Rev. Lett. 
36, 892; 1977). The device is built on 
the theory that an electron deflected by 
a magnetic field can emit stimulated as 
well as incoherent radiation. So far the 
device has worked in a pulsed mode 
extracting 7kW peak power of laser 
radiation from the kinetic energy of 
the electron beam. It appears that only 
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about 0.2% of the electron’s kinetic 
energy can be extracted in each pass 
through the magnets but it is planned 
to increase the efficiency by circulating 
the electrons in a storage ring, which 
should also raise the mean power avail- 
able. 

Conventional electron storage rings 
have a large amount of power pumped 
into them which is dissipated in the 
incoherent synchrotron radiation. Ulti- 
mately this new laser, fixed to a storage 
ring, could conceivably channel a sub- 
stantial fraction of the power into 
stimulated radiation making it avail- 
able as a well collimated beam of fixed 
wavelength. 

In a conventional laser transitions are 
stimulated between electronic states of 
atoms. The power ‘is limited by the 
pumping process for energising the 
atoms, and the frequency by availability 
of suitable electronic transitions. Only 
recently have continuously tunable 
lasers become available and the range 
of tuning is limited to typically less than 
1% of the operating wavelength. In the 
new process massive amounts of energy 
are available in the kinetic energy of 
the electron beam and the wavelength 
of radiation can be simply varied by a 
large factor. It is expected that lasing 
action can be observed at wavelengths 
varying from a few 100m down to 
0.1 em. 

The laser operates by passing the 
electron beam through a helical mag- 
netic field. If the spontaneous radiation 
is confined in a cavity, it can stimulate 
further radiation, the gain peaking at a 
wavelength 
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where A, is the period of the helix, B 
the magnetic field strength, c the velo- 
city of light, ro and m the classical 
electron radius and mass of the electron 
respectively; the electron energy is 
ymce*. The electron chases closely after 
the emitted radiation with almost the 
velocity of light so that pulses from 
successive periods of the helix fall very 
close together and the wavelength of 
radiation is much. shorter than the 
helix period. A 3.2-cm period helix and 
43.5 MeV electron beam generate 
3.4 um radiation. (The helix used in the 
experiment was 5.2m long.) It is this 
relativistic shift of the wavelength 
which gives the laser its great tun- 
ability. The energy of the electron 
beam being proportional to y, the 
Operating wavelength, As, scales in- 
versely as the square of the energy. 
The immediate difficulty is that the 
laser. requires high currents to produce 
usable gain, posing problems of stability 
in storage rings operating at what are 








rather low electron energies, The 
theory of storage rings is well under- 
stood and these difficulties can probably 
be overcome to a satisfactory extent. 
Less well understood is the perturbation 
that the huge radiation fields building 
up in the cavity will have on the elec- 
tron orbits. Even in these preliminary 
experiments 4 MW of peak power was 
present in the cavity and this amount of 
radiation could possibly upset the oper- 
ation of a storage ring. 

Devices producing large amounts of 
power over a wide spectral range are 
bound to find wide application. It is 
conceivable that one of the first uses 
might be as a tunable source of infrared 
radiation. Current sources tunable in 
the 20-200 um range are of very low 
power, 10 mW or less, whereas the free 
electron laser has already functioned at 
an average power of 0.36 W. Spectro- 
scopy in the far infrared would be 
vastly improved by the availability of 
even |W of power. Experiments on 
semiconductors would have the sen- 
sitivity to measure excitonic and 
impurity spectra. Many transient species 
occurring in fast reactions or in the 
stratosphere would become accessible to 
laboratory infrared spectroscopy, and 
infrared studies of surfaces would be 
much extended in their capabilities if 
the weaker absorbers of radiation could 
be detected. 

If the free electron laser can be fur- 
ther developed to give very high powers 
approaching the megawatt c.w. range 
sufficient power would be available to 
consider photochemical reactions and 
isotopic separation on an industrial 
scale. In the laboratory large amounts 
of radiation could be used to shift popu- 
lations of states on a macroscopic scale 
giving rise to non-linear phenomena. 
But it is probably true that the most 
valuable uses of such a source are yet 
to be discovered. g 


Planetary crater 
retention ages 


from David W. Hughes 


ABSOLUTE ages of planetary features 
can be determined in principle by divid- 
ing the observed crater number density 
N by the crater production rate, F. So 
age = N/F. William K. Hartmann 
(Planetary Science Institute, Tuscon, 
Arizona) is of the opinion that ‘the 
emphasis in funding, research and pub- 
lication is all on the numerator and 
none on the denominator’ in the above 
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Correction 

In the article ‘Multispecific anti- 
bodies’ (News and Views 268, 689; 
1977) column 2, page 690, paragraph 
2, line 4 should read: “The ‘best 
antibodies bind their antigens with 
avidities of 10’-10° 1 mol bit so 
far multispecificity has only teen 
observed in the <10° 1 mol” rang. 





equation. He aims to remedy this statt. 
of affairs by his recent paper in Icarus .. 
(31, 260; 1977), 

First let us deal briefly with. the 
numerator. The literature abounds with 
papers giving details of how N varies 
with diameter D. Researchers have 
obtained photographs of lunar and 
planetary features from Orbiter, Sur- 
veyor, Apollo and Mariner spacecraft 
and have simply counted N, the number 
of craters per square kilometer with 
diameters in the range D to VD km. N 
is proportional to D" where n = —2.0 
for lunar maria and the Tharsis plane 
of Mars, regions where there has been 
little disturbance. Erosion, which 
removes smaller craters, gives n values 
between —1.3 and —1.8. On the slopes 
of Olympus Mons, the Martian 
volcano, n= —2.4, possibly due to 
small volcanic pits adding to the impact 
craters. To give some impressions of 
the numbers involved, a typical lunar 
maria which has been exposed to 
impact bombardment for about 
3.4 aeons (an aeon is 10° yr) would have 
about 10,000 craters larger than 1 km in 
diameter and 10" larger than 10cm, in 
an area of 10° km’, 

Hartmann deals with F, the crater 
production rate in considerable detail. 
F is a function of crater diameter, time 
from the origin of the Solar System, 
heliocentric distance and planetary size. 
The diameter dependence is fairly well 
understood and a similar power law 
dependence has been found for crater 
populations on young undisturbed 
plains on Mercury, Mars and the 
Moon. The dependence is consistent 
with the power law size distribution of 
asteroids, comets and meteorites, these 
being the impacting bodies responsible 
for the craters. 

The time dependence is based on 
Apollo chronologies. F was at least 
hundreds of times higher than its 
present value before 4 aeons ago but 
has been within a factor of 10 of 
present day values during the past 
3 aeons. Most people regard the time 
dependence as representing a smooth 
transition from the chaotic state of 
affairs during planetary accretion to the 
present day near steady state depletion 
of the asteroid and comet reservoirs. 
F would be expected to have roughly 
the same time dependence for all 
planets, 
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The change in Fas one goes from 
one planet to another is virtually un- 
known and is the primary subject of 
Hartmann’s paper. He bases his calcu- 
lations on a study made by G. 
Wetherill: (Proc. Lunar Sci. Conf. 6, 
1539; 1975) who considered families of 
planetsimals in specific orbits and then 
proceded to compute the relative num- 
ber Of impacts from each family onto 
tke surfaces of the different planets. 
fhe first step is to consider a meteorite 
of a specific mass and to calculate the 
diameter of the impact crater it would 
produce on Mercury, Venus, Earth, 
Moon, Mars and so on. Obviously the 
meteorite’s orbital velocity (and thus 
energy) will increase as it moves in 
towards its perihelion. The effect that 
the planetary gravitational attraction 
has on this velocity also varies (this is 
proportional to V(M/R) where the 
planet has a mass M and a radius R). 
The more massive planets also have a 
larger effective collision cross section 
‘and can sweep up more impacting 
bodies. Four orbital families are con- 
sidered, ancient planetisimals circling 
planets (these only hit planetary 
satellites), ancient planetisimals circling 
the Sun (these two families having low 
relative velocities), asteroidal and short 
period cometary bodies making up a 
medium velocity family and long period 
comets, a high velocity family. In the 
case of the Moon the impact velocity 
of a typical member of each of these 
families would be about 3, 6, 14 and 
38 km s™ respectively. The calculated 
F values from each source onto each 
planetary and satellite body turn out 
to be remarkably similar and Hartmann 
concludes that the terrestrial planets 
have crater production rates within a 
factor of 10 of each other. No planet 
seems to have a preferential source of 
impacting bodies. The Mercurian crater 
production rate is about 0.8 to 5 times 
the lunar rate indicating that Mercury’s 
lava plains, which have N values equal 
to their lunar counterparts, are in fact 
younger. Venusian and terrestrial 
cratering rates are about 1 to 2 times 
the lunar rate, the surface of Venus 
having a retention age for 100 km scale 
craters of around an aeon. Martian pro- 
duction rates are between 1 and 7 times 
higher than lunar rates; more of this 
later. The satellites of the outer planets 
have crater production rates less than 
a tenth the rate of lunar cratering and 
should be considerably smoother. There 
seems to have been no major fluctu- 
ations in these rates over the past 
3 aeons, and Hartmann concludes that 
the planetary crater retention ages of 
surface features formed during this 
time can be determined within an un- 
certainty factor of 3 in either direction. 

The calculations discussed above 
have been applied specifically to 


Martian crater counts. By scaling to a 
typical lunar maria the age of a 
Martian feature, T, is given by 


T=34 (N3 /NO (Fi/FS) aeons 


The channels on Mars are found to 
have ages of I aeon (the uncertainty 
factor making this range between 0.3 
and 3 aeons). The Tharsis plain, a 
broad equatorial region which 
surrounds four volcanoes, is slightly 
younger, about 0.8 aeons old. Olympus 
Mons is about 0.2 aeons old. These 
latter findings are contrary to recent 
assertions by G. Neukum and D. U. 
Wise (Science 194, 1381; 1976) who 
find that Olympus Mons is 2.5 aeons 
old and most Martian volcanic 
provinces older than 3 aeons. 
Hartmann puts forward a hypothetical 
Martian scenario in which liquid water 
was much more abundant on Mars 
before the Tharsis volcanism started. 
This volcanism caused a variation in 
the obliquity of Mars which switched 
greenhouse effects on and off forming 
and remelting permafrost layers. This 
continued until the current Tharsis sur- 
face was formed which fixed the obli- 
quity at its present value and resulted 
in the present state of nearly permanent 
cold dryness. 

Two things are needed to refine the 
study of crater production rates. First 
the number of velocity and orbital 
families considered must be increased 
and statistical calculations must be 
made to give a more accurate estimate 
of the final impact site of bodies in 
these families. Second, more asteroidal 
and cometary surveys must be under- 
taken so that more accurate estimates 
can be made of the numbers of bodies 
in each orbital family. With this know- 
ledge the uncertainty factor of 3 in the 
crater retention ages can one hopes be 
much reduced. a 


Irrepressible 
superconductor 


from Robert W. Cahn 


THOSE who study superconductors with 
practical ends in mind have been much 
concerned to raise the transition 
temperature and the critical magnetic 
field: indeed, one sometimes has the 
impression that a transition tempera- 
ture at or above ambient represents 
the philosopher’s stone for some of 
today’s physicists. There is however 
another, less regarded material property 
which limits potential applications, and 
that is the critical current density, itself 
a function of field and a structure- 
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sensitive property. NbsAl is one of the 
most promising A-15 superconductors 
because of its extremely high critical 
field (He=295 kG at 4.2K), but the 
critical current density is modest, and 
various metallurgical tricks used by a 
number of investigators to modify the 
microstructure have in the past not 
been very effective in improving the 
situation. About 10° A cm” is the best 
that has been achieved. A completely 
new approach now promises the 
engineer an excellent new supercon- 
ductor. 

K. Lo, J. Bevk and D. Turnbull (7. 
appl. Phys. 48, 2957; 1977) of Harvard 
University decided to melt-spin the 
alloy. ‘Melt-spinning’ is the name given 
to a variant of splat-quenching which 
produces a thin continuous ribbon of 
alloy. The version used here involves 
a rapidly rotating copper saucer—the 
substrate—on to which a fine stream of 
molten alloy is projected. The investi- 
gators found that a small silicon addi- 
tion was needed to produce a good 
ribbon: their alloy was of composition 
NbpAls Si: Hitherto, melt-spun 
ribbons have been used to examine 
mechanical or ferromagnetic behaviour: 
melt-spun superconductors are some- 
thing new under the Sun. 

The thickness of the ribbon and thus 
the effective quenching rate can be 
modified by altering the speed of rota- 
tion of the substrate: the thinnest 
ribbon was 25 am in thickness and had 
grains <0.5 um in diameter. The micro- 
structure consisted of fragments of 
dendrites surrounded by transition 
layers presumed to be of variable com- 
position. The crystal structure remained 
single phase A-15. To measure electri- 
cal characteristics, the samples had to 
be embedded in indium in order to pro- 
vide good electrical and thermal con- 
nections. Even so, the contact 
resistance limited the feasible current 
density to 1.8x10°Acm™, 254m 
ribbons were tested in fields up to 
150 kG and the critical current density 
was found to be in excess of the ex- 
perimentally enforced limit of 1.8 x 10° 
A cm™ in all field strengths. When the 
ribbon was annealed at 750 °C, T, was 
raised from ~16K to 18.4K and the 
critical current density was still in ex- 
cess of the experimental limit, (It is 
therefore not known whether heat 
treatment increased or decreased the 
critical current density). The highest 
critical current density in 105kG for 
Nb,Al (that is, the highest in any sub- 
stance) reported in the past was ~10° 
A cm”. Plainly an extreme refinement 
of microstructure. is the key to an 
enhanced critical current density. 

It is already clear, from these pre- 
liminary results with just one of the 
A-15 family of compounds, that a new 
generation of high-field super- 


Nature Vol. 269 15 September 1977 


conductors is in the offing. There will 
of course be problems—principally the 
need to incorporate superconducting 
ribbons into a thermally well- 
conducting matrix such as copper to 
provide insurance against a breakdown 
of superconductivity in service. A 
¿number of metallurgical techniques are 
‘available for this purpose (for example, 
Tsuei J. appl. Phys. 45, 1385; 1974; 
Chen & Tsuei ibid. 47, 715; 1976) but 
they generally depend on a precipita- 
tion of superconducting filaments in 
situ. Melt-spun ribbons will have to be 
incorporated in a matrix after they 
have been made: it may be possible to 
use a sintering technique with a low- 
melting metal such as aluminium. The 
fact that annealing does not damage 
the superconducting properties will 
simplify the task. 

Rapid quenching from the melt has 
been used before in connection with 
superconduction, but in a different 
sense. Instead of using the technique to 
refine the structure of a stable com- 
pound, as the Harvard scientists have 


done, workers at California Institute of 
Technology used it to create metastable 
structures. Johnson and Poon (J. appl. 
Phys. 45, 3683; 1974) tested a whole 
range of metastable simple cubic inter- 
metallic superconductors (such as 
TerAuss, SbzIng) and established that 
Te was systematically (and inversely) 
related to -lattice parameter; SbrAus 
had the highest Te of ~6.5 K, and it 
seemed that the (meta) stability of the 
simple cubic lattice (one atom per unit 
cell) broke down for smaller lattices. 
Glassy alloys, made by melt-spinning, 
can also be superconducting: V. L. 
Johnson, S. J. Poon and P. Duwez 
(Phys. Rev. B11, 150; 1975) examined 
the superconductivity of Auz,Laio-z 
glasses (16< x <40). Among other 
peculiarities, these glasses have ultra- 
short electronic mean free paths. For 
AugvLazx, this path is 1.7 A, T.=3.4K, 
the upper critical field ~10 kG. This 
category of material is a scientific curi- 
osity but is not likely to threaten the 
technological superiority of Nb;Al and 
its analogues. oO 


Thickness of the lithosphere 


from Peter J. Smith 


For more than 50 years the Moho was 
regarded as the most important dis- 
continuity in the upper Earth, and 
following its discovery by Andrija 
Mohorovičić in 1909 considerable effort 
was devoted to determining its depth 
throughout the world. The result is that 
worldwide contour maps, albeit im- 
perfect ones, of crustal thickness have 
been around now for some time. But 
although the Moho is no less funda- 
mental a boundary than it ever was, 
its significance has been overshadowed 
in recent years by that of the 
lithosphere—asthenosphere interface. 
The fact is that as far as plate tectonic 
processes are concerned, the crucial 
contrast is not the physicochemical one 
between the crust and mantle but the 
physical one between the lithosphere 
and asthenosphere. . 

So how thick is the lithosphere? A 
rapid and random survey of published 
opinions suggests that the top of the 
asthenosphere is most commonly 
thought to be ‘about 70km deep’, 
although it is widely recognised that 
this is an average concealing variations. 
In this latter respect lithospheric thick- 
ness resembles crustal thickness; but 
the similarity ends there. The 
lithosphere—asthenosphere boundary 
appears to be less sharp than the Moho 
and thus more difficult to locate 
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accurately. Moreover, there are far 
fewer spot measurements of astheno- 
spheric depth than of mantle depth 
because of the relatively recent origin 
of interest in the former. Certainly no 
one has yet suggested that there are 
sufficient direct data for the production 
of a worldwide contour map of litho- 
spheric thickness. 

Nevertheless, Chapman and Pollack 
(Geology, 5, 265; 1977) have now pro- 
duced just such a map. Of course, 
their approach has had to be indirect. 
Specifically, they have developed a 
thermal model of the lithosphere which 
has enable them to derive a family of 
geotherms for continental and oceanic 
zones in which the principal indepen- 
dent variable is surface heat flow. The 
depth at which these geotherms inter- 
sect the mantle solidus is-then taken as 
the surface of the asthenosphere. The 
point about all this is, of course, that 
surface heat flow and its variations 
throughout the world are now quite 
well known, so the problem of the pri- 
mary data is largely solved. 

On the other hand, there is a dis- 
advantage in that, as with all indirect 
methods, it is necessary to make 
assumptions. For example, the con- 
tinental model adopted by Chapman 
and Pollack not surprisingly involves 
steady state conduction through a litho- 
sphere which contains radioactive heat 
sources and into which heat flows 
from below. But the vertical distribu- 
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tion of heat sources is uncertain and 
must be assumed, albeit on the basis of 
reasoned geological and petrological 


“arguments. In practice, Chapman and 


Pollack take an upper layer of 8km 
with heat production A overlying a 
granulite faciés lower crust’ of 32 km 
with heat production 0.25 aW m 
overlying a depleted: ultrabasic zone 
(80 km, 0.01 W m™) overlying:a pyro- 
lite mantle (0.084 W m™). In..‘this 
context, A, the heat production in. the 
upper crust, is the variable related to 
surface heat flow. By inserting different 
values of regional surface heat flow it 
is. then possible to derive a series of 
geotherms for the continental litho- 
sphere (making another assumption, 
again reasoned, on the variation of 
thermal conductivity with temperature). 

The approach to the oceanic area, 
however, is rather different. Here the 
thermal regime is characterised by 
cooling following formation at a 
spreading ridge, although the oceanic 
lithosphere will also contain radio- 
active sources. Chapman and Pollack 
assume an initial temperature gradient 
of 1,300°C+1.5°Ckm™ and a heat 
production of 0.5 #W m™ in the upper 
10km in deriving a family of oceanic 
geotherms in which the variable is 
again regional heat flow. And finally 
there is the question of the mantle 
solidus, for which assumptions are 
again necessary because of the 
uncertain role of volatiles in depressing 
solidus temperature. In fact, Chapman 
and Pollack go for a mixed volatile 
environment (chiefly H:O and CO») 
which leads to a solidus intermediate 
between those applicable to volatile- 
free and purely hydrous melting. 

Implicit in all this, of course, is the 
hope of an ultimate relationship 
between (regional) surface heat flow 
and lithospheric thickness which can 
be defined accurately and smoothly 
enough to enable the latter to be deter- 
mined from the former. And such a 
relationship indeed emerges. From the 
intersections of the derived geotherms 
with the adopted solidus, Chapman and 
Pollack are able to obtain smooth 
curves (one each for continental and 
oceanic zones) of lithospheric thickness 
against heat flow. Moreover, where 
comparable direct data on lithospheric 
thickness are available (for example, 
for the Pacific‘and North America) the 
agreement between observation and the 
predicted curves is good, thus justifying 
the assumptions made in the first place. 
With this encouragement it is then 
but a short step to convert the world 
map of the 12th degree spherical 
harmonic analysis of global heat flow 
developed earlier by Chapman and 
Pollack (Earth planet. Sci. Lett. 28, 23; 
1975) into a parallel map of world 
lithospheric thickness. 
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What the new map shows. is that the 
thickness of the lithosphere varies from 
a few tens of kilometres in young 


oceans and continental orogenic pro- 


vinces to more than 300km in shield 
areas. It is also evident from the 
analysis which led to the production of 
the map that beneath the continental 
shields the asthenosphere is very thin. 
Indeed, a strict interpretation would 
suggest that the asthenosphere does not 
exist there at all, for shield geotherms 
do not intersect the solidus at any 
depth, although shield lithosphere is 
presumably partially decoupled from 
the deeper interior at the depth at 
which the appropriate geotherm 
approaches the solidus most closely. Jn 
any event, there is a clear implication 
that the viscous drag at the base of 
shield lithosphere is much higher than 
elsewhere—a prediction which receives 
some support from observation. 


Be: 


oceanic, increases (not linearly) with 
age. This implies that shield lithosphere 
was once much thinner than it is now 
and that the asthenosphere beneath it 
was thicker, thus facilitating con- 
tinental drift during the Precambrian. 
As for the future, continental litho- 
sphere will presumably continue to 
thicken, increasing the viscous drag at 
its base and thus graually bringing drift 
to a halt. 


Communal 
nesting in birds 
from John Krebs 


Tue Central and South American 
Groove-billed Ani (Crotophaga sul- 
cirostus) lives in groups of one to four 
monogamous pairs. All the females in 
a group lay their eggs in a communal 
nest, and both members of each pair 
help to incubate and feed the young. 
The axiom. of selfish genery warns one 
to expect that Ani groups are uneasy 
alliances in which each individual pur- 
sues its own reproductive ends. A study 
recently reported by S. L. Vehrencamp 
(Science 197, 403; 1977) reveals that 
this is indeed the case. The most 
obvious and unequivocal sign of self 
interest is that the females in a group 
roll each other’s eggs out of the com- 
munal nest. Females cannot, however, 
distinguish their own eggs from those 
of others so that an individual only 
engages in egg-rolling before she her- 
self has started to lay. This means, of 
course, that the first female to start 
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laying eggs is more likely to suffer, and 
the last female to start loses no eggs. 
Although the first female(s) to lay to 
some extent compensate for egg loss 
by laying larger clutches, they still end 
up with fewer eggs than the last female 
at the time of incubation. In compar- 
ing nesting groups of different sizes, 
Vehrencamp found that the average 
number of eggs per female is positively 
correlated with group size, but the first 
female to lay in the group raises fewer 
young than a solitary pair, while the 
last female raises more. So far all the 
benefits seem to lie with the last 
female to lay and none with the first. 
There is potentially a cost to the late 
layer, because the first female starts to 
incubate as soon as she has completed 
her clutch, and the first young to hatch 
out survive better than later ones. The 
late female’s answer to this is to lay 
her eggs more rapidly, at 1-2 day in- 
tervals compared with 2—3 days for 
early females, so that her young hatch 
out no later than average. All in all, 
the late females clearly do better than 
early layers, and they tend to be older 
(probably more dominant) individuals 
who are mated to larger than average 
males. 

The late layers also gain when it 
comes to parental care: they contri- 
bute less to incubation and feeding the 
young than do the other females in a 
group even though most of the brood 
is theirs. This picture of more or less 
parasitic behaviour by late females is 
to some extent ameliorated by the fact 
that the males mated to late layers do 
more incubation and feeding.of the 
young than any other group member. 
This implies that the male can tell 
that his mate has laid most of the suc- 
cessful eggs so that he is feeding his 
own children. 

Clearly we need to know a lot more 
about the Ani system of communal 
nesting before a full cost benefit 
analysis for each group member can 
be done. At the moment it looks as 
though the late-laying female and her 
mate get more out of the system than 
the others, so further data are needed 
to work out why the communal nesting 
system is a stable, if selfish alliance. 

In other communal nesting species 
which have been studied over several 
years, the members of a group are 
usually closely related to one another. 
However, these species, including bab- 
blers of the genus Turdoides and two 
American jays (Aphelocoma spp.), 
have a different system of communal 
nesting from that of the anis. Only one 
pair does all the reproducing, and the 
other group members are usually sub- 
adults, many of them offspring of the 
reproductive pair and hence siblings of 
the present nestlings. Although the 
helpers, as they are called, may in- 
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dators, and feed nestlings, there is 
some uncertainty about how much 
they actually increase the reproductive 
success of the breeding pair (Zahavi 
Ibis 116, 84; 1974; Woolfenden Auk 
92, 1; 1975; Gaston, thesis, Oxford, 
Univ. 1976). One interpretation (Gas- 
ton op. cit.) is that the helpers are 
providing just enough aid to encourage 
the parents to allow them to stay in 
their territory. In both the babblers 
and jays, young birds have rather little 
chance of establishing their own ter- 
ritory away from home, because the 
suitable habitat is fully occupied by 
adults, who have a low mortality rate. 
The best bet for a young bird is to 
stay at home and try to take over the 
parental territory when one or both of 
the parents die. 

In doing this, the young birds could 
reduce the future reproductive success 
of their parents by competing for food, 
attracting predators to the nest, and so 
on. In order to offset this, and hence 
make it profitable for the parents to 
allow them to stay, they provide a 
small amount of help in rearing new 
young. 

This interpretation is speculative, but 
it emphasises that the apparently 
simple cooperation probably has a rich 
and fascinating underlying pattern of 
selfish behaviour 





A hundred years ago 


METEOROLOGY AND THE INDIAN 
Famine... Dr Hunter also found 
that six great scarcities of sufficient 
gravity to be officially returned as 
“famines?” had occurred during the 
period 1880-77. Of these six famines 
five were caused by years of drought 
coincident with, or adjoining to, the 
periods of minimum sunspots. He 
further showed that the rainfall at 
Madras passed through an eleven 
year’s cycle, corresponding with the 
cycle of sun-spots. That is to say, the 
rainfall reaches its minimum in the 
eleventh year, rises to its maximum 
about half-way through the cycle in 
the fifth year, and then declines again 
to its minimum in the eleventh year. 


At the recent biennial meeting of the 
German Astronomical Society, which 
was held at Stockholm, the members 
received the news of the discovery of 
the two satellites of Mars with mani- 
festations of grave doubts. The 
president at their request telegraphed 
to the Berlin Observatory, and in 
reply received a copy of the original 
telegram as it was sent from 
America. 

From Nature 16, 13 September, 425, 
428: 1877. 


amenena, 
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Carbon fixation 
‘pathways 


from Sandy Grimwade 


A symposium on the C: and G 
photosynthetic pathways was held by 
the Ecological Society of America at 
the Annual Meeting of the American 


Institute of Biological Science in 
East Lansing, Michigan in August 
1977. 


Tue fixation of atmospheric carbon 
dioxide into metabolic intermediates by 
green plants can take place by three 
different pathways. In the majority of 
plants CO, is fixed by the classic Calvin 
cycle directly into ribulose diphosphate 
to form two molecules of phosphogly- 
cerate—a three-carbon compound. In 
some plants, however, the initial 
carboxylation step results in the 
formation of C, compounds such as 
oxaloacetate, which are then decar- 
boxylated in specialised bundle sheath 
cells where the released CO. is refixed 
by the usual Calvin cycle. The third, 
and most restricted type is found 
mostly in succulents of arid regions. 
Fixation of CO; in this case occurs into 
crassulacean acid. 

The differences between the so-called 
C and C, plants give rise to a wide 
variety of biochemical, ecological and 
climatological implications, some of 
which were discussed at the symposium. 

B. N. Smith (Brigham Young 
University) outlined the biology of 
C; and C, plants and the resulting 
isotope fractionation effects. Atmos- 
pheric CO, contains both the "°C and 
HC stable isotopes of carbon. Compared 
with a standard limestone sample, the 
relative concentration of the C isotope 
in atmospheric CO: (6"C) is —7%.. 
The photosynthetic fixation of atmos- 
pheric CO. exhibits a substantial 
isotope effect, which differs markedly 
for C, and G; plants. As CO, fixation 
is the only reaction which shows such 
a substantial effect, the resulting 
isotope depletions are reflected through- 
out the plant tissues. In C; and Cy 
plants, the ôC values are —26 and 
— 12%. respectively. In addition, these 
isotope depletions are maintained in 
the herbivores which eat the plants and 
so on up the food chain. As these 
differences are so marked, they provide 
a valuable tool in several fields. For 
instance, the relative concentration of 
C and C; plants in fossil animals can 
be estimated. The adulteration of 
honey—mostly from C; plants—with 
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corn syrup, from a C; plant, could be 
detected and quantified. 

Any consideration of G and G 
metabolism in plants gives rise to two 
related questions—why do plants use 
more than one pathway for CO: 
fixation and how did the pathways 
evolve. Answers to these questions 
must account for the fact that CG 
metabolism is found spread throughout 
many plant genera, and yet no genus 
is composed exclusively of C, plants. 
For instance, about 50% of grass 
species are C, plants as is a smaller 
proportion of Compositae. The only 
way to account for such a patchy 
distribution is to hypothesise that C; 
metabolism with its attendant array of 
specialised enzymes and cellular 
anatomy arose as many as 20 times 
in the course of plant evolution. The 
alternative proposition, that it arose 
once or a few times is almost impossible 
to reconcile with accepted schemes. 

The question of the rationale for 
more than one pathway is easier to 
tackle. J. R. Ehleringer (Stanford 
University) presented data showing the 
advantages of C, metabolism in grasses 
in particular environmental circum- 
stances. Measurements on whole plants 
of net carbon gain per unit weight 
show the following. At normal oxygen 
tension, Œ and C, plants show similar 
efficiencies, but as O» tension decreases, 
the efficiency of G metabolism 
increases whereas C; remains constant. 
Similarly, the yield of C, plants is 
constant with increasing temperature 
whereas the efficiency of C, metabolism 
decreases. C, plants also have the 
advantage at high light intensities and 
low humidity. Using these data, a 
computer simulation of the rate of 
carbon gain in a C, or C; grass canopy 
in the Great Plains of the United States 
in July shows that as latitude increases, 
so does the efficiency of C; grasses. 
At 45° N the two types are about 
equal. A survey of the flora of the 
Great Plains reveals that in the south 
of Texas. (25° N) about 70% of the 
grass cover is C, at 40° N the two 
types are equal, and at 60° N only Cy 
types are found. Thus the relative 
physiological advantage of Ci or G 
metabolism is directly reflected in the 
flora of the region. 

Similarly, a survey by C. T. Harrison 
(University of Wyoming) of the grass 
types along a transect of grasslands in 
Wyoming shows a decrease in the 
percentage of the biomass composed 
of CG, grasses with increasing elevation, 
and hence decreasing average tempera- 
ture. This point is nicely reflected in 
measurements of the 65°C values of 
bison remains in a single burial pit in 
Wyoming. At the surface, the 85°C 
values reflect a diet for the bison 
which contains a substantial proportion 
of G grasses. With increasing depth, 
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and hence age, the proportion of G 
in the diet decreases until the 68°C 
value reflects a diet composed entirely 


-of C, plants approximately 8,000 years 


ago. This is held to reflect the gradual 
warming of the climate, with the 
subsequent invasion of C, grasses from 
the south over the past few millenia. [7 


Gravitation 
but no levitation 


by Malcolm MacCallum 





The Eighth International Conference 
on General Relativity and Gravita- 
tion was held at the University of 
Waterloo, Ontario, Canada on 7-12 
August, 1977. The organising com- 
mittees, headed by M. McKiernan 
(University of Waterloo) and W. 
Israel (University of Alberta, Ed- 
monton), provided a. most enjoyable 
and enlightening meeting. 








‘GR8’ proclaimed the T-shirts: they 
were right in more ways than one. Up 
to nine parallel afternoon sessions were 
required to accommodate more than 
400 talks contributed from among. the 
700 or so’ participants. The morning. 
plenary sessions were devoted to invited- 
talks, mainly reviews. 

Informal discussions between V. 
Braginsky (Moscow), W. Unruh (Uni- 
versity of British Columbia, Vancouver) 
and others evolved schemes to push the 
sensitivity of gravity wave detectors to 
the level where the instrument must be 
regarded as a quantum system. A factor 
of about one million improvement is 
required to measure the expected astro- 
physical sources, as described by K. S. 
Thorne (Caltech). The active groups 
developing the various possibilities were 
all represented, and there seemed to be 
considerable optimism about the feasi- 
bility of the new detectors and the 
likelv technological spin-off from their 
development. 

Experimental results by I. S. Shapiro 
(Massachusetts Institute of Technology) 
on time-delay data from the Viking 
missions to Mars, and by R. B. 
Partridge (Haverford College) on the 
isotropy of the cosmic microwave 
background contained no real surprises, 
apart from some unexplained and un- 
svstematic deviations in Shapiro’s data 
which he tentatively ascribed to pro- 
cedural errors at the tracking stations. 
R. Newman (University of California, 
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Irvine) described new laboratory tests 
confirming the inverse square law at 
ranges around 4 cm in contradiction to 
some results of Long (Nature 260, 417; 
1976). 

The ever-expanding capabilities of 
computers were much in evidence, and 
I suspect many relativists will have 
been converted to a new interest in the 
potential of the algebraic manipulation 
systems, most of which, such as the 
SHEEP system demonstrated by I. 
Frick (University of Stockholm), are 
designed for. ease of casual use, In- 
teresting numerical computations in- 
cluded two splendid films, by J. R. 
Wilson (Lawrence Livermore Lab- 
oratory) on collapse and by L. Smarr 
(Harvard University) and K. Eppley 
(University of Maryland) on the head- 
on collision of two equal mass black 
holes. Thorne suggested that generalis- 
ation of the latter to glancing in- 
cidence might increase the rather low 
gravitational radiation found by Smarr 
and Eppley. 

The significance of black holes for 
astrophysics and cosmology was well 
reviewed by M. J. Rees (Institute of 
Astronomy, Cambridge) and I. D. 
Novikov (Moscow) respectively. Effects 
considered ranged from X rays through 
quasar models to the overall entropy 
of the Universe, and included the 
polarisation effects recently predicted 
by P. A. Connors and R. F. Stark of the 
University of Oxford (Nature 266, 429; 
1977), Among the other astrophysical 
contributions, J. L. Friedman 
(Wisconsin-Milwaukee) announced that 
all rotating stars are unstable, and 
C. M. Caves (Caltech) pointed out that 
gravitational Cerenkov radiation would 
cut off the cosmic ray spectrum in 
söme alternative theories of gravity. 

The singularities symposium con- 
sisted of many informal contribu- 
tions, shorter even than their written 
abstracts, carefully ‘organised by 
G. F. R. Ellis (University of Capetown) 
into an enlightening overview. The 
difficulties in defining singular boundary 
points and in formulating the ‘cosmic 
censorship’ hypothesis (roughly, that all 
singularities other than an initial. big 
bang are hidden inside black holes) were 
well discussed. In the session on the 
initial-value problem Y. Choquet- 
Bruhat (Paris) reviewed her work with 
J. Marsden (University of California, 
Berkeley) proving that the energy of 
asymptotically flat spaces has a mini- 
mum, namely zero, at flat space, thus 
partially verifying the long-standing 
conjecture that such spaces have posi- 
tive energy. 

Complex variable techniques figured 
in various contexts. W. Kinnersley and 
D. M. Chitre (Montana State Univer- 
sity) have developed a method for 
generating infinite families of solutions 


of Einstein’s equations, R. Penrose 
(University of Oxford), in his review, 
related his twistor programme to the 
soliton solutions of Yang-Mills theory. 

The various schools of thought on 
quantum gravity were well represented. 
The most rapidly growing seems to be 
‘supergravity’, in which gravity is 
related to a spin-3/2 field through a 
symmetry. This removes some diverg- 
ences, has positive energy, and, as 
shown by R. Tabensky and C. Teitel- 
boim (Princeton University), can be 
regarded as a ‘square-root’ of general 
relativity much as Dirac’s equation is 
related to the Klein-Gordon equation. 
S. W. Hawking (University of Cam- 
bridge), speaking on path-integral for- 
mulations, pictured the vacuum as a sea 
of Planck mass black holes and warned 
‘Danger! Virtual black holes.’ The gap 
between quantum and classical 
approaches was still apparent, as when 
S. Weinberg (Massachusetts Institute of 
Technology) told a questioner that 
geometry did not matter, and only 
belatedly added ‘in this case’. 

One interesting contribution that did 
not materialise was by L. Domash 
{Maharishi University) on levitation. 
Did his theory break down in mid- 
Atlantic? Anvway. only lesser adents 
in meditation were present. g 


Oocyte 
microinjection 


from H. Chantrenne 


A symposium on the use of Xenopus 
oocytes in the study of DNA tran- 
scription and mRNA translation 
was held on 16 July, 1977 at the 
Université Libre de Bruxelles as part 


of an EMBO course. It was or- 
ganised by Dr G. Marbaix and Dr 
G. Huez, Laboratoire de Chimie 
Biologique, Departement de Biologie 
Moléculaire, Université Libre de 
Bruxelles. 





THe colloquium presented some recent 
results obtained with Xenopus oocytes. 
J. Brachet (Brussels) provided an intro- 
duction to oocyte structure and 
oogenesis, 

A novel development is the use of 
oocytes to study the expression of in- 
jected DNA. J. B. Gurdon (MRC 
Laboratory of Molecular Biology, Cam- 
bridge) described techniques he has 
developed for studying the expression of 
purified genes by injecting the DNA 
into the oocyte germinal vesicle, where 
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it is transcribed. He also described 
recent experiments showing that the 
oocyte cytoplasm can ‘reprogram’ in- 
jected nuclei. Nuclei from fully- 
differentiated Xenopus cells injected 
into oocytes of the newt Pleurodeles, 
directed the synthesis of proteins 
characteristic of the Pleurodeles oocyte 
Stage rather than proteins characteristic 
of the differentiated cell (see Prac. 
natn. Acad. Sci. U.S.A. 74, 2470; 1977). 

The oocyte provides an alternative to 
the more usual cell-free systems for 
studying the translation of mRNA. L. 
van Vloten-Doting (State University, 
Leiden) emphasised the advantage of 
the oocyte. Translation is correct, the 
oocyte is of course able to adjust the 
conditions for adequate operation of 
the complex protein-synthesising ma- 
chinery, and translation continues for 
several days. Another remarkable 
feature is the oocyte’s ability to bring 
about correct post-transcriptional modi- 
fication of the newly-synthesised poly- 
peptide. 

An illustration of this was given by 
J. Ghysdael (Brussels) with the 35S 
RNA from avian myeloblastosis virus. 
When injected into oocytes this RNA 
directs the synthesis of a long poly- 
peptide which is the precursor of the 
‘group antigens’ of the virus. In the 
oocytes it is correctly split into four 
viral proteins (p27, pi9, p15, p12) 
exactly as in infected chick fibroblasts, 
but much more slowly, allowing a clear 
analysis of the process by classical 
chasing methods. According to C, von 
der Helm (see Proc. natn. Acad Sci, 
U.S.A. 74, 911; 1977) protein p15, one 
of the final products of polypeptide 
cleavage, is involved in the cleavage. 
This raises an intriguing problem, for 
p15 is not initially present in the oocyte; 
no-one knows at present whether it can 
act enzymatically when it is still part of 
the large polypeptide and provided that 
the concentration of the latter is suffi- 
cient, or whether selective cleavage is 
brought about by oocyte enzymes. 

G. Huez and G. Marbaix (Brussels) 
have been studying the role of poly(A) 
in the stabilitv of the messenger. They 
showed that the addition of poly(A) to 
a histone mRNA lacking poly(A) in- 
creases its half-life in the oocyte from 
around 10 to more than 48 hours. 
G. Vassart (Brussels) showed how the 
translation of thyroglobulin mRNA 
in oocytes has resolved the controversy 
over the size of the protein subunit. 
which turns out to have a molecular 
weight of 300.000. It is only in the 
oocyte that this messenger is trans- 
lated correctly. B. Lebleu (Brussels) 
showed that crude preparations of 
mRNA from cells induced to produce 
interferon directed the synthesis of 
biologically active interferon in the 
oocyte. 0 
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Ultraviolet spectrum of quasi-stellar 


object 3C273 


Arthur F. Davidsen, George F. Hartig & William G. Fastie 


Department of Physics, The Johns Hopkins University, Baltimore, Maryland 21218 





The first direct observation of the ultraviolet spectrum of a 
quasi-stellar object (QSO) has been made with a rocket- 
borne telescope. The emission line spectrum of 3C273 is 
similar to the spectra of high-redshift QSOs, but no absorp- 
tion is observed. The results provide important new con- 
straints on theoretical models of QSOs, place a severe limit 
on the density of neutral hydrogen in the intergalactic 
medium, and suggest a cosmological origin for much of the 
absorption seen in high-redshift QSOs. Comparision of the 
ultraviolet spectrophotometry of low- and high-redshift 
QSOs suggests that the universe is closed, with qo ~ 1. 





Ir has long been recognised that ultraviolet observations of 
low-redshift quasi-stellar objects (QSOs) made with space-borne 
telescopes might reveal important clues concerning the nature 
of these objects. Among the problems for which such observa- 
tions are relevant are the nature of the energy source, the 
physical conditions in the emission line envelopes, and the 
origin of the absorption lines seen in high-redshift QSOs. 
It now seems that these observations may also be of great 
significance for cosmology. Here we report the first observation 
of the ultraviolet spectrum of a QSO, made with a telescope 
carried above the Earth’s atmosphere by a sounding rocket. 
The spectrum of 3C273 is presented and some of its implications 
are briefly discussed. Further details of the observation and 
analysis will be described elsewhere’. 


Faint object telescope 

The observation was made with a new instrument?, which we 
call the Faint Object Telescope (FOT), designed especially for 
moderate resolution (10-15 A) ultraviolet spectrophotometry 
of faint extragalactic objects in the wavelength region between 
1,200 and 1,700 A. The FOT uses a 40-cm diameter //15 
telescope, whose 1,100 cm? collecting area makes it the largest 
optical telescope ever flown in a sounding rocket. A spectrum 
is formed by a concave grating which gives a dispersion of 
20 Å mm™ at the detector focal plane. The spectrograph has 
two circular entrance apertures whose diameters, projected on 
the sky, are 2,2 arc min with a centre-to-centre spacing of 4.4 
arc min. One aperture observes the target while the other 
accumulates simultaneous background data. 

The FOT detector consists of two 25-mm diameter micro- 
channel plates mounted in a chevron configuration, followed 
by two one-dimensional resistive anode readout devices? for 
“accumulating separate spectra of the target and background. 
The detector has a magnesium fluoride window, and a caesium 
iodide photocathode is deposited directly on the front surface 
of the first microchannel plate. Pressure in the detector is 
maintained below 107? torr by an ion pump which is turned 


off before flight. The spectrum observed in the target channel is’ 


displayed on the ground in real time by a multichannel analyser. - 
The overall effective collecting area of the FOT varies... 


between 11 and 5 cm? over the range 1,250-1,700 A. Pre-flight 
and post-flight calibrations agree within the errors of less than 
5°. The absolute calibration, obtained by comparison with 
measurements made with an NBS-calibrated photodiode, is 
accurate to about 10%. The instrumental resolution is about 
10A over most of the spectrum and degrades to about 15A at 
the shortest wavelengths. 2 
A unique rocket pointing system has been developed for the 
FOT by the Sounding Rocket Division of NASA’s Goddard 


Space Flight Center. Two star-trackers are mounted. behind | co 


the telescope primary, with adjustable mirrors which enable 
them to view out through the side of the rocket. These star- 





trackers lock on to two bright stars which are chosen to be 
nearly orthogonal to the target direction and to each other.) 


Signals from one tracker control yaw and roll jets in the 
attitude control system, while the second tracker controls pitch. 
With accurate alignment of the trackers and telescope, pointing 
within 1 arc min to any target can be accomplished. 5 

In addition to this system, the FOT utilises an SIT vidicon 
television camera which is focused on the mirrored entrance 
plate of the spectrograph. Television pictures of a 15-arc min 
field surrounding the target and background apertures are 
transmitted to the ground, where the experimenter can. verify. 


the pointing of the telescope by reference to stars as faint as- i 


10 mag. A remote command system can then be used to make 
fine adjustments to the pointing. The operation of the FOT is, = 
therefore, somewhat similar to the operation of large ground- 
based telescopes. 


Launch and data 

The Faint Object Telescope was launched aboard a NASA 
Black Brant VC sounding rocket from White Sands Missile: _ 
Range on 16 April 1977 at 0500 uT. The star-trackers acquired __ 
Vega and Capella and pointed the FOT so that 3C273. was 
within 50 arc s of the centre of the target aperture. A series of 
commands were then sent to centre the target in the spectrograph 
aperture. Pointing was automatically maintained throughout 


the rest of the flight with a total jitter of about +15 are s. 


The payload reached a peak altitude of 218 km and obtained a 
total of 270 s of data at altitudes above 130 km. 

Some 13,000 photons were detected from 3C273 during a 
235-5 observation after the target was centred in the spectro- 
graph entrance aperture. The total background correction 
was ~2,000 counts, determined from simultaneous observa- 
tions through the sky aperture as well as observations made 
with the target aperture before and after the 3C273 observation. 
About half of the background was due to dark counts distributed 
nearly uniformly over the whole spectrum. The other half was 
due to geocoronal Lyman a emission, for which the FOT has 
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Fig. 1 The ultraviolet spectrum of the QSO 3C273. The strongest 
emission line is hydrogen Lymana (1,216 with a redshift z = 
0.16. The asymmetry of the line is attributed to N(v) 41,240 
emission. The broad feature at Arest 1,400 A is similar to that 
usually attributed to Si (rv) and O (tv) in high-redshift QSOs. 
There are also probable emission features which may be due to 
O (1) A1,304 and Si (1) 11,265. The continuum is flat, with no 
evidence of strong absorption shortward of Lyman a. 
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a small residual sensitivity at detector positions corresponding 
to wavelengths shorter than 1,300Å. The background corrected 
spectrum was smoothed with a sliding average of 3 wavelength 
bins (7.7Å) to reduce the effects of slightly uneven bin widths 
in the analog-to-digital converter. The count-rate data were 
then reduced to absolute flux units by dividing by the response 
function of the FOT. 


Emission line spectrum 

The ultraviolet spectrum of 3C273 is shown in Fig. 1. As in the 
case of very high-redshift QSOs, the strongest emission feature 
is Lyman a. Its redshift, z = 0.16, is the same as the value 
obtained originally from the Balmer lines®. In addition there 
are emission features due to N(v) 41,240 (blended with La), 
SiGiv) and Oliv) 41,400, and O(G) 41,304. There are also possible 
emission features at 11,265 and 11,286. The first of these can 
plausibly be identified with SiG). The equivalent width of the 
La + N(v) feature is 67 A in the rest frame. We estimate from 
the asymmetry of the feature that one quarter of this is due to 
Nv). The continuum is flat, with a flux of 9.51.0 10778 
erg cm~? s~ Hz~. The flux in La is, therefore, about 9 x 1071 
erg cm~? s~, Better estimates of the emission line intensities 
and their widths will be available when we have had the oppor- 
tunity to compare the data with the results of synthetic FOT 
spectra (see ref. 1). 

Several attempts to reproduce QSO emission line spectra 
have been made, using a model consisting of a power-law 
source of ionising radiation surrounded by clouds or filaments 
of gas’ ~", Until now, however, there have been no observations 
of a single QSO covering both the ultraviolet and the optical 
emission lines. Theorists have had to resort to a ‘composite 
QSO spectrum’ pieced together from observations of different 
rest-wavelengths in many QSOs of varying redshifts. The usual 
assumption for normalising the ultraviolet and optical data has 
been to take the flux ratio F(La)/FC(HB) = 40, corresponding to 
production of these lines primarily by radiative recombination, 
but with some enhancement of La due to collisional excitation. 
Combining our measurement of the La flux with the previously 
measured HB flux", we find F(La)/F(HB) ~ 4 in 3C273, an 
order of magnitude smaller than the canonical value. A similar 
result has been obtained in a very careful composite QSO 
study??. 
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This remarkable departure of the observed Lyman/Balmer 
ratio from the expected one is likely to have a major impact on 
QSO models. The most obvious explanation, that the ultra- 
violet lines are attenuated by absorption by dust similar to that 
observed in the interstellar medium, seems untenable in view 
of observations of Paschen a that indicate the hydrogen lines 
are unreddened!’. But, dust which is distributed within the line- 
emitting gas might destroy La without having much affect on 
the Balmer and Paschen lines if the nebula has high optical 
depth to La phtons. An additional mechanism which might play 
a part in depleting La in an optically thick nebula is photo- 
ionisation of He 2°S by trapped La photons. Some alter- 
natives have been mentioned by Baldwin?*. Whatever 
mechanism is at work, an understanding of the reduced La/ 
HB ratio may lead to vastly improved knowledge of the physical 
conditions in QSO envelopes. 


Non-thermal continuum 

It is usually assumed that the optical continuum observed in 
QSOs and active galactic nuclei can be extrapolated to the 
far-ultraviolet with a power-law Fy <y~* to provide the photo- 
ionising flux needed to explain the emission lines. Theoretical 
models of this type are sensitive to the flux at the Lyman limit 
as well as the spectral index a. This observation of 3C273 makes 
it the first QSO for which the continuum flux is well-determined 
over a broad wavelength range. 

In Fig. 2 we have collected spectral data on 3C273 extending 
from the infrared to the far-ultraviolet. The data at 2 ym are 
from Grasdalen}*, the optical data are from Oke and Shields", 
the near ultraviolet data are recent broad band measurements 
by the ANS satellite’, and the far-ultraviolet data are the 
measurements reported here. Two of the ANS bands fall at the 
expected wavelengths of the C(iv) 41,550 and Cm) 11,909 
lines, which are normally strong in high-redshift QSOs. 

From Pa to Ha the spectral index is 
Ha and La the spectrum is flatter, with a = 0. 6. In addition 
there is a broad hump centred at ~ 3,500 Å. Such a feature has 
been noted in several QSOs by Baldwin™, who has interpreted 
it as Balmer continuum emission. It is evident that the spectrum 
of 3C273 cannot be described by a single power-law, but because 
only a very small extrapolation is now required, the flux at the 
Lyman limit is reasonably well-determined. We estimate 
Fy (Lyman limit) = 8x 107? erg cm~? s~ Hz, with an 
uncertainty of about 20%. This corresponds to a continuum 
luminosity Ly = 7x10 erg cm~? s7' Hz}, assuming 
H, = 50 kms! Mpc~t and qo = +1. The spectral index just 
below the Lyman limit is 0 $ a < 0.6, but a must increase 
(a = 1.2) somewhere above the limit to agree with the X-ray 
observations?’. 


Fig. 2 The spectrum of 3C273 from the near-infrared to the 

far-ultraviolet. Infrared data'* are represented by a curve. 

Optical data are shown as measured fluxes and assumed con- 

tinuum. Five broad-band ultraviolet measurements by the 

ANS satellite’ are shown as squares, with dashed lines to 

indicate assumed continuum and lines. The far-ultraviolet data 
from Fig. 1 are also shown. 
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No corrections for reddening have been made to any of 
the data shown in Fig. 2. The chief evidence against reddening 
of the overall spectrum is the Pa/H® measurement’, which 
agrees with recombination theory. Galactic reddening is 
expected to be small or zero! at the high galactic latitude 
(b" = 64°) of 3C273. An estimate based on the 21-cm hydrogen 
column density’ and the relation between Naand reddening”?! 
gives Ep.vy (galactic ) =.0.01,; which would give. extinction of 
0.1 mag at Lyman a using the-OAO extinction curve??. 


Intergalactic matter. 

The absence.of absorption shortward of the red-shifted La 
emission is another important result of this observation. Gunn 
and Peterson2* showed that neutral hydrogen distributed smooth- 
ly in the intergalactic medium should produce an absorption 
trough extending from 1,216A to 1,216 (1+z)A in the spectrum 
of a QSO, assuming its redshift is cosmological. The optical 
depth in the trough at a wavelength corresponding to redshift 
z is*4 


= 17x10" mG) 
T A 7 0 (+z)? 

in a Friedmann model universe with the critical density para- 
meter Q = 1. Since no trough is observed in the 3C273 spec- 
trum, we take t < 0.2 and find the upper limit 


ty < 15x 1072 cm-3 


for z ~ 0.07-0.15. The contribution to the critical density 
due to neutral hydrogen is, therefore, Qu, < 5x 1077 at 
z ~ 0.1. This is by far the strongest limit on neutral hydrogen 
in the intergalactic medium at a recent epoch, but a similar 
limit has previously been obtained at z ~ 2 from observations 
of high-redshift QSOs (see ref. 25 for a review). These results 
indicate that if there is any intergalactic gas it has remained 
highly ionised over most of the history of the Universe. 


QSO absorption lines 
Absorption lines have been seen in the spectra of many high- 
redshift QSOs and most of these are found shortward of the 
La emission line2®. It is highly controversial whether all of 
these lines arise in material associated with the QSOs, or 
whether some of the absorption is produced in intervening 
clouds or galaxies. On the intervening matter hypothesis, the 
absorption should be absent in low-redshift QSOs”. 

Absorption lines are not readily detectable at the modest 
resolution of the present observations of 3C273. It is still 
possible to make an interesting comparison between 3C273 
and high-redshift QSOs, however, because even at low resolu- 
tion, these objects usually show a marked depression of the 
apparent continuum shortward of La due to the blending of 
many absorption lines. For example 10 QSOs with 2.5 < z < 
3.1 have been well observed both longward and shortward of 
La by Osmer and Smith2’. For these objects we have estimated 
the ratio of the flux density in the wavelength range 1,120- 
1,180 A to that at 1,475 A (tabulated by Osmer and Smith). 
A wavelength region slightly longer than La was not chosen 
because of possible contamination by emission lines. The mean 
value of this ratio is 0.66, with a range from 0.51 to 0.81. Our 
observation of 3C273 yields 0.98+-0.06 for this ratio, and 
suggests that absorption lines will not be detected when high 
resolution observations of this object are eventually made. 
These results are, therefore, consistent with the hypothesis 
that much of the absorption seen in high-redshift QSOs is 
due to matter at smaller cosmological redshifts. 

One difficulty with this comparison is that the high redshift 
objects are more luminous than 3C273 by a factor between 
3 and 10, and there could conceivably be more absorption in 
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Table 1 QSOs of similar luminosity 
AB, log W, log L, 
Object z (1,450Å)  (La+N(v)) (1,450 Å) 

4C25.05 2.34 18.7+0.2 1.84 30.93 +£0.08 
2256 +017 2.66 19.3+0.4 1.79 30.76-0.16 
4C05.34 2.86 18.3+0.2 1.79 31.20 4+-0.08 
0830-+-115 2.97 19.2+0.2 1.87 30.86 +-0.08 
OH 471 3.39 19.1 +0.2 1.86 30,97 +0.08 
Average 2.84 18.92+0.37 1.83+0.03  30.944-0.15 
3C273 0.158 13.96+0.10 1.8340.04 30.94-10.04 


a Tare 


however, a continuum depression ratio of about 0.5, similar to 
that of the other high-redshift QSOs. Therefore, we. tentatively. 
conclude that the continuum depression ratio is correlated 
with redshift and that much of the absorption seen-in. high- 
redshift QSOs arises in matter at smaller, cosmological redshifts. 
It will be necessary to obtain further ultraviolet observations of © 
intermediate-redshift QSOs, and eventually high resolution 
ultraviolet spectra, in order to confirm this conclusion. 


Cosmology with QSOs 

Quasars have been disappointing as cosmological probes, 
despite their high visibility at large redshifts, because if their 
redshifts are cosmological, they have a very large range of 
luminosities. It has recently been shown, however, that there 
is a good correlation between the continuum luminosity at a 
rest-wavelength of 1,450 A, calculated under. the assumption of 
cosmological redshifts, and the equivalent widths of the 
La-+N(v) and C(rv) emission features in 20 high-redshift 
QSOs**. Another study found a similar correlation. with La 
(but not C(iv) ) in 29 mostly radio-quiet QSOs”. The relations 
are especially tight if the sample is restricted to only the flat 
spectrum radio sources?*, suggesting that these objects may 
be useful as standard candles. 

In Table 1 we list the flat-spectrum radio QSOs from the 
study of Baldwin?*, which have equivalent widths WA. (La+ 
N V) within 10° of the value observed in 3C273. The continuum 
luminosities Lv(1,450 A) have been calculated under. the 
assumption of cosmological redshifts with the Hubble constant 
H, = 50 km s~ Mpc™ and the deceleration parameter qy = 
+1. Also listed are the apparent magnitudes ABy(1,450 A) on 


Fig. 3. A redshift-magnitude diagram for the QSOs in Table I. 

Only flat-spectrum radio sources with W,(La-+ N(v)) similar to. 

that of 3C273 are included. The circled point is the average.of 

the five high-redshift objects. The curves show expected relation- 

ships for various values of the deceleration parameter qo in 
Friedmann model universes. 





12 14 16 18 20 
ABy (1,450 A) 


206 


the Oke system (ABy=— 2.5 log Fy—48.60). The average of 
the five high-redshift QSOs has the same equivalent width as 
3C273 and the same luminosity if gy = +1. These objects can, 
therefore, be compared directly in a redshift-magnitude 
diagram. The result is shown in Fig. 3. ae 

Also shown in Fig. 3 are the expected redshift-magnitude 
relationships for various values of g, in Friedmann model 
universes with zero cosmological constant®, These curves are 
arbitrarily normalised to go through the point representing 
3C273. This comparison of high- and low-redshift QSOs 
thought to have similar intrinsic luminosities favours a value 
of qo ~ +1. If gy were greater than 0.5 it would indicate that 
the universe is closed. . ; 

There are two important cautionary notes in connection with 
this result. First, the reality of the equivalent widths of the 
ultraviolet emission lines as a luminosity indicator is not yet 
firmly established. This is because one also obtains a good 
correlation between apparent luminosity and equivalent width*®. 
This remains true with the addition of 3C273-to the saniple if 
one considers observed equivalent widths rather than rest- 
frame values. Ultraviolet observations of several low-redshift 
QSOs and Seyfert galaxies with a wide range of luminosities 
are needed to decide whether the lurolnostty-saurvalent width 
relationship is real. 

A second uncertainty in the present result for Qo is the redden- 
ing of 3C273. In Fig. 3, 3C273 is plotted with no correction for 
reddening the Galaxy. Tf Esv = 0.01 as estimated above, the 
correction at 1,450 A is less than 0.1 mag, which is small com- 
pared with other uncertainties. If, however Ep-y = 0.06, the 
ultra-violet magnitude should be brighter by: about 0,5, which 
would give q, ~ 0.5. A larger reddening correction would reverse 
the evidence favouring a closed universe. > 

While it would be premature to conclude that the universe is 
closed, it is encouraging to think that QSOs may turn out to 
be useful cosmological probes. Further ultraviolet observations 
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may be expéčtéd to contribute to the solution of this problem, 
as well as to our understanding of QSOs and active galactic 
nuclei. ` 
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Global sea-level changes which would result from an 
instantaneous uniform thinning of the possibly unstable West 
Antarctic ice sheet are calculated and found to be non- 
uniform. At locations distant from the ice sheet (Hawaii, New 
York, the North Sea), immediate submergence would be 
followed by gradual. emergence. At New Zealand, immediate 
submergence would be followed by gradual additional sub- 
mergence, then slow emergence would begin after 2,500 yr. At 
locations close to the ice sheet (Cape Horn, the Ross Ice Shelf), 
the sea level would fall for 1,100 yr. then rapid submergence 
would start resulting manet sea-level rise after 10,000 yrequal 
to about 92% of the average global rise. 


IT ıs commonly believed that the rise ın sea level due to a glacial 
melting episode ts uniform everywhere. That is, the observed sea- 
level rise, S, due to the melting of a mass of ice M, is S=_M,/p,A 
with py the density of water and A the area of the oceans. This is 


wrong fecais the ocean floor deforms under the weight of the 
changing i ice and’ water loads and the ocean surface (the geoid) 
distorts as mass is redistributed on the surface, as well as within, the 
Earth. The observed change in sea level 1s the change ın separation 
between the geoid and the ocean floor and Farrell and Clark! show 
that, when glaciers melt, the change in separation between these 
dynamic surfaces is not constant. We use their method in this 
analysis to predict changes in sea level which would result from 
melting (or accretion) of a uniform amount of ice from the 


relätvely unstable West Antarctic ıce sheet. 


Instability in the West Antarctic ice sheet 


The West Antarctic ice sheet (WIS), that portion of the Antarctic 
Ice sheet lying in the Western Hemisphere and mostly east of the 
Transantarctic Mountains, was shown to be grounded extensively 
below sea level by seismic studies completed before 1961 (ref. 2) 

Weertman? has shown that, such mamne ice sheets are not 
inherently stable, and Hughes* has discussed several lines of 
evidence which indicate that WIS has disintegrated extensively 
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Fig.1 The marine portion of the West Antarctic ise sheet (WIS) lies 
in the Western Hemisphere east of the Transantarctic Mountains Its 
approximated for purposes of the numerical calculation by the area 
within thedashed line. The global sea-level changes which would result 
from a uniform thinning of the ice within this area are calculated. 


since 10,000 yr BP, and has suggested that the process may be 
continuing. 

Denton and Borns’ found that grounding of WIS in the vicinity 
of McMurdo Sound occurred before 47,000 yr BP Following 
expansion, WIS remained grounded to the edge of the continental 
shelf until about 18,000 BP (ref. 5) (G. H. Denton, private 
communication) and then began retreating. WIS ungrounded 
once again in the McMurdo area by 6,000 yr BP (ref. 6). Thomas’ 
also suggests that accumulation rates near the West Antarctic ice 
divide imply continuous thickening of the WIS interior until 
2,000 yr BP when thinning started, possibly as a delayed response 
to retreat of the grounding line. 

Recent survey measurements made by Thomas’ on the Ross Ice 


Shelf indicate that part of the WIS grounding line may be. 


advancing. If this is the case, the disintegration may be reversing, 
and WIS may now be expanding. The apparent inability of WIS to 
attain a state of equilibrium accords with the theory? that predicts 
amarineice sheet will be stable only after advancing to the edge ofa 
continental shelf, or until water at the margin reaches a critical 
depth. 


Fig. 2 Sea level changes everywhere 
immediately after a umform thinning 
of WIS are shown as per cent of 
average global sea level rise (volume of 
water added to ocean—ocean area). 
The non-uniform distribution of sea 
level change is caused by the Earth’s 
immediate elastic response to changed 
ice and water loading, plus the change 
in gravitational attraction exerted by 
WIS on the surrounding ocean. (The 
100% contour corresponds to the 
0.69 cm average oceanwide rise which 
would result from uniform thinning of 
WIS by 1 m. 
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The model 


The Earth is assumed to be a spherically symmetric, layered, self- 
gravitating, Maxwell viscoelastic solid. The elastic structure is that 
of a Gutenberg-Bullen Earth model with a uniform mantle 
viscosity of 10?* P and an inviscid core. Such a model has been 
suggested by others®:!° to closely approximate the real Earth. 

The procedure, thoroughly described by Farrell and Clark? uses 
a Green function, G(r—ro, t—1), calculated by Peltier® for the 
above Earth model. This Green function gives the effect of a 1-kg 
point load placed on the Earth’s surface at position r and time t 
upon relative sea level s at some other position ro and some later 
time t. To determine the relative sea-level change resulting from a 
distributed load that varies through time, consider the load to bea 
collection of point loads and add the effects of each. The relative 
sea-level change is then 


Art) = {( ff Gr — ryt - Durada) dt (1) 
\Load 


with L the surface load function. The load 1s comprised of a water 
load (L,,), and an ice load (ZL) so that 

L=L +L, = pistol (2) 
with p, the density of water, p; the density of ice, and / the ice 
thickness. Furthermore, the Green function can be separated into 
a time-independent elastic part (Gg) and a time-dependent viscous 
part (Gy) 


G = GtG, (3) 
Substituting equations (2) and (3) into equation (1) gives 
Kyd = Y Gr — rp, (rt) dr 
+ ff G(r — ro) pl dr 
Ice 
+ {( Ü GO — ryt — Lt) dr (4) 
Ya ` Lond 


The last term in equation (4) describes the time dependent viscous 
response of the Earth (the ‘isostatic’ response) to past ice and water 
load changes and the second term accounts for the immediate 
elastic responsé of the Earth to changing ice loads. The first term in 
equation (4) describes the Earth’s elastic response to water load 
changes. Because s appears on both sides of equation (4), it is an 
integral equation describing a feedback process where meltwater 
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Fig- 3 Sea leve! changes everywhere 
l, 








deforms the Earth and then flows to fill the resulting depressions in 
the ocean surface. This changes the water load and the process is 
repeated until equilibrium 1s attained. Equation (4) can be solved 
numerically, with realistic ice and ocean configurations, for the 
relative sea level change at any location and at any time. 

The ice thinning model is a simple one in which 1 m of ice 1s 
umformly removed from the entire WIS (see Fig. 1) The 
oceanwide average sea level rise, S,1s then 0.69 cm The rheological 
model 1s linear and so a doubling, for instance, of our assumed 
amount of uniform thinning results in a doubling of the predicted 
sea level changes everywhere Furthermore, if WIS should thicken 
by 1 minstead of thinning, the predicted sea level changes would be 
identical ın magnitude but opposite in sign to those given below. 
Our results are, therefore, quite general. 


Fig. 4 Sea level change against time at six selected locations, for 
10,000 yr following the assumed uniform thinning of WIS. At New 
Zealand, immediate submergence nearly equal to the average global 
rise is followed by continued submergence for 2,500 yr. Shght 
emergence follows. 10,000 yr later, net submergence is 120% of 
average global mse At Hawan, New York and the North Sea, 
immediate submergence of 125% to 110% 1s followed by emergence of 
15% to 13%. At Cape Horn and near the Ross Ice Shelf, the sea level 
actually falls by 8% and 40%, respectively Emergence continues for 
about 1,200 yr, after which sea level begins torıse After 10,000 yr, net 
submergence 1s about 92% of average global rise 
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O yr after the assumed uniform 
thinning of WIS, again shown as a 
percentage of average oceanwide rise. 
The new distribution of values results 
from gradual flow of matenal within 

the Earth’s mantle. 


Results 


The results are given as the changes in sea level which would be 
caused solely by thinning of WIS. Tectonic effects and effects due to 
changes ın glaciers elsewhere are not included All reported values 
are in per cent of S, the oceanwide average sea level change. 

Figure 2 shows changes in sea level everywhere immediately 
after the ice has melted. On Hawaii, for example, sea level rises 
125% of S (1.25 x 0.69 = 0 86cm for the 1 m thinning case), while 
near the Ross Ice Shelf, the negative values indicate that sea level 
actually falls by 40%. This fall in sea level occurs despite the fact 
that water was added to the ocean; it is caused by the combined 
effects of immediate elastic uplift of the ocean floor near the 1ce 
sheet’! and reduced gravitational attraction of the ocean water by 
the ice mass'?"!3 Only along the 100% contour does the observed 
sea level rise equal the oceanwide average nse, S 

After the Earth’s immediate elastic response, viscous flow of 
material within the mantle slowly compensates for the new 
distribution of ice and water loads. Figure 3 shows the distribution 
of sea level changes (relative to present sea level) after 1,000 yr have 
elapsed. The sea level change at Hawaii is now only 116%, 
indicating that after the initial dramatic rise of 125% sea level 
slowly falls by 9%, resulting in slight emergence. In the extreme 
South Atlantic, however, where sea level rises only 50% initially 
(Fig. 2), Earth relaxation results in continual submergence so that 
after 1,000 yr sea level has risen to 100% of S. Figure 4 shows sea 
level change against time at six localities (New Zealand, Hawau, 
New York, the North Sea, Cape Horn, and the Ross Ice Shelf) for 
10,000 yr following the single ice-melting incident. For the North 
Sea, New York, and Hawaii, the sea level against time curves are 
similar ın form, although slightly different in magnitude. Im- 
mediate submergence exceeding 100% of S 1s followed by slow 
emergence of only a few per cent of S. The predicted change in sea 
level on New Zealand is different because slow submergence, 
rather than emergence, occurs after the initial rapid rise of sea level. 
After 2,500 yr New Zealand also emerges slightly. Sea level falls at 
Cape Horn and the Ross Ice Shelf until 1,100 yr after the ice 
melting episode, then dramatic submergence occurs, drowning the 
present day beaches after 1,500 yr (at Cape Horn) and 3,400 yr 
(near the Ross Ice Shelf). Regions now under WIS will witness a 
continuing fallin sea level reaching magnitudes of up to — 700% of 
S. 


Conclusions 
Sea level changes corresponding to future changes in the West 


Antarctic ice sheet wıll be affected by (1) changes in gravitational 
attraction exerted by the ice sheet on the surrounding ocean, (2) the 
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Farth’s immediate elastic response to changed ice and water loads, 
and (3) the Earth’s long-term response due to viscous flow within 
the mantle. Ifa uniform amount of ice was removed from WIS, the 
combined effect of these three processes would result ın a non- 
uniform sea level change immediately afterwards ranging from 
+125% of the average global nse at Hawaii to — 40% of the 
average rise near the Ross Ice Shelf, Antarctica. 
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Organic matter is modified by several processes operating at 
different depths during burial diagenesis: (1) sulphate 
reduction; (2) fermentation; (3) thermally-induced decar- 
boxylation, and so on. CO, one common product of each, 
can be distinguished by its carbon isotope composition: 
approximately (1) —25%o, (2) +15 %o, (3) —20% relative 
to PDB. These values are preserved in diagenetic carbonates 
of the Upper Jurassic Kimmeridge Clay. Independent corro- 
boration of the relative dominance of each process within 
specific depth intervals is given by the isotopic composition 
of incorporated oxygen which is temperature dependent (1) 
0 to —2%, (2) —1.5 to —5%, (3) —3.5 to —7.0 ho. 





A BELATED recognition of the potentially disastrous supply/ 
demand situation for liquid hydrocarbons has reawakened 
interest in organic matter maturation processes in sediments. 
Much emphasis is placed on thermally-induced reactions but 
little on several other processes which equally affect source rock 
potential. These are more important at shallower burial depths 
and also lead to diagenetic cementation which can affect both 
hydrocarbon migration and reservoir properties. 

Curtis recently! proposed that several different depth-related 
zones could be recognised within burial sequences and that 
kinetic controls (notably rate of burial) dictated the relative 
importance of each zone in determining the extent and style of 
diagenetic modification. 

Figure 1 represents an order-of-magnitude model for depth 
zonation with particular reference to the generation of carbon 
dioxide. Note the nonlinear depth scale which exaggerates the 
depth span of shallower zones. Bacterial processes dominate in 
zones I, I and II. Carbon dioxide is one product of organic 
matter degradation in each with the following equations 
indicating the nature of each overall reaction: 


CH,0+0, -> CO,+H,0O ® 





2CH,O+S0,?- > 2CO,+S*-+2H,0O ay) 


2CH,0 —> CH,+CO, (mI) 


The boundary between zones I and II is determined by the 
extent of downward diffusion of dissolved molecular oxygen 
from overlying waters and the lower limit of zone II by down- 
ward diffusion of sulphate (we shall here restrict the discussion 
to fairly rapidly deposited marine mudstones containing 
abundant organic matter and within which sulphate reduction 
almost invariably occurs). Fermentation starts as soon as 
sulphate reduction stops (possibly because the bacteria cannot 
tolerate dissolved sulphides) and presumably continues until 
prevented by either high temperatures or exhaustion of suitable 
organic substrate. The rate of production of carbon dioxide 
within each zone decreases with depth due to diminishing 
oxygen, sulphate and substrate quality respectively. 

Zone IV is less clearly defined with respect to depth or 
process. One well documented reaction is decarboxylation: 


R.CO,H —> RH+CO, (IV) 


The rate of this (and similar) abiotic reaction presumably 
increases with rising temperature and then slows as suitable 
molecules are exhausted. Oxidation by detrital ferric com- 
pounds also must cause organic matter degradation: in Fig. 1 
this is depicted to be relatively important at shallow depths 
where pyrite forms from reactive soil sesquioxides and again at 
greater depths where higher temperatures promote reduction of 
less reactive detrital phases. 

The carbon dioxide produced by all these reactions dissolves 
readily in porewater to increase bicarbonate concentrations. Its 
carbon isotopic composition, however, must be anticipated to 
be very different from that of marine reservoir bicarbonate 
(~ O%oppp) since the source in each case is organic matter 
(~ —25% pps). Bacterial oxidation and sulphate reduction 
seem to impose little fractionation such that very light 
bicarbonate is to be anticipated. There is some evidence? for 
believing that decarboxylation produces somewhat heavier (but 
still light) carbon dioxide. We have found no information 
relating to fractionation during oxidation by ferric compounds 
and have assumed that none occurs. Fermentation, however, 
imposes an extremely large fractionation? with bacterial meth- 
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ane values of —75% pps commonplace‘. Consequently, carbon 
dioxide produced in this reaction must be heavy and, in the 
absence of accurate information, we estimate something of the 
order of + 15%; certainly positive. 

As sediments are buried, therefore, they pass successively 
through different zones within which organic matter is being 
altered and carbon dioxide produced. Bicarbonate activities 
sufficient to cause carbonate super-saturation are unlikely to be 
reached in zone I because of upward diffusion into depositional 
waters, but below this zone these levels are probable. The inter- 
esting feature is that carbonate precipitated from zone L should 
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be very light. There should then be a rapid and dramatic change 
to very heavy carbonates in zone IN and then a less dramatic 
return to lighter values as fermentation becomes less important 
and decarboxylation more important into zone IV: It should be 
noted that unstable primary carbonates (1C ~ O%sppn)'might 
dissolve and add carbon of intermediate isotopic composition 
to the porewater reservoir in which case the above trends might 
be blurred. - i À 
Kimmeridge Clay .- a 
The onset of Kimmeridge Clay sedimentation marks a period of 


Table 1 Isotopic composition and inferred temperatures and depth of precipitation, Kimmeridge carbonates 


Sample description No. 5**Opps 81? Cpps T(CO* TaCC)t Depth (m)t 
j j ‘Primary’ coccolithic limestones 
846 —2.88 —0.35 ` 24.3 ‘ — e 
862 —2.92 —0.48 24.5 — 
875 —2.60 —0.56 23.0 — 
` 879 —3.52 —0.45 27.4 i — T 
881 —3.17 +0.28 ‘25.7 5 — 
883 —3.28 —0.50 "26.2 | = 
887 —2,99 —0,57 24.8 — 
Coccolith-rich carbonates 895 —3.45 —0.35 27.0 — 
896 —3.65 +0.08 28.0 — 
897 —3.73 +0.65 28.3 - — ; 
898 —3.39 +0.39 26.7 — f 
948 —3.47 —0.25 27.1 — 
953 , —3.42 —0.60 26.8 — 
955 —3.14 +0.84 25.6 — 
997 —3.56 . —2.21 . 27.5 — 
998 —3.85 —0.85 28.9 ‘ — 
Diagenetic calcite nodules 
Rotunda nodule 1001 —0.74 —15.12 15.0 i ' : ' 
centre 1002M —1.46 —15.02 - `18.0. . ; . i 
‘Rotunda nodule base 1002B . , —0.17 —15.27 12.7 .. : 10t 
Ga o top 817T —0.80 —17.50 `~ 15.2 . 
Blackstone nodule centre 817M —1.28 —15.74 17.2 
base 817B —2.91 —14.57 24.5 ? 2? 


' , + ———_—_—————————— ee 
ee a aaaaaamasaaaaaamħŘħĖŐ— 


Dolomitic/ankeritic cementstones 


*T calculated for water, 8O = —1.24,. 
{fs calculated for water, 5°O = —4.9%,. 


y 


Mean 15.6 (excluding 817B) 


915 —3.30 +0.32 44.3 23.4 290 

911 —4.05 —0.86 49.1 © 27,3 430 

909 —3.56 +0.52 46.0 24.7 | 335 

903 —3.59 —0.97 46.1 24.9 340 

top 897 —4,54 —2.16 52.3 29.9 . 520 

centre . 866 —3.32 —0.53 44.4 23.5 290 

base 865 —3.78 —1.08 47.4 25.9 380 

j top ' 853 —3.35 +0.59 44.6 23.7 - 300 

' ‘Basalt Stone’ band centre 852 —2.99 +1.32 42.4 21.9 235 

A base 851 '—4,22 —2.68 50.2 28.2 460 

top 749 —4,73 —3.02 , 53.6 : * 30.9, 555 

‘Grey Ledge’ band ,' centre 748 —3.80 +1.79 47.5 26.0 380 

base 747 — 4.64 —3.53 53.0 30.4 540 

: top 699 ’ —2.17 +6.20 37.4 18.0" 95 

‘Cattle Ledge’ band centre 698 —2.87 +5.44 41.6. 21.3 . 215 

base 697 4.81 —4,21 54.2 31.4 575 

: top 649 —3.38 +2.30 44.8 23.8 395 

S “Yellow Ledge’ band centre 648 —1.64 +9.28 34.4 15.6 10 

base 647 —4.79 —3.59 54.0' 31.2 565 

604 —5.70 —4.42 60.3 - 36.4 755 

603 —5.79 —5.54_ 61.0 36.9 710 

602 —5.35 —4,16 57.9 34.4 680 

i top 599 — 6.42 —5.46 65.5 40.7 905 

‘Nine Inch’ band base 598 —4.97 ` —6.38 55.3 ` 32.2 605 

top 549 —6.42 —5.31 65.5 40.7 905 

‘Maple Ledge’ band centre 548 `. —5.50 — 3.03. 58.9. 35.2 710 

base 547 —6.28 —5.09 64.5 39.8 . 875 . 

top 499 — 5.83 —2.06 61.3 37.2 780 

“Washing Ledge’ band centre 498 —6.46 —4.21 65.8 40.9 » 915 
base 497 —4.83 —0.88 54,3. 31.5 580 i 

top 449 —2.66 -< +7.96 40.4 20.3 180 

‘Flat Stone’ band centre ` 448 —3.13 ` +6.14 43.3 22.6 | 260 

r4 base 447 - —6.08 —4.47 63.1 38.6 830 i 
I a A 


Depth values caculated assuming: temperature at base of sulphate reduction zone 15.6 °C. Depth of base of sulphate reduction zone 10 m. 


Thermal gradient 28 °C per km. No values given for primary (surface water) precipitation carbonates. 


i 
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marine transgression and water deepening over much of Western 
Europe. This has been linked with widespread tectonically- 
induced subsidence’. The sediments consist of uniform clays 
and shales, mostly organic rich, with occasional cementstones 
(dolomitic calcilutites) and siltstones. The Dorset Coast section 
is some 500 m thick and reflects a relatively deep basinal area 
within widespread epicontinental seas. The section is generally 
organic rich and a few horizons have been mined as oil shales. 
The Kimmeridge Clay is widely believed to be the principle 
source rock for North Sea oil. 

Cementstone horizons of great lateral persistence are common 
in the Dorset Coast section, especially in its lower part. Many of 
these have been given local names? which are included in Table 1, 
column 1. Discrete diagenetic carbonate nodules also occur and 
these too were sampled. In the upper part of the succession a 
third distinctive carbonate sediment is found as bands of 
impure (organic-rich) chalk, referred to as ‘coccolithic lime- 
stones’. In all, 57 carbonate-rich samples were taken. Sample 
numbers (Table 1, column 2) reflect relative position within the 
sequence. 

This sequence is entirely marine, relatively rapidly deposited, 
organic rich and contains much carbonate, some of which is 
undoubtedly of diagenetic origin. It also is sulphur rich (diagene- 
tic pyrite and sulphur in organic compounds). It therefore 
should be a good place to test the reality of the zonal model 
outlined in Fig. 1. 


Experimental procedures 

Thin sections (very thin in the case of particularly fine-grained 
rocks) were prepared from each carbonate sample and 20-50 g 
crushed for analysis. Chemical (after Pearson?) and X-ray 
diffraction data were obtained for most samples and these 
results will be discussed in detail elsewhere. 

The vast majority of samples fall into just three classes. The 
cementstones consist mostly of fine-grained mosaics of inter- 
locking crystals euhedral to subhedral in outline. The carbonate 
phase ranges in composition between (Cao.s1s M&o-230 F€o.117)CO 3 
and (Cao.ssa M&o-ses Feo-os2COs. Strictly, the iron-rich samples 
are ankerites, and the iron-poor samples ferroan, dolomites. 
dip, Varies between 2.898 A and 2.909 A. For simplicity this 
phase will be referred to as dolomite below. 

The coccolithic limestones are all fairly pure calcites, ranging 
between (Cao.e72 MBo-002 Fey-o2)CO; and (Cao.os9 Mgo-ooa 
Fep.907)COs with dio, between 3.032 A and 3.035 A. In thin 
section, elongated lenses of coccoliths are separated by organic- 
rich laminae. Bioturbation and small scale cross lamination 
(ripples ?) are not uncommon. 

The nodules consist of fine-grained microsparite calcite 
(diy 3.0206 A to 3.0213 A). Considerable Mg?+ and/or Fe*+ 
substitution is indicated. Pyrite is common in the Blackstone 
nodules which also show late calcite veins (817 V). Rotunda 
nodules often enclose ammonites. 

For isotopic analysis, carbonate powder samples were washed 
with 1% sodium hypochlorite solution® to remove organic 
compounds which can interfere with accurate isotope ratio 
determinations’. Carbon dioxide was prepared from about 
10 mg of the treated sample by reaction with 100% phosphoric 
acid at 25.0°C using a method similar to that described by 
McCrea. Pure calcite samples had reacted completely in 2h 
whereas dolomites required about 36h. 

Carbon dioxide was analysed with a Micromass 602-C mass 
spectrometer and the raw data corrected using the methods of 
Craig" and Deines!*. All samples were analysed with reference 
to carbon dioxide from a calcite standard prepared at the same 
time. Consequently, oxygen isotope ratios for dolomites were 
recalculated to compensate for a different fractionation factor 
for acid decomposition (assumed to be that for pure dolomite, 
1.01110, ref. 13). The appropriate factor for calcite is 1.01025. 
Data for both oxygen and carbon are presented in the normal & 
notation with reference to PDB standard in Table 1, columns 3 
and 4. 
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Fig. 1 Introduction of diagenetic CO, within different 
diagenetic zones. 


The oxygen isotopic equilibrium fractionation between a 
carbonate and water is a function of temperature. For calcite 
the relationship is given by 


T = 16.9—4.21 (8,—84)+0.14 (5.—5y)* 


(ref. 14) where (5.—5,) is the measured difference in 5**O 
between calcite and water and is used here in the same sense as 
originally defined by Epstein er al.1. But there is much con- 
troversy about the precise extent of the fractionation between 
dolomite and water. The extrapolation of high temperature 
experimental data}*2” to 25°C suggests that dolomite should 
be 5-7% heavier than coexisting calcite. This contrasts with 
some measurements which show that coexisting sedimentary 
dolomites and calcites have similar isotopic values**?*. Low 
temperature experimental precipitation of protodolomite’* 
shows that it should be approximately 3%, heavier than co- 
existing calcite. This value is intermediate between other 
estimates and can be considered to correspond reasonably to 
the probable conditions of precipitation of Kimmeridge 
dolomites. The expression given below is calculated from the 
original data 


T = 31.9— 5.55 (8a—8y)+0.17 (Sa— öy)? 


No account has been taken of possible slight isotopic fractiona- 
tions due to iron substitution in the dolomite lattice. 

An isotopic composition of — 1.20%, the value for pre-glacial 
oceans (Shackleton and Kennett) has been assumed for both 
seawater and porewater. The isotopic equilibrium temperature, 
T, for each sample is listed in Table 1, column 5. 


Discussion 

Figure 2 is a plot of 8!Opps against 5!*Cppx. Two precipitation 
temperature scales are given, one for calcite and one for 
dolomite (cementstones). The isotopic composition of the 
coccolith limestones is very much that to be expected for 
precipitation from marine reservoir bicarbonate in warm 
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Fig.2 Plot of oxygen isotope ratio against carbon isotope ratio 

for all samples. Triangles represent diagenetic calcites, squares 

diagenetic dolomites and circles coccolithic calcites. The two 

temperature scales relate to different fractionations of dolomite 
and calcite with water of òO = --1.2%,. 


surface waters (6!°C ~ zero, 1O ~ ~— 3.3% corresponding to 
approximately 26 °C). Bearing in mind that some of the samples 
contain minor diagenetic carbonate, the range is small. 

The nodular calcites show very different isotope ratios with 
64C ~ —16% and &O --0.8%, corresponding to a much 
lower precipitation temperature T ~ 15 °C (exception sample 
817B). These values lie well outside the range of all other 
samples. It seems reasonable to suggest that they precipitated 
not far below the sediment/water interface largely from carbon 
dioxide produced by sulphate-reducing bacteria (zone II, Fig. 1). 
The involvement of these bacteria during concretion develop- 
ment has been discussed by Raiswell?!. The thermal gradient 
within marine depositional waters is in the reverse direction to 
that within buried sediments: the sediment/water interface must 
lie close to the temperature minimum within the total water 
plus sediment column. The presence of pyrite in these samples 
has already been noted. 

The cementstones are remarkable for their wide range of both 
carbon and oxygen isotopic ratios. Carbon ranges from very 
heavy to light and oxygen isotope ratios indicate precipitation 
temperatures from 34 °C to 66°C. Most remarkable of all is 
the very strong correlation between the two sets of data: 
heaviest carbonates being precipitated at the lowest tempera- 
tures. The obvious first interpretation is that these carbonates 
started to precipitate at some depth below the sediment/water 
interface from porewaters supersaturated with 'C-rich 
bicarbonate and that precipitation continued to much greater 
burial depths where porewater bicarbonate was very much 
poorer in "C, in fact enriched in }2C relative to marine reservoir 
bicarbonate. All these data can be matched easily with the 
zonal model in Fig. 1. The lower temperature dolomite samples 
precipitated near the top of zone HI where fermentation 
processes introduced '*C-rich bicarbonate from organic matter. 
The gradual and systematic changeover to !°C-rich carbonates 
with depth of precipitation reflects the increasing importance of 
abiotic oxidation and decarboxylation reactions relative to fer- 
mentation downwards through zone ITI into zone IV. Although 
some cementstones contain minor calcite and it is possible that 
some primary calcite dissolved to contribute bicarbonate to the 
porewater pool, the observed trend is so well developed that we 
are forced to conclude that bicarbonate derived from organic 
matter was the principle source for both cementstones and 
nodular calcites. 

From this discussion we feel that the isotope data obtained 
strongly support the view that distinctive depth-related zones 
of diagenesis, as shown in Fig. 1, persisted within the sediment 
column during Kimmeridge times. This work underlines the 
importance of diagenetic reactions being responsible for 
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significant modification of organic matter and the production 
of massive amounts of carbonate cement. There remains the 
intriguing and possibly important prospect of being able to 
determine the depth of precipitation assuming a particular 
thermal gradient. 

The precipitation temperature data (Table 1, column 5 with 
the exception of Sample 817B) indicate a considerable break 
between zones II and IH. For a thermal gradient of about 30 °C 
per km this implies that bacterial fermentation first becomes 
important at depths of the order of 700 m. This is at variance 
with the proposition that the onset of fermentation is simply 
precluded by the activities of sulphate-reducing bacteria. There 
are, however, at least two reasons for doubting the reality of this 
large break between zones II and III. 

As mentioned above, there is some uncertainty in the cali- 
bration of dolomite/water fractionation as a function of 
temperature (especially as the effect of iron substitution is 
unknown). If, for example, the value for dolomite were the 
same as that for calcite, as suggested by some evidence!®! 
then the break would not exist. Using experimentally-derived 
calibrations'*}" would, of course, increase its magnitude. We 
do not think, however, that calibration uncertainties alone 
could account for the scale of the temperature/depth break. 

There is a more compelling argument for doubting the reality 
of the break which also reconciles experimental and geological 
evidence. The major isotopic effect of diagenesis on porewater 
is depletion of }8O associated with formation of diagenetic 
minerals enriched in that isotope. This applies to clay minerals 
as well as carbonates. The main accompanying physical effect 
is reduction of pore space and upward expression of water. At 
depth one would expect diagenetic minerals to be formed in 
equilibrium with isotopically light modified connate water. 
Measurements on porewater in samples recovered from the 
Deep Sea Drilling Project??:?3 show a systematic reduction of 
6*O with depth to a maximum of 3%, at 300m. This was 
attributed to digenetic reactions. This depletion should prevail 
at all depths below a mixing zone open to the effectively infinite 
seawater reservoir, The Kimmeridge sediments were probably 
deposited much more rapidly than those referred to above such 
that the ‘mixing zone’ was relatively limited in extent and 
effective for a shorter time with respect to any individual 
sediment unit. It should be noted that enrichment of +O in 
formation waters by exchange with isotopically heavy rocks** 
is a quite different effect from that produced by precipitation 
of diagenetic minerals. 

A useful if very simple model which incorporates these 
effects can be constructed if certain assumptions are allowed. 
The downward limit of sulphate reduction is controlled by 
diffusion (see above): this limit thus crudely approximates to 
the boundary between open access to depositional water above 
and a closed system below. If we assume that the lowest 
temperature (shallowest) dolomite sample (No. 648) formed 
immediately below the sulphate reduction zone, then it would 
have precipitated at a similar temperature to nodular calcite 
(average 15.6 °C). The 8"O value of water in equilibrium with 
dolomite at this temperature is ~— 4.9%. This figure can be 
thought of as the net depletion, caused by diagenetic processes 
in the burial column. To simplify the calculation we assume that 
the expressed water maintained this value throughout the upper- 
most 1 km of the sediment column and then changed abruptly 
to —1.2%, at the sulphate-reduction zone. 

Precipitation temperatures for the deeper diagenetic carbon- 
ates were calculated on this basis. These values, T4, are given in 
Table 1, column 6. This approach, of course, is a gross over- 
simplification since there will be variation in 810 with depth 
below the mixing zone boundary. It nevertheless represents a 
reasonable first approximation. By assuming the temperature of 
the base of the sulphate-reduction zone is 15.6 °C, its depth to 
be 10 m and a thermal gradient of 28 °C per km (a value used 
in ref. 1), precipitation depths can be calculated and these are 
listed in Table 1, column 7, In Fig. 3, the various carbonate 
samples are plotted as 5'°C against precipitation temperature: 
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Fig. 3 Plot of calculated precipitation temperatures for 
Kimmeridge carbonates against carbon isotope ratio. ‘Primary’ 
carbonates are shown associated with depositional waters, 
diagenetic carbonates with sediment porewaters. Precipitation 
pathway is indicated showing passage through zone H {sulphate 
reduction) to zone IHI (fermentation-heavy C) to zone IV at the 
base where light carbon isotope ratios are again encountered. 
For discussion of porewater isotope composition and precipita- 
tion depth estimates see text. Symbols as for Fig. 2. 


T for calcites, Ta for dolomites. Coccolithic limestone samples 
are plotted separately since they formed within the depositional 
environment. 

Estimates of burial depths for precipitation of diagenetic 
dolomites suggest values ranging to 1 km. This means that all 
these carbonates precipitated: relatively early during diagenesis 
and almost certainly predated liquid hydrocarbon formation 
or migration. The trend: depicted in Fig. 3 represents a time 
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sequence for precipitation of carbonates at any particular 
sediment horizon. Carbonates precipitated from depositional 
waters obviously constitute the first component. Shortly after 
burial sulphate reduction may promote precipitation of early — 
diagenetic carbonate, very rich in 1°C and reflecting low tem- 
perature’. The next carbonates to form will do so at similar: 
temperatures but will have extremely different carbon isotope 
ratios with 13C enrichment in consequence of fermentation 
reactions. Thereafter, successively later carbonates will: reflect 
higher precipitation temperatures and the increasing influence 
of abiotic and decarboxylation reactions (°C-rich: bicarbonate 
input). Siep DTE : 
Work in hand involves extension of the investigation to later 
(deeper) precipitated carbonates in sandstones as well a 
mudstone sequences. It is hoped to improve the calibra 
depth/temperature scales as better models and. ne 
become available. oe oe 
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The flavin nicotinamide biscoenzymes Fl ~C3-Nic* and 
HyFlig-Cy-Nic* assume extended conformations in the 
solid state. In both derivatives the nicotinamide and flavin 
groups associate through hydrogen bonding. The bending 
angle of the reduced flavin moiety is less than half that in any 
previously reported 1,5-dihydroflavin structure. This effect is 
apparently due to ring stacking interactions. 





REDUCTION of a flavoenzyme by NADH is the primary step in 
many important biological oxidoreduction processes. Interactions 
between flavin and nicotinamide species of differing oxidation 
states have been described in several such flavoenzyme catalysed 
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reactions'. Complexes composed of reduced flavin and oxidised 
nicotinamide have been characterised as charge-transfer com- 
plexes by spectral criteria? as well as by the correlation of the 
energies of their long wavelength absorptions with the calculated 
lowest vacant orbital energies of their nicotinamide components’. 
Similarly, kinetic and spectral data have indicated that a kineti- 
cally important charge-transfer complex between reduced nicotin- 
amide and oxidised flavin occurs before the reduction of flavins*8. 
The geometry of thiscomplex has been proposed to be one in which 
the two ring systems are face-to-face such that the nicotinamide 
C(4) atom is opposite the flavin N(5) atom’, Flavin-nicotinamide 
oxidoreduction is then postulated to occur by hydride ion transfer 
from the nicotinamide C(4) position to the flavin N(5) position?. 
Alternately, it has been proposed that such reactions occur 
through a one electron transfer followed by the migration of a 
hydrogen atom’, Chemical evidence supporting these mechanisms 
is provided by the demonstration of direct hydrogen transfer from 
dihydronicotinamide to the C(5) position of N(5)-deazaflavin, 
both in a model system’? and enzymatically! '. 

This study was undertaken in order to visualise the associations 
between nicotinamide and flavin in their various oxidation states. 
In doing so, we have elucidated the structures of two oxidation 


HFI,.g-C3~Nic*: The anion of 
H2Fl..g-C3~Nic* generated by the ionisation of the flavin N(1) 
position. These compounds, which were originally synthesised for 
model studies of the I,4-dihydronicotinamide reduction of flavins?, 
exhibit intermolecular associations that are of potential biological 
significance. 


Experimental methods 

Fl. ~C3~Nic*:7H,O synthesis: (Fl,,~C,-Nic*)Br7~ was synthe- 
sised as previously described?:*. Needle shaped yellow crystals 
were grown by the vapour equilibration of a 10 mM aqueous NH, 
solution with a 5mM (FI,,-C;—Nic*)Br~ solution. Thin layer 
chromatography of these crystals followed by staining with 
AgNO, failed to reveal the presence of bromide ion. Hence the 


Fig. 1 


A perspective drawing of the Flox -C,-Nic* zwitterion. 
Atoms are shown as thermal ellipsoids. 
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crystals consist of the zwitterionic species FL,.-C3-Nic”. A crystal 
measuring 0.16 x 0.13 x 0.62 mm was sealed inside a thin walled 
glass capillary tube to prevent the observed disintegration of the 
crystals on exposure to air. Oscillation and Weissenberg 
photographs revealed the space group to be P2,/c. The unit cell 
parameters are a = 7.740(3), b = 23.800(12), c = 13.958(5)A 
and # = 101.93(3)°. The crystal density of 1.392 gcm~4, as 
determined by flotation in a CCl,~cyclohexane mixture, indicates 
that the contents of the asymmetric unit are 
Fla ~C3-Nic*:7H,O. 

(H2Fl,.g~C3—Nic* )NO,~-4H,O synthesis: The flavin moiety in 
an aqueous solution of (Fl,,-C,-Nic*)Br~ at pH 8.0 was selec- 
tively reduced by dithiothreitol in anaerobic conditions. This 
caused the solution to change colour from the yellow characteristic 
of oxidised flavins to dark blue-black. After a day the zwitterionic 
species HFl,ea -C,-Nic* had precipitated as black spherical 
clumps of crystallites that were unsuitable for X-ray study. These 
were dissolved at about 50°C in a minimal amount of 50 mM 
HNO, to form a dark brown solution. After several days, red 
plate-like crystals appeared. These crystals are stable in air for 
several minutes but longer exposures result in their disintegration 
and the return of the yellow colour of oxidised flavins. 

A crystal measuring 0.75 x 0.08 x 0.12 mm was sealed inside a 
thin walled glass capillary tube together with a small amount of 
0.1M Na,S,0,4 to act as an oxygen scavenger. Oscillation, 
Weissenberg and precession photographs showed the crystal to 
have triclinic lattice symmetry. The statistical distribution of the 
subsequently measured diffraction data indicated that the space 
group of the crystal was PT. The unit cell parameters are 
a = 8.068(3), b = 11.369(3), c = 14.190(7) Å, a = 77,.89(3), 
B = 88.99(4) and y = 89.12(3)°. The crystal density of 1.405 g 
cm~ 3, as determined by flotation in a cyclohexane—CCl, mixture, 
indicated the stoichiometry of the asymmetric unit to be 
(H2Fl,.g-C3-Nic*) NO,~.4H,0. 

A detailed description of the techniques used in intensity 
measurement, data treatment and structure determination for 
both of these compounds will appear elsewhere'?. For both 
crystals, reflection intensities were measured by a Picker FACS~1 
diffractometer using graphite monochromatised CuK. radiation. 
A total of 3,806 and 4,076 reflections, respectively, for 
Fla ~C3-Nic* and (H2Fl,,g~C3-Nic* )NO™ , were measured to 
the limit 2@ = 125°. Both structures were solved by the 
straightforward application of the direct methods program 
MULTAN’. In both cases all 30 non-hydrogen atoms of the 
FI-C;-Nic* skeleton appeared as the highest peaks in the E-map. 
Subsequent Fourier maps revealed the positions of the non- 
hydrogen atoms of seven water molecules in the case of 
Fl -C3-Nic* and those of the nitrate ion and four water 
molecules for (H2Fl,.g-C3-Nic* JNO, ~. 

The structures were refined by least-squares methods. Hydrogen 
atoms were located in difference Fourier maps and were sub- 
sequently also refined. Seven solvent hydrogen atoms could not be 
located in the Fl,, ~~C3~Nic* structure and, similarly, four methyl 
hydrogens and two water hydrogens were not found in that of 
(H2Fl,.g-C3-Nic* )NO, ~. The refinements converged at the final 
agreement factors of R = 0.064 based on 3,318 observed re- 
flections for Fle, —C,~-Nic* and R = 0.069 based on 2,963 observed 


ox 


reflections for (H Flea -C3-Nic *)NO,7. 


Molecular structures 

Fla-Ca-Nic*: The final atomic parameters of the structures 
together with their covalent distances and angles will be presented 
elsewhere??. Figure 1 illustrates the conformation of the 
Flas -Cy-Nic* zwitterion and presents the atomic ny nbering 
scheme. The covalent bonding parameters are mostly in Bellen 
agreement with published values of corresponding distances and 
angles in similar molecules'*~'*. The only significant exceptions to 
this are the predictable distortions of the flavin pyrimidinoid ringin 
the region of the ionised N(3)atom'*?°. The flavin residue is nearly 
planar as has been found for other oxidised flavins”. The root mean 
square deviation ofits 18 atoms from coplanarity is 0.026 A. Thatof 
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Fig. 2 A stereo diagram illustrating 
‘the packing of the Fle -C-Nic 

‘unit cell. The view is roughly along the 
d@axis with the b and ¢ axes extending 
vertically and ‘horizontally, re- 
spectively, Water oxygen atoms are 
illustrated as thermal ellipsoids. Hy- 
drogen bonds and C-H: : -O hydrogen 
bond-like interactions are shown as 
dashed and dotted lines, respectively. 
Hydrogen atoms have been omitted 

for clarity. 





the6atomsof the nicotinamideringis 0.005 A, sothis ringis planar 
to within experimental error. The amide group is oriented such that 
the’'C(7N)-N(7N) bond is trans to the N(1 N)-C(3’) bond with the 
planes of the amide group and the nicotinamide ring forming a 
dihedral angle of 1.1°. Thisnearly coplanar conformation is found 
in a majority of the known nicotinamide structures'®-1?:77. 

The propyl groupisin theall trans, fully extended conformation. 
The least-squares planes through the nicotinamide and flavin rings 
form a dihedral angle of 59.5°. . 7 

Figure 2 is a stereo diagram showing the packing of the structure 
in the unit cell. The crystal structure largely consists of broad 
bands, endlessly extending parallel to the (010) plane, that contain 
the Fl,,~-C;-Nic* zwitterions. Within these bands the flavin 
residues associate by forming endless stacks of overlapping 
parallel ring molecules. Here neighbouring molecules are related 
by centres of symmetry. The distances between the least-squares 
planes of the parallel flavin residues are 3.460 and 3.385 A, 
respectively, for the two different stacking interactions. There is no 
interatomic contact in either interaction that is less than its 
corresponding van der Waals distance. Hence these associations 
are normal stacking interactions. 

The nicotinamide residues extend alternately to opposite sides 
of the flavin stacks. The nicotinamide rings within a given band of 
heterocycles are parallel due to symmetry considerations. As can 
be seen in Fig. 2, however, neighbouring nicotinamide residues do 
not overlap. 

The only hydrogen atoms of the Fl,, “~C3~Nic * zwitterion that 
are capable of forming normal hydrogen bonds are those of the 
amide group. Of these, only one participates in a hydrogen bond 
between the nicotinamide and flavin moieties of the structure. This 
is the intermolecular N(7N)—-H(20)- - - O(4) hydrogen bond illus- 
trated in Figs 2 and 3, This interaction is flanked by an apparently 
strong intermolecular C(4N)-H(16): - -O(4) hydrogen bond-like 
interaction. Both of these interactions are unusual in that the 
nicotinamide and flavin planes are more nearly perpendicular than 
parallel to each other. Flavin atom N(5), a potential hydrogen 
bond acceptor, is 2.86 A from amide hydrogen H(20). This is, 
however, too large a distance to'be considered a hydrogen bond. 

The bands containing the Fl, —-C,-Nic* zwitterions are 
interspersed by parallel bands containing the solvent molecules. 
These are arranged in a complex hydrogen bonded network which 
also involves the hydrophilic groups of the Fl,,~~-C3~Nic* 
zwitterion, 

H,Fl,.g-C3-Nic* : Figure 4 illustrates the conformation of the 
H,Fl,,g-C3-Nic* ion and the atomic numbering scheme. The 
covalent bonding parameters are in reasonable agreement with 
. the corresponding values reported for other 1,5- 
“sodihydroisoalloxazine derivatives. . : 
-o The eight atoms of the pyrimidinoid group and the six atoms of 
the benzenoid ring of the flavin moiety deviate from their 
respective least-squares planes by root mean square distances of 
0.006 and:0.012 A. Hence these rings are both highly planar. The 
reduced flavin nucleus assumes the expected ‘butterfly’ confor- 





215 














mation2? witha 12.7° dihedral angie berween the foregoing pla. 8. 
The corresponding angles in the four previously reported 1,5~di- 
hydroflavin structures range from 28.8 to 35.5° (refs 21, 24)—all 
more than twice that found in the present structure. The pyrazoid 
ring is in the usual boat conformation. 

The nicotinamide ring is also highly planar. Its six atoms deviate 
from their least-squares plane by a root mean square distance of 
0.008 A. The amide group in this ion is roughly trans to the 
N(IN)-C(3’) bond but is twisted about the C(3N)-C(7N). bond 
such that the C(2N)-C(3N)-C(7N)-O(7N) torsion angle is 29.4", 

The propy! group is folded such that the conformation about its 
C(2’')-C(3’)) bond is gauche and that about its CONCA Y bond is 
trans. The dihedral angle between the least-squares planes through 
the nicotinamide ring and the entire flavin residue is 73.4". 

Figure 5 is a stereo diagram illustrating the packing of the 
structure in the unit cell, It can be seen that the flavins associate, 


Fig. 3 A perspective drawing illustrating the hydrogen bonding 

interactions between the flavin and nicotinamide residues of neigh- 

bouring molecules in the structure of Fl,,~-C,~Nic”. Atoms are 

shown as thermal ellipsoids. Hydrogen bonds and C-H ‘0 hy- 

drogen bond-like interactions are represented by thin and dashed 

lines, respectively, and are accompanied by, their corresponding 
lengths (A). 
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Fig. 4 A perspective drawing of the HF1,.g-C3-Nic*ion. Atoms 
are shown as thermal ellipsoids 


through stacking and hydrogen bonding interactions, into bands 
of ring molecules endlessly extending parallel to the (001) plane 
Neighbouring heterocycles within the columns of stacked flavins 
are related by centres of symmetry. Their butterfly conformation 
thereby causes them to alternately fold towards and away from 
each other There are no interatomic contacts closer than van der 
Waals distances within these stacks 

Neighbouring flavins base pair across centres of symmetry in a 
manner by which flavins have often been observed to assoctate?5. 
The N(3)-H(2): - O(2) hydrogen bond length of 2.796 A is within 
the normal range for such interactions'* 

The nicotinamide residues alternately extend to opposite sides 
of the flavin stacks and are oriented such that they are nearly 
parallel to the flavin stacking axis. The nicotinamide groups are 
too far removed from one another to associate in any manner. 

The nicotinamide amide oxygen O(7N) accepts a tenuous 
hydrogen bond from the flavin N(5)-H(3) group ofa neighbouring 
H2Fl,¢g-C3—Nic* ion. This association, illustrated in Figs 5 and 6, 
seems to be quite strained. The N(5)- O(7N) and the 
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H(3): - -O(7N) distances of 3.184 and 2.53 A, respectively, are very 
long for N-H -O hydrogen bonds. The N(5}-H(3)- : -O(7) angle 
of 152° deviates significantly from the expected near linearity for 
such interactions Furthermore, although an amide group 1s 
normally expected to be essentially coplanar with an N-H groupto. 
which it 1s hydrogen bonded, flavin atoms N(5) and H(3) deviate 
2.399 and 1 98 A, respectively, from the plane of the amide group 
with which they are associated In fact, without the large 
C(2N)-C(3N)-C(7N)-O(7N) torsional angle, the foregoing hy- 
drogen bond could not be formed 

The regions in the crystal structure between the associating 
H2Fl,.g-C3-Nic* ions are occupied by the nitrate ions and the 
solvent molecules These associate through hydrogen bonded 
networks that involve the hydrophilic groups of the heterocycles. 
All potential hydrogen bonds in the structure seem to have been 
formed. 


Discussion 

Studies of the nitroalkane reduction of the FAD requiring enzyme 
D-amino acid oxidase have proven that, at least in certain classes of 
enzymatic reactions, the flavin N(5) atom ıs the position through 
which electrons are transferred? This 1s further corroborated by 
the reduction of N(5)~deazaflavin by direct hydrogen transfer to 
its C(5) position’®:**. Thus itis of terest that the flavin N(5)-H(3) 
group is hydrogen bonded to nicotinamide atom O(7N) m 
H2Fl,.¢-C3-Nic*. 

The C(4) atom of nicotinamide 1s known to be the position 
through which electrons are transferred in the biological 
oxidation-reduction reactions of pyridine nucleotides It 1s there- 
fore of note that in Flox ~—C,—Nic* the C(4N)}-H(16) group forms 
a hydrogen bond-like association with flavin atom O(4). 

The nicotinamide amide group has been shown not to be an 
essential component of NAD * in thereactions mediated by certain 
dehydrogenases*’. Rather, ıt seems that a major requirement for 
the activity of these enzymes ıs that the substituent to the 
pyridinium 3—position be a carbon atom that is double bonded to 
an electronegative atom suchas O, N or S?” Nevertheless, ıt seems 
likely that the amide group of nicotinamide serves a Specific 
function ın some vital biological process for without such a 
function it 1s expected that evolutionary processes would have 
chemically altered the amıde group ın some manner ın at least some 
organisms The similarities of the nicotinamide-flavin associ- 
ations in both structures presented here suggest that the function of 
the nicotinamide amide group during enzyme mediated reduction 
of flavin by 1,4-dihydronicotinamide may be to bind the reactive 
portions of flavin and nicotinamide together to facilitate electron 
transfer. 

The observed 12 7° bending angle of the 1,5-dihydroflavin 


Fig. 5 A stereo drawing illustrating 
the crystal structure of 
(H2Flee—C3-Nict)NO;--4H,0 ın 
relation to the unit cell boundaries 
The view 1s roughly along the c axis 
with the a and b axes extending hor- 
izontally and vertically, respectively 
Water oxygen atoms and the atoms of 
the nitrate 10n are shown as thermal 
ellipsoids Hydrogen bonds between 
heterocycles are shown as dashed 
lines Hydrogen atoms have been 
omitted for clanty 


Ee 


ye 
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moiety of H,Fl,.g-C3-Nic* is considerably less than the 32° 
average of this angle in the previously reported 1,5—dihydroflavin 
structures?/-?4 All of these latter compounds have more and 
bulkier substituents than does. the flavin residue in 
HF, .¢-C3-Nic* and hence it might seem that their large bending . 
angles are due to steric interference among these substituents. 
Molecular models of these compounds, however, reveal that such 
overcrowding 1s relieved at bending angles of the order of 10°. 
Furthermore, a similarly substituted fully oxidised flavin ıs 
observed to be nearly planar?® 





Fig. 6 A perspective drawing illustrating the hydrogen bonding 

association of the flavin and nicotinamide residues of neighbournng 

molecules in the structure of H,Fl,,.,-C3-Nic* Atoms are shown as 

thermal ellipsoids The hydrogen bond ıs represented by a thin line 
accompanied by its length (A) 


Self-consistent field molecular orbital calculations incorporat- 
ing the PRDDO (partial retention of diatomic differential overlap) 
approximation indicate that the barner for ring inversion in 
1,5-cihydrolumifiavin has a surprisingly low value of nearly 4 kcal 
mol`! (Lindner, D L, Branchaud, B, Dixon, D. A., and 
Lipscomb, W N., to be submitted) Nuclear magnetic resonance 
(NMR) measurements on several reduced flavin derivatives yield a 
larger but still relatively low value of 10 kcal mol`! for, this 
barrier?® Therefore the observation that there is considerable 
flavin/flavin stacking in the crystal structure of HF l,eq-C3-Nic* 
but very little ring overlap in the structures of other reduced 
flavins?!:24 suggests that the small flavin bending angle in 
H;Fl,,a-C3-Nic™ 1s due to the influence of stacking interactions. 

X-ray studies of flavodoxin from Clostiidium MP have shown, 
as expected, that the flavin moiety of the bound FMN cofactor is 
planar in both the oxidised?°-?! and the semiquinone*!'*? forms of 
the enzyme The flavin residue is also nearly planar in reduced 
Clostitdial flavodoxin ; its bending angles estimated to be 8.6° (ref 
31). This 1s corroborated by the essential identity of the NMR 
spectra of oxidised and reduced Closti dial flavodoxins*?.. 

It has been suggested that the constraint of a protein bound 
reduced flavin to the planar configuration enhances its reducing 
power by modifying 1ts redox potential?*:3!-3*. The nearly planar 
conformation of the flavin moiety in H2Fl,.g-C3-Nic* cor- 
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roborates this hypothesis by demonstrating the flexibility of the 
flavin bending angle. 

The red colour of (H2F!,¢¢~C3-Nic*)NO3~ crystals, ın contrast 
to the yellow colour of other crystalline reduced flavins?!:?* might 
reasonably be attributed to either a charge-transfer complex or a 


‘ spectral shift in the, reduced flavin caused by its flattening’. 


Charge-transfer interactions have been observed between stacked 
oxidised flavin molecules in the crystalline complex lumiflavin— 
2,6-diamino-9-ethyladenine?* but have not been previously 
observed between reduced flavin molecules. The most likely site for 
such an interaction in the structure of H,F!,.¢-C3—Nic* 1s within 
the stacks of reduced flavins. However, the fact that all interatomic 
contacts between reduced flavin residues are greater than van der 
Waals distances indicates that any charge transfer forces present 
would be weak at best. Likewise, the relatively small changes in the 
visible absorption spectrum of the nearly planar flavin molecule of 
reduced flavodoxin from Clostridium M P, in comparison with that 
of frée reduced FMN®*, do not account for the red colour of 
crystals of (HFl,g-C3-Nic*)NO,;~. Hence the origin of this 
colour remains obscure. 

Our study provides no evidence supporting the face-to-face 
charge-transfer complex model of flavin/nicotinamide in- 
teractions postulated on the basis of solution studies?-*. The 
absence of such associations in the structure of H2Fl,.g-C3—-Nic* 
corroborates the observation that these interactions are relatively 
weak ° This is in agreement with the assertation that the character- 
istics of charge-transfer complexes are highly dependent on the 
relative orientations of the donor and the acceptor and on the 
contribution of other weak binding forces to the total potential 
energy of the complex3”. Thus it seems likely that the formation of 
any face-to-face flavin/nicotinamide complex in aqueous solutions 
would require stabilisation by hydrophobic forces similar to those 
promoting the stacking of nucleic acid bases in’ aqueous 
solutions*®. - 

We thank W. N. Lipscomb for providing the results of the 
molecular orbital calculations on flavins before publication. This 
work was supported, in part, by grants from the US NIH (GM 
11040) and the MRL program of the NSF (DMR76—00678). 


Received 28 March. accepted 27 June 1977 


1 Massey. V & Ghrsla.S Ann N Y Acad Sci 227, 446-465 (1974 

2 Proffitt, R.T . Ingraham, L L & Blankenhorn. G Biochem konbi Acta 362, 534-548 (1974) 

> Sakurai, T & Hosoya H Biochem biophys Acta 112, 459-468 (1966) 

+Porter. D J T. Blankenhorn. G & Ingraham. L L Biochem brophy)s Res Commun 52, 
447-452 (1973) 

3 Blankenhom, G Eur J Biochem 50, 351-356 (1975), 67, 67-80 (1976) Biochemistry 14, 
3172-3176 (1975), Flarıns and Flaroprotems, Vol V (ed Singer. T P ), 261-267 (Elsevier, 
Amsterdam, 1976) 

© Bruice.T C Main. L Smith S & Bruce P Y J Am chem Sac 93, 7325-7328 (1971) 

7 Gumbley.S J & Main L Tenatedion Lett. 3209-3212 (1976) 

£ Steffens J J & Chipman D M J Am chem Soc 93, 6694-6696 (1971) 

° Bruce. T C Prog biourg Chem 4, 1-87 (1976) 

10 Brustlen M & Bruice.T C J Am chem Soc 94, 6548-6549 (1972) 


11 Fisher J & Walsh C J Am chem Soc 96, 4345-4346 (1974) 


'2 Porter D J T & Voet D submitted to Acia iri stallogr 

13 Main. P. Woolfson MM & Germain, G MULTAN A Computer Program for the eae 
Solution of Cry stal Siru tures (Department of Physics, Umversity of York, York, UK, 1971) 

14 Voet.D & Rich A Prog Nucl Acid Res molec Biol 10, 183—265 (1970) 

1t Wang, M & Fntche,C J Actd o ystallogr B29, 2040-2045 (1973) 

10, Voet D J Am chem Soc 95, 3763-3770 (1973) 5 

17 Johnson P L Maier C A & Paul. | C J Am chem Soc 98, 5370-5377 (1973) 

13 Freeman G R & Bugg.C E Acta ci tallogr B30, 431-443 (1974) 

19 Hernott J R.Cammerman A & Deranleau.D R J Am chem Soc 96, 1585-1589 (1974) 

20 Singh, C Actacri'stallogr 19, 861-864 (1965) í 

21 Kierkegaard P ef a/ in Flavins and Flavoproteims, Yol II (ed Kamen, H ) 1-22 (University 

Park, Baltımore 1971) 

ao hada ERA B & King G S D Acta crystalli 7, 283-288 (1954) 

11924)" H. Ehrenberg, A, Hemmench P & Miller, F Helr Chun Acta 47, 1354-1383 

24 Leyonmarch.M & Werner P -E Acta chem xamd 25, 2273-2290 (1971) 

25 Wang M &Fritche C L Jr Aciaciistallogr B29, 2040-2045 (1973) 

2¢ Poner DJ T Voet J G & Bright H J J biol Chem 248, 4400-4416 (1973) 

27 Anderson B M & Kaplan. N O J hol Chem 234, 1226-1232 (1959) 

28 yon Glehn M & Norrestam R Acta chem scam! 26, 1490-1492 (1972) 

29 Tauscher, L . Ghsla S & Hemmench, P Hefr chim Acta $6, 630-644 (1973) 

3° Burnett. R M etal J biol Cheni 249, 4383-4392 (1974) 

31 Ludwig, M L eral in Flavıns and Flavoproteins Vol V, (ed Singer, T P ) 393-404 (Elsevier. 
Amsterdam, 1976) 

32 Anderson, R D etal Proc natn Acad Sci U S A 69,3189-3191 (1972) 

33 James. T L,Ludwig.M L & Cohn M Proc nain Acad Sci US A 70, 3293-3295 (1973) 

H Ludwig.M L etal ‘Cold Spring Haib Symp quant Biol 36, 369-380 (1971) 

33 Scarbrough, F E , Shieh H -S & Voet, D Proc nain Acad Sci US A 73, 3807-3811 (1976). 
Acta) stallogr B33, (in the ) 

2° Ghisla. S. Massey: v. Lhone J M & Mayhew, S G Biochemistry 13, 589-597 (1974) 

27 Shfkin, M A Phy uco-Chenucal Properties of Nucleic Acrds 1, (ed Duchesne. J), 67-98 
(Academic. New York, 1973) 

38 Ts'o, P O P Fine Sirin tin eof Piotemtand Nucteic Acids(eds Fasman,G D & Timasbeff.S N ) 
49-190 (Marcel Dekker, New York, 1970) 








Nature Vol. 269 15 September 1977 











Possible regulatory function of acetylcholine 


receptor in maintenance of 


retinotectal synapses 
John A. Freeman 


Vanderbilt University Medical School, Nashville, Tennessee 37232 and National Institute for Medical Research, London NW7, UK 





a-Neurotoxins bind to cholinergic receptor, block trans- 
mission, and induce sprouting of retinal terminals in the toad 
tectum. New connections retain an orderliness that suggests a 
selective affinity between presynaptic terminals. The re- 
sults suggest that postsynaptic cells exert a control, as- 
sociated with receptors, on the growth of presynaptic ter- 
minals and on the maintenance of their synaptic connections- 





Tne effects of the presynaptic element of a synapse on the 
physiological and metabolic properties of its postsynaptic com- 
ponent have been extensively studied in several systems. But 
little is known about the influences which the postsynaptic 
element of a synapse might exert on the selection, maintenance, 
or metabolic control of its presynaptic component. Such in- 
formation might provide important insights into the molecular 
mechanisms underlying growth, repair, and the response to in- 
jury in the central nervous system (CNS). The amphibian re- 
tinotectal system provides a useful model. The retina projects 
in an orderly visuotopic map on to the tectum, where the ter- 
minals from different classes of ganglion cells form synapses in 
separate layers':*. Moreover, the optic nerve will regenerate”, 
and in doing so re-establish a nearly identical pattern of con- 
nections**, 

Functional connections require a matching between neuro- 
transmitter and postsynaptic receptor protein. Evidence has 
recently been obtained that acetylcholine (ACh) is an excitatory 
neurotransmitter in the amphibian optic tectum, and might be 
utilised by at least two different classes (I and IV) (ref. 1) of 
retinal ganglion cells. For example, (1) the retinotectal synaptic 
layers contain high levels of ACh, choline acetyltransferase, and 
ACh-esterase®; (2) tectal cells are excited by iontophoretically- 
applied ACh and synaptic responses are blocked by nicotinic 
antagonists’ ; (3) the reversal potentials for both iontophoretical- 
ly applied ACh and the native transmitter are the same, in- 
dicating similar permeability mechanisms (manuscript in 
preparation); and (4) optic nerve terminal-associated synap- 
tosomes possess a high affinity uptake system for choline, and 
also bind snake venom a-neurotoxins (J. A. F. and R. Oswald, 
in preparation), In addition, a-bungarotoxin (a-BTX) and re- 
lated polypeptide a-neurotoxins, which selectively bind to 
nicotinic acetylcholine receptor protein (ACh-R) at neuro- 
muscular junction**, also bind to synapses in the tectal neuro- 
pil”, and produce a long-lasting abolition of retinotectal 
transmission’"", Light autoradiographs using tritiated a-BTX 
reveal a distinct trilaminar distribution of receptor sites!" 
corresponding to the distribution of retinal terminals. 

These experiments were designed to determine whether 
receptor-mediated changes in transmission affecting the post- 
synaptic cell influence the growth of presynaptic terminals. 
I report here that dynamic changes in the patterns of retino- 
tectal connections occur after application of a-neurotoxins to 
tectal neurones in the South American toad Bufo marinus. The 
results, obtained by the use of a new mapping technique, sug- 
gest that the maintenance of synapses requires functional in- 
teraction between transmitter and receptor. 
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Fig. 1 Retinotectal mapping technique. Animals were immobilised 
either by spinal epidural anaesthesia (0.3 ml of 0.5% lidocaine 
in 2% sucrose) or by cooling the trunk and limbs in ice, and the 
tecta exposed, using a local anaesthetic. Spontaneous eye 
movements were eliminated by the use of a small ring held against 
the sclera. The optical axis of the eye, determined ophthalmo- 
scopally, was centred on a Tektronix 611 CRT screen on which 
were presented electronically-generated patterns whose shape, 
position and brightness were controlled by a PDP-12 computer. 
The size and position of the equivalent retina image was com- 
puted from the translation-refraction matrix of the reduced eye. 
A standardised grid of retinal loci (a) was activated covering 
140° of solid visual angle, and for each retinal locus the corres- 
ponding area of representation in the contralateral tectum was 
determined by measuring the laminar field potentials with an 
array of six microelectrodes (4), consisting of glass micro- 
Pipettes filled with toad Ringer's, whose tips (bevelled for easier 
penetration'*) were positioned 100 um apart in a 2x3 grid. 
Computer-averaged field potentials were combined with pre- 
viously determined extracellular resistivities to compute the 
three-dimensional current source density (CSD), thereby pro- 
viding a clear separation of pre- and postsynaptic responses, 
facilitating a direct comparison of maps to be made between 
different animals, or in the same animal mapped at different times. 
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Fig. 2 Laminar field potentials (a) and corresponding CSDs 
(b) generated in optic tectum at indicated depths beneath the 
surface by the turning off of a 2 spot of light. ‘Off fibres produce 
a prominent sink at a depth of 300 um, the postsynaptic com- 
ponent of which (arrow) is associated with a set of superficial 
(100-200 um) and deep (450 pm) sources drawn from radially 
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Experiments were performed in eight animals to: determine 
the normal sequence of regeneration of retinal fibres after a - 
lesion of the optic nerve. The projections of the intact optic 
nerve were first determined by CSD mapping. One optic nerve 
was then gently crushed at a distance of approximately 2.5 mm 
from the optic chiasm, and each animal, maintained at©20= 
24 C, was remapped at various times thereafter. The earliest 






Over the ensuing 2-3 weeks considerable org: i ; 
and- by 6-8 weeks after the lesion the pattern of retina) 
tions differed very little from the original pattern. 
Effect of toxin 

application on retinotectal projections 





a-BTX was applied to a discrete region of tectum by placing 
a small square of Millipore filter soaked in toxin ($x 10°" M) 





oriented tectal dendrites, The more superficial (100-150 um) 

longer latency class II fibres are also clearly localised in (b). 

Calibration pulses at beginning of field potential records: 500 pV. 

negativity upwards. Same amplitude on CSD records corres- 
ponds to: L0:mA em~”, sink upwards. 


Mapping retinotectal projections 


To detect subtle changes that might occur in the positions of 
retinal terminals, a new mapping technique was devised, in 
which the retina was stimulated visually at regularly spaced 
loci (Fig. 1). The actual tectal location of the retinal terminals 
thus activated was determined by searching the tectum with 
an array of six microelectrodes and computing the extra- 
cellular current source density (CSD) (refs 13-15). The CSD, 
obtained by computing the divergence of the field potential 
weighted by the extracellular conductivity, represents the net 
transmembrane flux in a specified volume of tissue’. For 
measurements obtained at an interelectrode spacing of N, 
the CSD localises activity originating in an interval of N/2 
(or 50 um in the present study)". 

It has recently been shown!® that an extracellular micro- 
electrode selectively records the activity of retinal terminals 
(which branch extensively, thereby providing a greatly in- 
creased extracellular current) rather than of fibres of passage, 
although it records postsynaptic activity as well. An 
additional advantage of the CSD technique is that it readily 
distinguishes between pre- and postsynaptic activity? !*). 

The following results deal primarily with class IV retinal 
terminals! (off fibres), which respond selectively to a sudden 
decrease of illumination of their receptive fields. These terminals, 
which synapse on dendrites of tectal neurones whose somas 
lie in, the central-grey strata’, occupy a compact lamina 
300 urn below the tectal surface. Their location is shown in the 
CSD records of Fig. 26... 

Separation of visually evoked potentials into pre-and post- 
synaptic components. by CSD analysis is shown more clearly 
in Fig. 3, which also demonstrates the nicotinic cholinergic 
nature of class IV retinotectal synapses. In Fig. 3a, a 107° M 
solution of «-tubocurarine was applied to the tectal surface. 
At time ‘zero’ (control), the CSD waveform computed from 
responses to visual stimuli consists of two components: an 
early presynaptic sink, followed by a postsynaptic sink pro- 
duced by dendritic depolarisation. This second component is 
gradually abolished over the next 15 min, and returns to near 
control values after 60 min. Figure 34 shows the CSD responses 
. obtained at the same location in response to electrical stimula- 
tion of the optic nerve, after application to the tectal surface 
ofa tl . 10 "M solution of a-TBX. Initially (time zero) the 
early presynaptic sink is followed by a prominent postsynaptic 
sinkwhich, however, is irreversibly abolished after 180 min. 
The toxih produced no detectable change in the presynaptic 
response. 


a l\ Z 
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Fig. 3 Abolition of postsynaptic response to ‘off’ fibres by 
nicotinic antagonists. The lyophilised venom of Bungarus 
multicinctus was purified by chromatography on SP-Sephadex 
(C-25). The peak corresponding to a-BTX was collected and 
shown to be homogeneous on polyacrylamide gel electrophoresis 
using the technique of Reisfeid er alt. An in vivo assay of 
toxicity was performed on toad sartorius muscle, using intra- 
cellular recording. A dose of 1 - 107 M caused complete loss of 
synaptic transmission within 30 min, with no discernable loss of 
presynaptic activity recorded simultaneously with a second 
extracellular microelectrode. In (a), a 10M solution of d- 
tubocurarine caused reversible block of transmission in which 
the postsynaptic component (arrow) is gradually abolished in 
15 min, but returns to near control value after 60 min. CSD 
records computed at 300 um depth, following turning off of a 3 
light spot at beginning of each record. In (b), 1 -~ 107° M -BTX 
caused irreversible block of postsynaptic response to electric 
stimulation of optic nerve (arrow). Stimulus artefact was elec- 
tronically suppressed. Average of 50 responses in (a), and 5 
responses in (6). Calibration: 5 mA cm~* in (b), sink upwards. 
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Fig. 4 Application of a-BTX to discrete region of tectum. 
A small square (approximately 700 x 700) um of a-BTX-soaked 
(5 x 10-*M) Millipore filter was placed on the tectal surface (a). 
Two microelectrodes, one (dark shadow) inserted through a 
central hole, and the other inserted at various distances from 
the edge of the filter, were used to compute current source 
densities from responses to class IV fibres activated by shocking 
optic nerve. Postsynaptic responses were blocked immediately 
underneath filter (b, right side) but were relatively unaffected 
250 um from edge of filter (b, left side) over a 4-h period. (c) 
Inhibition (relative to control value before toxin application) of 
postsynaptic responses at indicated times and positions with 
respect to one edge of filter. Lack of synaptic blockade beginning 
approximately 250 um outside of toxin-treated zone at 4 h (open 
circles) shows that little toxin diffused away from region of 
application. 


on the tectal surface. To determine the extent of spread of toxin 
applied in this manner, a small square of filter was prepared 
with a hole cut in its centre, through which a microelectrode 
was lowered as shown in Fig. 4a. In Fig. 4b, the postsynaptic 
responses to optic nerve stimulation were progressively 
abolished underneath the filter over a period of 4h, but were 
not significantly reduced outside of a region beginning approxi- 
mately 250 um from a side, presumably due to low diffusional 
mobility of toxin coupled with a high affinity of toxin-binding 
sites located under the region of application. The spatial and 
temporal spread of postsynaptic blockage produced by locally 
applied o-BTX is shown in Fig. 4c. 

In seven animals, a small square of Millipore filter soaked 
in 5x 10 M a-BTX was applied to the tectal surface two weeks 
after lesioning the contralateral optic nerve, when the re- 
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generating retinal fibres were beginning to re-enter the tectum. 
The filter was left in place for 4-5 h, its position photographed 
for later comparison, and then removed, and the animals 
were subsequently remapped at various times thereafter. 
Figure 5 shows the results of one such experiment. The map 
illustrated in Fig. 5b, obtained 20 d post-lesion (6 d after toxin 
application), shows the presence of presynaptic terminals within 
the toxin-treated zone, but otherwise has little organisation. 
By contrast, in the map obtained 14 d later (Fig. Sc), the toxin- 
treated zone lacked any evidence of presynaptic terminals, 
which instead seem to be clustered and compressed about its 
margins. Similar results were obtained from five other animals. 
On the other hand, three control animals (in which the filter 
was soaked in toad Ringer's rather than in a-BTX) mapped 
at this time, as well as another group of of four animals mapped 
20-30 weeks after toxin application, had an essentially normal 
pattern of projection with no evidence of compression. 

One explanation for these effects might be that toxin killed 
the cells in the zone where it was applied. but that they sub- 
sequently regenerated. This seems unlikely, inasmuch as 
neurones remained normally responsive to other (for example, 
diencephalic) inputs after toxin application, as shown by CSD 
analysis and single unit recording performed both during the 
early period (3-8 d) when toxin might be expected to produce 
a maximum effect, as well as at later times (2-6 weeks). A second 
possibility is that toxin prevented the formation of synapses. 
Similar experiments*":** with chronic a-BTX application at the 
myoneural junction suggest that nerve-muscle synapses can 
in fact form when ACh-R is bound with toxin (although the 
possibility that they form only after bound toxin has been 
displaced from the receptor has not been conclusively demon- 
strated). A third possibility is that synapses, initially formed 
between regenerating terminals and a-BTX-treated tectal 
neurones, failed to be maintained, and that the presynaptic 
element continued its growth in search of a surface on 
which it could form an enduring synapse. 

To test the effect of a-BTX on the maintenance of retino- 
tectal synapses, toxin was applied to the intact tectum in six 
animals, and the retinotectal projections were subsequently 
mapped at intervals of 7d thereafter. The results from one 
animal are shown in Fig. 6, and are similar to those obtained 
from the others. One week after toxin application little if any 
presynaptic activity could be elicited from the toxin-treated 
zone (Fig. 6b) and the presynaptic terminals seemed to have 
shifted position and to have compressed into the borders 
surrounding it, displacing terminals previously located there 
(Fig. 6a). As shown by CSD analysis, some aberrant terminals 
evoked postsynaptic responses, signifying the formation of 
functional synapses, although the postsynaptic response 
amplitude was quite variable and was not easily quantitated. 
Maps made two weeks later (Fig. 6c) have essentially returned to 
normal, again suggesting that a dynamic. neuroplastic re- 
ordering of terminals has occurred. 

These results show that the loci from which retinal terminals 
can be recorded change in a characteristic way after application 
of a-BTX. To account for these results. possible causes for the 
apparent sprouting, displacement, and subsequent reordering 
of retinal terminals should be considered. 


Sprouting of retinal terminals 


Several possibilities could account for the apparent shift 
in position of retinal terminals following the application of 
a-BTX shown in Figs 5 and 6, including (1), migration of 
postsynaptic cells** and their inputs; (2), unmasking of ‘silent’ 
terminals** normally present and (3), active growth (that is, 
sprouting) of terminals. The first possibility is unlikely, since 
cells in toxin-treated regions which normally receive convergent 
inputs from both retinal and non-retinal (for example, dience- 
phalic) afferents continued to respond to the latter, and were 
thus not likely to have migrated. The second possibility is also 
unlikely, since any ‘silent’ retinal terminals would have de- 
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Fig. 5 Effect of localised application of a-BTX on pattern of 
regenerating retinal terminals. Control map shown in (a), 
representing positions (computed by CSD analysis) of class IV 
retinal terminals activated by stimulation of contralateral 
retinal loci shown in Fig. Ha). Corresponding pattern of re- 
generating terminals shown in (b), 20d after lesion of contra- 
lateral optic nerve, and 6 d after application of a-BTX to region 
indicated by dashed lines. Note the presence of terminals within 
the toxin-treated zone, and the general lack of organisation of the 
regenerating terminals. Considerable order has been restored 
in (c), made two weeks later. At this time, however, the toxin- 
treated zone is almost completely devoid of terminals, which 
appear clustered about its borders. 


generated following optic nerve lesions. It is likely, therefore, 
that the results represent active growth of retinal terminals in 
response to toxin application, which as shown in the acute 
experiments of Figs.3b and 4b blocked synaptic transmission. 
Chronic. block of neuromuscular transmission with tetanus?® or 
with botulinum” toxin 'has been shown to result in sprouting 
of presynaptic. terminals, which is suppressed by implantation 
of an extra nerve?*. Together, these results suggest that the 
postsynaptic element of a synapse might exert a trophic in- 
fluence, dependent on the status of functional transmission, 
on the presynaptic element. 

Similarly, the absence of detectable presynaptic activity in 
Figs Sc and 6b could also be accounted for by terminals growing 
away from the toxin-treated zones. On the other hand, some of 
the original terminals may have remained in the zone, but 
failed to produce sufficient extracellular current to be detected 
by the CSD technique if either the number or surface area was 
substantially decreased, or if chronically applied toxin inter- 

o fered with the generation of action potentials (for example by 
binding to presynaptic ACh-R (ref. 29) or some other membrane 
‘component and altering membrane permeabilities or molecular 
structure). Chronic application of a-BTX for 10d did not, 
however, produce any detectable decrement in action potentials 
in either optic nerve or sciatic nerve. Alternatively, terminals 


m 


may have degenerated, due to some primary effect of a-BTX, 
trace amounts of B-BTX (ref. 30) (not detectable by chromato- 
graphy or gel electrophoresis), or a secondary loss of some 
required trophic factor. A recent?! electron microscopic examin- 
ation of rat neuromuscular junction chronically treated with 
a-BTX showed no evidence of degeneration of nerve terminals, 
and I found no evidence of terminal degeneration in pre- 
liminary light microscopic examinations of toxin-treated 
regions, but detailed EM examination has not yet been done. 


Displacement of retinal terminals 


Maps made one week after toxin application (Fig. 66). reveal an 
apparent displacement of terminals normally occupying the 


borders of the toxin-treated zone. Some terminals. in these 


border regions seemed to have been displaced by as much: as 
250 um whereas terminals normally located within the toxin- 
treated zone seemed to have been displaced by as much as 
600-700 um. Since the accuracy with which the eye's optical- 


Fig. 6 Plastic changes in positions of class IV terminals following 
localised application of a-BTX to normally innervated tectum. 
Control map shown in (a). In (b), obtained one week later after 
applying square of Millipore filter soaked in a-BTX to region 
indicated by dashed lines, terminals previously located there 
(for example, E4-E6, F4-F6, G5) have shifted position and 
compressed into regions near borders, displacing terminals 
previously located there. In (c), obtained two weeks later, ter- 
minals have essentially returned to their original positions. 
Quantitative measurements of the amount of compression and 
order in the projections of displaced terminals in (4) were made 
by computing the mean distance between each recorded terminal 
site and its eight nearest neighbours, as well as its eight ‘appro- 
priate’ neighbours. The results showed that a displaced terminal 
had a higher probability of retaining the same relative relation- 
ships with its displaced neighbours as with its original 
neighbours than any other relationship. This suggests that some 
selective interaction exists between terminals of neighbouring 
retinal ganglion cells. 
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axis can be precisely realigned is limited, the absolute displace- 
ment is less certain than is the relative displacement. This may 
represent a change in dendritic morphology of tectal neurones, 
or a true shift in the alignment of pre- and postsynaptic ele- 
ments, An effort to differentiate between these two possibilities 
was made by mapping the lateral extent of antidromic field 
potentials generated by dendrites'*:#? in response to focal 
microstimulation of tectal neuronal cell bodies in the central 
grey strata, by a stimulating microelectrode. The mean dia- 
meter of tectal dendritic fields estimated in this way was 110+ 
20 um. No significant variation of dendritic field size was 
found within or surrounding the toxin-treated zone. This 
suggests that the displacement in the position of terminals in 
the border zones represents a true change in alignment of 
pre- and postsynaptic elements, As seen in Figs 5c and 66, 
displaced terminals tended to retain their original orientation 
with respect to each other rather than to distribute randomly. 
The retention of a high degree of order between both invading 
as well as displaced terminals suggests the existence of a 
selective interaction between neighbouring terminals. 


Reordering of retinal terminals 


If the preceding interpretations are correct, both the original 
displacement and the subsequent reordering of retinal terminals 
seen in Fig. 6c represent sprouting. One would expect the 
sprouting terminals to ramify in the vicinity of the receptor- 
blocked cells, and to form contacts there. The apparent failure 
for this to occur implies that sites capable of receiving synapses 
did not exist on the receptor-blocked cells, and that the sprout- 
ing terminals did not induce their formation. In muscle, 
synapses occur at sites of high receptor density®?~™, although 
membrane components other than the receptor are probably 
required for synapse formation®® and recognition*®’, as well. 
The proliferation of extra-junctional ACh-R that occurs in 
muscle after transmission block with o-BTX is significantly 
less than that which occurs following denervation®*, and is 
primarily related to disuse**~#, Since, in the present experi- 
ments, tectal cells treated with a-BTX were still driven by other 
inputs, there may have been relatively little stimulus of new 
receptor synthesis*!. If synapse formation in CNS neurones 
requires a region of high receptor density, these results suggest 
that the proliferation of new ACh-R on receptor-blocked 
cells is slow with respect to the dynamics of the sprouting 
mechanism. Although the latter seems likely to involve a change 
in the sequence of gene activation in the ganglion cell nucleus, 
the expression of which will be delayed by the time required 
to transport materials between the cell body and its axonal 
terminals’*, sprouting is known to occur rapidly in other 
systems in response to denervation*’. 

It is possible that the stimulus for the apparent growth 
of terminals back into the toxin-treated zone occurred as a 
result of factors independent of the cells there (for example, 
crowding, non-optimum matching of molecules on pre- and 
postsynaptic elements, functional mismatch of information 
carried by displaced terminals, or a spontaneous tendency to 
sprout). Conversely, the question arises as to whether the 
re-establishment of the original pattern of terminals after 
toxin application is associated with the appearance of unbound 
receptors, The latter would be brought about by loss of toxin 
due to dissociation and proteolysis, and by receptor turnover, 
in addition to any stimulated increase in synthesis. Kouvelas 
and Greene“ measured a halflife of 5.1 h for o-BTX-ACh-R 
complex in synaptosomal fractions of chick optic tectum. A 
half-life of 26 h was obtained in synaptosomal fractions of toad 
optic tectum, using similar techniques (R. Oswald and J.A.F., 
in preparation). Toxin-receptor dissociation in subcellular 
fractions may differ significantly from that in the intact mem- 
brane, due to possible alterations of the normal molecular 
interactions affecting receptor conformation. Light auto- 
radiographs made one week after *H-a-BTX application in toad 
tectum still showed a distinct trilaminar pattern of silver 
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grains (J.A.F. and W. A. Lutin, in preparation) corresponding 
to the distribution of retinal terminals*. This would suggest 
that toxin-receptor complex is more stable in situ than in 
membrane fractions, and that its removal is slow. The turnover 
rate of ACh-R in brain has not yet been measured, although 
Lajtha et al” have shown that, 94% of membrane proteins 
(presumably including ACh-R) labelled with ™C-tyrosine 
had a mean half life of 10d. The above observations suggest 
that the effects of a-BTX are likely to persist for several days. 

If re-ordering of retinal terminals in Fig. 6c is associated 
with the molecular dynamics of ACh-R, how is information 
about the state of surface receptors communicated to the 
displaced terminals? Either some terminals must remain in the 
toxin-treated zone allowing for direct communication, or the 
cells there must liberate (or fail to liberate) some factor, sensed 
by the displaced terminals, which affects their growth. It is 
possible that some trophic factor, metabolically linked to the 
synthesis of ACh-R, is involved in the re-ordering of synapses. 

If these ideas are correct then the receptor protein might 
have a role in determining the postsynaptic cell’s own innerva- 
tion. Although the acetylcholine receptor apparently does not 
have a critical role in the molecular recognition or initial 
formation of synaptic sites, it does seem to have such a role in 
their maintenance, and might participate in structuring the 
patterns of synaptic connections. 
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Observations of 
OE323(4C34.13), MO758-- 120, 
and OS210(4C28.40) with the 5-km telescope 


Four extended radio sources identified with quasars of large 
redshift have been observed', they are important in defining the 
rélationship. between mean radio angular diameter and redshift 
and thus limiting the permissible range of gg and cosmological 
evolution of the radio source population. A difficulty with such 
analyses is that of allowing for the variation of the physical 
sizes of individual. sources with time, particularly if there are 
different types of source present in the sample. The ideal would 
be to restrict the analysis to a single type with a comparatively 
small range of the relevant properties. We have, therefore, 
mapped three of the four sources--those accessible to the 5-km 
telescope—in order to study their structures with greater 
angular resolution and a better beam shape. We have also 
re-measured the optical positions of the associated quasars from 
the prints of the Palomar Sky Survey. Our results remove the 
positional discrepancy for MO758- 120 (ref. 1) and confirm the 
association of an optical quasar with each of the radio sources. 
The suggestion that the optical and radio positions of MO758 +- 
120 (ref. 3) had been accidentally interchanged seems to be 


34h 26m 30s 





03h 13m 47s 03h 13m 46s 03h 13m 45s 





07h 58m 15.0s 07h 58m 14.0s 


incorrect, since our optical position agrees with that given by 
Baldwin eż al.? to within 0.25 arc s. 

Our observing frequency was 2.7 GHz, as used. by. Gearhart 
and Pacht!, and the beam size (FWHP) 3.7 x 3:7 cose¢ 6 ares; 
in one case, OS210, the source had previously been: mapped at 
5 GHz (ref. 2) with a beam size 2 4.1 arc s. 

Figure | shows the 2.7-GHz maps:in which the declination 
scales have been compressed so that the beams seem circular; 


one can then more easily detect the presence of marginally: 
resolved components. The peak positions and flux densities of. 


the components are given in Table 1. In the case of 05210 no 
central nuclear component was found, and our observations at 
5.0 and 2.7 GHz may be combined with measurements of- the 
total flux density at other frequencies to obtain a mean spectral 
index for the two outer components. The other two sources are 
found to be triples, in one of which the nucleus provides most 


of the flux at 2.7 GHz. To estimate the spectra of the outer = 


components of each, an attempt was made to correct the 


measurements of total flux density, which are available overa. 


wide range of frequency, by subtracting the flux density attribu- 


table to the 2.7-GHz nucleus on the assumption that its spëc= 


trum is flat. Details for the individual sources follow. 
A weak central radio component lies within about 1 arc s of 
the optical quasar OE323, confirming the identification, The 
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12h Olm 20s 
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Fig. 1 Maps of the three sources at 2.7 GHz a, OE323; b, 

MO758; c, OS210. The L-shaped figures indicate the angular 

scales, and the contour intervals in mJy are also shown. The 
crosses show our positions for the optical objects. 
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Table 1 Peak positions and flux densities 


a (1950.0) 
Source Component h m s 
Nf 03 13 46.92 
nucleus — _ 46.31 
0E323 optical — — 46.22 
Sp — — 45.50 
Nf 07 58 14.92 
nucleus — — 14.46 
MO758-+ 120 optical — ~ 14.48 
Sp = — 14.16 
Np 16 06 09.34 
OS210 optical — — 09.95 


10.77 


, oC 1950.0) 


$” Ss (mJy) + 
34 26 27.8 0.3 76 15 
— — 19.7 0.6 44 5 
— — 19.5 0.7 — 
— — 08.4 0.3 192 20 
12 ol 44.2 0.6 il 5 
sake ae 42.5 0.3 39 15 
— _ 43.1 0.5 — 
— — 42.5 0.6 16 5 
28 57 06.9 0.4 166 20 
— 56 55.1 0.7 — 
— = 42.2 0.5 154 25 


Table 2 Physical extent, total intrinsic luminosity and the relative luminosity of the nucleus to the total 


QH=0 Q=1 
8 Sza D P, D P; Px 
Source z (arc s) (mJy) (kpe) (10% W Hz~isr=™) (kpc) (10% W Hz sr) Protar Qouter 
OE323 1.156 26.2 282 299 1.8 225 1.0 0.04 0.96 
MO758 +- 120 2.66 11.3 66 152 4.1 86 1.3 0.34 1.43 
OS210 1.989 34.1 320 401 9.0 255 3.7 <0.01 0.92 


spectral index of the unresolved outer components over the 
range 178 to 2,695 MHz is a = 0.96+0.05 (defined by Soc 
v~’). 

The source MO758 +- 120 is a well-defined triple with a very 
powerful central component; our optical position for the 
quasar lies within about 0.7 arcs of the central component. 
Gearhart and Pacht’s observation did not resolve the source, 
and indicated a positional difference of some 16 arc s between 
the radio centroid and the optical identification. The spectrum 
of the outer components can be derived from our 2.7-GHz 
results and low-frequency observations for which the correction 
for the nucleus is small. Over the range 38-2,695 MHz the 
spectrum is very steep with a = 1.43 +0.02. 

OS210 is a double with unresolved components, our optical 
position lying within 0.8 arcs of the line joining the compo- 
nents. The earlier 5-GHz map shows both components to have 
angular sizes less than 2 arc s. Over the range 38-2,695 MHz, 
a = 0.94-.0.02. 

In order to compare the physical characteristics of these 
sources, the physical extent, the total intrinsic luminosity (P) 
and the relative luminosity of the nucleus to the total for each 
were computed for the Einstein-de Sitter (Q = 1), and Milne 
(Q = 0) models (Table 2). To reduce the uncertainty arising 
from the spectrum of the nucleus, these values are extrapolated 
to 5 GHz, which corresponds more closely to the mean fre- 
quency of emission than to that of observation of 2.7 GHz. 

It can be seen that even amongst these three sources there is 
a wide spread in projected diameter, luminosity and morpho- 
logical type and, in attempting to distinguish between different 
cosmological models (including the type of source evolution 
involved), it will be necessary to take account of more source 
parameters than have been considered hitherto. The results 
emphasise the importance of high resolution and high sensitivity 
in the study of these problems. 

We thank the director of the Institute of Astronomy for the 
use of the x-y measuring machine. M.A.C.P. thanks the SRC 
for a maintenance award. 
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PESEE TE SASEA ETEEN ETONE, 


Reducing greenhouses and the 
temperature history of Earth and Mars 


THE modern theory of stellar evolution implies that the Sun 
has increased in brightness by several tens of per cent over 
geological time. Were all other global parameters held 
constant, this would imply that the mean temperature of 
the Earth was below the freezing point of seawater about 
2x 10° yr ago’. There is, however, excellent geological and 
palaeontological evidence that there were extensive bodies of 
liquid water on the Earth between 3 and 4X 10° yr ago. A 
possible solution to this puzzle, first postulated by Sagan 
and Mullen’, is that the Earth’s primitive atmosphere con- 
tained small quantities of NH; and other reducing gases 
which significantly enhanced the global greenhouse effect. 
NH; is especially effective in the 8-13 um window in a CO 
H.O atmosphere. It was argued that plausible changes in 
other global parameters, such as the infrared emissivity or 
the Russell-Bond albedo, would have been ineffective. The 
increase in solar brightness over geological time seems 
model-invariant even under extreme model perturbation 
for the solar interior’, as has recently been reconsidered in 
a straightforward stellar structure scaling argument”. Cos- 
mochemical considerations point strongly to a higher 
abundance of reduced constituents in the primitive than 
in the contemporary terrestrial atmosphere; and reduced 
atmospheric components such as NH; and CH, are required 
to understand the accumulation of prebiological organic 
compounds necessary for the origin of life in this same 
period, between 3 and 4X 10° yr ago’. 

The calculations of Sagan and Mullen used a very simple 
square-wave opacity model, and radiative equilibrium. The 
model predicts the correct value of the present terrestrial 
global temperature (about 288 K). Calculations were carried 
out for three primitive atmospheres, as shown in Fig. 1: (1) 
a high-density hydrogen-rich primitive atmosphere where 
the opacity was provided primarily by pressure-induced 
dipole and forbidden quadrupole transitions of Hs; (2) a 
hydrogen-poor, but still reducing, primitive atmosphere in 


137 (1975). 
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Fig. 1 Evolutionary tracks show- 
ing the time evolution of global 
-surface temperatures of the Earth 
for three different atmospheric 
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which the opacity was provided primarily by the chemical 
equilibrium abundance of ammonia (~ 107** volume mix- 
ing ratio); and (3) a hydrogen-depleted atmosphere in which 
the ammonia abundance was subequilibrium, due primarily 
to the photodissociation. of NHs. The time dependence of 
these opacities was determined crudely, allowing for Jeans 
escape of hydrogen from the exosphere and the subsequent 
oxidation of reducing compounds, with a characteristic 
period ~3 Xx 10° yr. 

Knauth and Epstein‘ have obtained, through D/"“O 
isotopic archeothermometry, data on mean global tem- 
peratures from the present back to about 310° yr ago. 
These points are also shown in Fig. 1 and roughly parallel 
the high opacity evolutionary tracks (either 1 bar H: and 
equilibrium NH, or equilibrium NH; alone), and provide 
some support for the idea of a substantial primitive green- 
house effect described in (1) above. Since the observed tem- 
peratures seem a little higher than the tracks calculated, it 
seems useful to point. out that octopole transitions of 
methane, neglected in (1), have been shown by Pollack’ to 
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be significant for the greenhouse of Titan. If a primitive 


terrestrial atmosphere with total pressure ~1 bar had more 


than ~0.01 CH,, the CH, opacity would have made an. 
important contribution to the greenhouse effect. Even if the 
NH; opacity were overestimated in (1), CH, and: NHs: to 
gether as minor constituents in the primitive terrestrial 


atmosphere seem capable of explaining in a very natural 


way what otherwise would be a serious discrepancy between 
astrophysical theory and geological observation. 

The same computational protocol has been applied. to. the —. 
evolution of surface temperature on the planet Mars. 
Results are shown in Fig. 2, for two possible bolometric 
Russell-Bond albedos of Mars, 0.15 and 0.30, and-for three 
conceivable early compositions: (1) a 1 bar H: atmosphere; 
(2) a 1 bar Hs-depleted early atmosphere with NH; as a 
minor constituent; and (3) a low-pressure early atmosphere, 
comparable to the present martian atmosphere, in which 
CO: and small quantities of water vapour provide the prin- 
cipal sources of infrared opacity. Three separate Viking 
instruments have determined the abundances of trace 
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isotopic constituents in the contemporary martian atmos- 
phere, and have been interpreted, by a set of independent 
arguments, to indicate a possible higher pressure atmos- 
phere in early martian history". The most frequently cited 
estimates of total pressure are about 0.1 bar, but estimates 
range as high as 1 bar. Because of the low exosphere tem- 
perature, H; does not escape from Mars today significantly 
faster than it does from Earth, despite the larger gravita- 
tional acceleration of the latter. 

The results indicate that if primitive Mars, like primitive 
Earth, had even a mildly reducing atmosphere, martian 
global temperatures a few times 10° yr ago may have been 
in the vicinity of the freezing point of seawater and, in 
many latitudes, the mean temperatures may have been 
above the freezing point. This result is of possible interest 
for the martian sinuous channels, many of which seem to 
be produced by aqueous fluvial erosion and which have been 
crudely dated by cratering statistics techniques as having 
been formed 1-4 x 10° yr ago”, Although the Viking imag- 
ing and microbiology experiments have so far yielded no 
unambiguous evidence for martian biology'*”, the implica- 
tion of this work—that in earlier martian history, tempera- 
tures and pressures may have been substantially higher in 
a reducing atmosphere and extensive bodies of liquid water 
present-—-certainly enhances significantly the a priori like- 
lihood of the origin of life on early Mars, Of course, even 
if life arose, there is no guarantee that it survived sub- 
sequent inclemencies of martian history. Our results also 
imply, because of the increasing solar luminosity, a very 
clement martian epoch a few times 10° yr in the future 
(Fig. 2), when conditions on Earth will become—due to the 
inexorable nature of stellar evolution—less than ideal 
(Fig. 1). 
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—_—_—— 
Stratospheric CH,, HCI and ClO 
and the chlorine-ozone cycle 


SINce it was suggested! that chlorine may influence stratospheric 
ozone balance, and that halocarbons can contribute significantly 
to the stratospheric chlorine content?* much attention has 
been paid to the subject. We report here a new determination 
of atmospheric methane levels which gives a value lower than 
that often assumed by other workers. In model calculations this 
suggests that chlorine has a greater effect on the ozone balance 
than previously suspected. 

In addition to atomic chlorine two main species of the 
chlorine—ozone cycle have been measured in the stratosphere— 
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Fig. 1 Vertical distribution of the volume mixing ratio of 

methane in parts per million. The in situ sampling results? 

are shown with the values determined’? by infrared spec- 

trometry of the P; to Py multiplets of the 3.3-um band. The 

solid curve represents the values used in model calculations‘. 

The envelope above 35 km corresponds the methane absorp- 
tions at Zenith angle, x, smaller than 90°. 


namely HCI (ref. 5) and ClO (ref. 6). The ratio of their 
abundances can be expressed by the relation? 


AHCl/nClO = (k nCH y+ kynHy + k ynHO,) x 
x (kqnO+ ksaNO)/(kgtO,g x k nOH) D) 


where nA represents the number density of species A and 
values of k expressed below in cm? mol ~ s~}, represent the rate 
constants’ of the reactions 


CH,+Cl--CH,+-HCl ky = 5x 1072 et? 
H,+Cl-H+ HCl ka = 5.6 x 10-1 @ 2250/7 
HO, +Cl--O, + HCI ka = 10 
CIO+0—CI+0, ky = 5.3 x 107 
CIO+NO—CI-+ NO, 
Cl+0,-ClO+0, kg = 3.6X 1071 e~318/7 
HCI+ OH—-C1+ H,O k; = 3x 1072 e7100? 


The HO, + Cl---HC!+ HO, reaction has been neglected due to 
its low rate constant’. 

All species in very low stratospheric concentration (except 
HO, which has a minor role) intervening in relationship (1) have 
been measured—H, (ref. 9), NO (refs 10, 11), O (refs 12, 13) 
and OH (ref. 14). The abundance of ozone is known™ and most 
studies have relied on CH, data obtained in the stratosphere by 
in situ sampling’. 

In the altitude range 32-36 km where data are available for 
computation the nHCI/nClO ratio is observed to be about 0.8 
while values ranging from 4.5 to 3.5 result from model 
calculations?. 

We have performed a new determination? of CH, using 
infrared absorption spectrometry from a balloon platform to 
give methane mixing ratios over 25 km lower than currently 
used in stratospheric models. The results, shown in Fig. 1, 
were derived from spectra of the 3.3-um CH, band obtained 
simultaneously with HCI absorption spectra’. They have been 
used in conjunction with all other measurements to evaluate the 
aAHCI/nClO ratio from equation (1) in order to deduce the 
effect of these new data on the chlorine-ozone cycle. The 
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Table 1 Data used in the evaluation of nHCI/nClO and results 





Altitude (km) 
32 34 36 
nO, (ref, 15) 2.510% 1.92102? 14x 10! 
nCH, (ref. 16) 1.210% 7.010% 4.2 x 10! 
nH (ref. 9) 20x10" 14x10 1.0x 10" 
“nO, (ref. 3) 22x10 19x10 1.5x 10 
ROH (ref. 4) 11x10’ 1x10? 15x10" 
nO (ref, 13) 1.3108 2.6x10% 3.9x 108 
NNO (ref. 11) 1.3x10 1.1x10° 7.0x10° 
“T(K) (ref. 18) 228 234 239 
AHCI (observed) 4.2108 3.0x108 2.4108 
nClO (observed)! 5x 108 4x 108 3x 108 
AHCI/nClO (equation (1)) 1.2 1.2 0.8 
nHCl/nClO (observed) 0.84 0.75 0.8 
nHCl/nClO (model) 4.5 3.9 3.5 


ammam 


number densities used in the computation are listed in Table 1 
with the results. The computed values of the nHClI/nClO ratio 
seem to be in good agreement with observed values while the 
model calculated ratios are; especially at the lowest altitude, in 
marked disagreement. Part. of this disagreement is due to the 
use in models of high methane concentrations which have 
already been considered as being surprisingly large by Wofsy 
and McElroy’. A similar opinion has been expressed by 
Rowland and Molina? who have considered the possibility of 
lower methane concentrations leading to an enhancement by a 
factor of 2 or 3 of the chlorine atom chain. 

Thus introduction of high methane concentrations? into 
model calculations’ has lead to a computed nHCl/nClO ratio, 
for the case considered here, 2.3 times higher than that obtained 
when using the lower level of methane reported here. 
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Defects in natural type IB diamond 


NATURAL type IB diamond has an anomalously low thermal 
conductivity. To investigate this we have carried out 
birefringence, infrared and ultraviolet absorption spectro- 
scopy, electron spin resonance and transmission electron 


m 


microscopy (TEM) experiments. We suggest here that the 
low IB thermal conductivity is due to the presence of pre- 
viously unknown defects in this type of diamond. It is abo o 
suggested that these defects are related to the more 
common ‘platelets’ or planar faults which are found in type 

IA diamond. ; 

The thermal conductivity of IB diamond (specimens C z 
and C9 in Fig. 1) was first measured in 1972' and sub- 
sequent experiments”* have produced similar results. It was. 
found that the strength of the phonon scattering mech- 
anisms which significantly reduced the IB conductivity as 
compared to purer ITA diamond, could not be explained 
solely by the presence of paramagnetic singly substit 1 
nitrogen atoms’. This has now been confirmed to be th 
case for six IB specimens. A satisfactory theoretica 
explanation of the original measurements on ‘the basis of 
Rayleigh-type phonon scattering, could not be found" 
although the most recent results can be explained if the 
non-paramagnetic nitrogen (which in this case was more 
highly concentrated than is usual for type IB) was assumed 
to be in clusters of several atoms’. a 

We chose for our investigations a transparent amber _ 
coloured African diamond (no. 2) from a batch provided 
by the Diamond Research Laboratory on the basis of 
extremely low birefringence. Electron spin resonance o 
experiments were performed on this specimen usinga o 
Varian E-line spectrometer and a characteristic TB response. fo 
was observed. Singly substitutional nitrogen atoms are res | 
sponsible for this behaviour’. No attempt was made: to. 
calculate the spin density rigorously but it was estimated 
to be ~ 10° m™. Infrared and ultraviolet absorption spec- 
troscopy confirmed that the specimen was a typical IB 























Fig. 1 The thermal conductivity of two type IB diamonds, | faa 
C8 and @, C9. It is impossible to compute the experimental IB 
thermal conductivity solely by the addition of a. phonon point 
defect scattering term to that used to compute ITA conductivities. 
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Fig. 2 The infrared absorption spectrum of diamond no 2. 


diamond* with an average nitrogen concentration of 


= 6X10" m™ depending on what fraction of the 1,280 cm"! 
absorption was due to A and B centres (Fig. 2). A thin (100) 
slice was cut and ground from this diamond and studied 
further by infrared spectroscopy. It possessed a similar con- 
centration of nitrogen to that of the original cube. A selected 
area of very low birefringence was thinned by ion beam 
bombardment’ to produce a minute perforation, the edges 
of which were investigated by TEM. This particular 
diamond thinned perfectly and particularly quickly (~ 3 um 
h`’) thereby creating a larger thickness gradient than usual 
at the edges of the perforation. The large thickness gradient 
and perfect surface were responsible for the observation 
of strong ‘thickness’ fringes by TEM. Small defects show- 
ing as black and white dots were seen near the edges of 
the dark thickness fringes in a bright-field micrograph 
(Fig. 3). The white dots were seen on the thin side of the 
dark fringes, the dark dots were seen on the thin side of 
the light fringes and no dots were seen near the centre of 
the fringes. In thicker parts of the foil the effective contrast 
of the dots was reduced because of increased absorption in 
the crystal. These observations fit the description of the 
common type of structure factor contrast usually observed 
when a small inclusion has a lower structure factor than 
the matrix". It is debatable whether the defects would be 
detected in the absence of strong thickness fringes. The 
Strain field of the defect seemed spherical although ill- 
defined under high resolution (0.2 nm point to point) TEM 
and typically ~ 5nm in size, They are presumably quite 
homogeneously distributed in the areas which have been 
observed by TEM. On this assumption, their concentration 
was ~2 X10” m™* which is a typical ‘platelet’ concentration 
in normal IA material. To ensure that the defects were not 
artefacts the specimen was re-thinned weakly to remove 
~ 10nm of the sample surface and further TEM observa- 
tions were made. This did not alter the appearance of the 
defects and we feel, therefore, in the light of previous 
experience of thinning diamond by ion bombardment, that 
the defects are real. To ensure that the small diamond slice 
was IB material a further ESR experiment was performed 
on the slice alone. A characteristic spectrum was observed 
which indicated that the slice possessed a similar spin 
concentration to the original cube. 

Further detailed investigation by TEM showed that a 
small number of these minute defects possessed an 
appearance characteristic of platelets in TA diamond (Fig. 
4). The defects were too small and ill-defined for a definite 
plane to be assigned to them but {100} is consistent with 
the data. It is suggested that these are minute platelets and 
that the common defect shown in Fig. 3 is the genesis of 
such platelets. It is unlikely that the minute platelets are 
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the genesis of these ‘bubbles’, If platelets are subjected to 
high temperatures and pressures, they form larger struc- 
tures which have some similarities to giant platelets’’’. 
Other defects seemed to be at an intermediate Stage of 
development. 

It is not possible to determine the exact nature of these 
defects but voids, bubbles of gas or liquid, amorphous 
material or crystalline material of a low structure factor 
are all consistent with the results. It is also possible that 
the defect could be considerably smaller than 5nm if a 
strong strain field is present. Some evidence suggests that 
hydrogen might be present in the bubbles for, of all the 
diamonds investigated by ion beam spectrochemical analy- 
sis, this IB specimen gave the highest hydrogen content’. 

Presumably if the specimen were subject to an appro- 
priate high temperature and pressure environment. the 
bubbles would transform into minute platelets which could 
then grow up to ~ 80um in length’’"''* It should be 
noted that the common platelets also have a lower effective 
scattering factor than the diamond matrix”. 

These defects or bubbles will act as phonon scattering 
centres and in an interesting fashion. The dominant 
phonon wavelength in diamond is equal to the bubble size 
at a temperature ~ 100 K. Thus for T << 100K one would 
expect a phonon o'-scattering dependence (Rayleigh scat- 
tering) to be most important (where @ is the phonon 
angular frequency) while for T>> 100K frequency in- 
dependent scattering would be prevalent. In the inter- 
mediate range (T ~ 100K) a complex oscillatory scatter- 
ing mechanism will be most relevant". Therefore, one 
would not expect the thermal conductivity of specimens 
C8 and C9 (Fig. 1) to be explained solely by the addition 
of w'-Rayleigh scattering if they also contained similar 
defects to those described here. The magnitude of the 
phonon scattering associated with these particular defects 
would be sufficiently high to explain the data on C8 and 
C9. Generally, if the ‘bubble’ defect size in IB diamond 
were smaller (£ 2 nm) such that Rayleigh-type scattering 
could adequately describe the phonon defect scattering at 
all temperatures for which data were available (that is, 
T < 300 K), this contribution would be confused with the 


Fig. 3 Small defects in a IB diamond showing structure factor 
contrast. The edge of the specimen is labelled E. Bright-field 
micrograph. Scale bar 0.1 jum. 
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Fig. 4 Small defects in a IB diamond (as used in Fig. 3). Some of 

these defects appear as minute platelets (P) surrounded by charac- 

teristic strain fields. Larger platelets are common in type IA 
diamond. Scale bar 0.1 pm. 


nitrogen cluster scattering mechanism which is identical in 
its phonon scattering frequency dependence. 

We conclude that the thermal conductivity of our sample 
would be similar to the conductivity of diamonds C8 and 
C9, and suggest that smaller defects of the same nature 
might have existed in the other four type IB diamonds for 
which the thermal conductivity has been measured’. It 
could be that such defects are a general feature of IB 
diamonds. in which case it would seem that IB diamond is 
a preliminary state of IA diamond. Synthetic diamond 
must be the most preliminary state, and a IB diamond will 
be frabricated if nitrogen is introduced, whereas it has not 
been possible to synthesise [A diamond”. If the bubbles 
contained nitrogen, this would account for the generally 
higher nitrogen concentration (as detected by infrared) 
found in TA samples. 
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Correlation between dielectric 
constant and defect 
structure of non-stoichiometric solids 


To understand the properties and behaviour of inorganic 
non-stoichiometric compounds it is vital to know how the 
stoichiometric imbalance in the material is accommodated 
structurally. It has been usual to assume that point defect 
populations have been solely responsible for such departures 
from the normal stoichiometric formula. But, recent struc- 
tural investigations have shown that for a growing number 
of materials this does not seem to be true and instead 
changes in the anion-cation ratio are accommodated by 
planar faults. This report points out that an empirical cor- 
relation seems to exist between the magnitude of the low 
frequency dielectric constant of a compound and the struc- 
tural mode by which it accommodates its non-stoichiometry. 
Those materials with a low dielectric constant are found to 
prefer point defect populations, while those with a high 
dielectric constant prefer planar faults. Some reasons why 
this correlation should hold are suggested. 

Recent studies have mainly led to a recognition of two 
broad groupings of inorganic non-stoichiometric compounds. 
First, there are those materials which accommodate 
stoichiometric changes by way of point defects, either in 
the classical sense or, in materials with relatively large 
departures from stoichiometry, by point defect clusters or 
by ordered arrays of point defects. Examples of this are: 
Fe,_,O (wiistite), many compounds with the fluorite or 
fluorite-related structures and the metallic oxides TiOi+, 
and VO,+ , (ref. 1). 

The second grouping consists of materials in which any 
stoichiometric variation seems to be taken up by planar 
faults or intergrowths. In these materials the point defect 
contribution to the stoichiometric imbalance seems minimal. 
Instead the structure of the non-stoichiometric crystal can 
be regarded geometrically as an intergrowth between two 
phases which have compatible structures, or else as a parent 
structure which has collapsed along a particular crystal- 
lographic plane so as to eliminate one atom type rather than 
another from the parent matrix. The intergrowth or fault 
usually takes the form of a lamella only one or two cation- 
anion polyhedra thick and hence is related to, but differs 
in scale, from syntaxy. 

As these materials are less well known, some examples 
will illustrate their behaviour and the range of compounds 
covered. Perhaps the best documented are the crystallo- 
graphic shear (CS) phases. These are formed when WOs, 
Nb.O:, TiO: and other materials are reduced or doped with 
(generally) lower valance cations. Characteristically they 
are slabs of the parent higher oxide containing fault planes, 
the CS planes, which geometrically are planes along which 
the structure has collapsed to eliminate oxygen. If these 
faults are ordered, a homologous series of oxides is formed; 
typical examples being W,,Os,-2, TinOm-1. More examples of 
CS phases are given in several reviews (refs 1-3 and refs 
therein.) A second group consists of oxides often described 
as intergrowths. In these phases, stoichiometric variation is 
achieved by the ordered or disordered intergrowth of phases 
with different compositions. Examples are the perovskite- 
related oxides formed by intergrowth between NaNbOs 
and complex  silicate-related phases BaNbSiOs and 
Ba,Nb,Ti,O., (ref. 5). Ordered intergrowths can again be 
expressed in terms of homologous series formulae. Finally, 
some of the materials described as polytypes can also be 
placed into this category. Of particular note are the 
hexagonal ferrites’ where structural complexity is associated 
with intergrowth between units of the spinel structure. The 
titanium sulphides with compositions lying near to TisSs 
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Table 1 Dielectric constant and defect structure type of some non- 
stoichiometric compounds 





Dielectric Frequency Non- 

Material constant* (Hz) stoichiometryt 
FeO 14.2 2x 108 P.D. 
NiO 11.9 10° P.D. 
CaO.ZrO, ~ 12.0 2x10" P.D. 
CaF, 6.8 10? P.D. 
UO, 24 3% 10° P.D. 
Tho, 18.9 3 «10% P.D. 
CeO, 7.0 2» 108 P.D. 
VO; ~15q1) ~ 108 P.D. (15) 

(Os ~ 10° (12) ~ 10° CS 
TiO, Ee = 167 (13) ~ 10° CS 
H-Nb.O, ~ 200 (14) ~ 108 CS 
SrTiO, ~ 350 10? 1(16) 
PbS ~ 200 ir. If 
Bi,Ti,O,, ~ 200 108 l 
NaNbO, E33 ~ 670 — Ly 4 
Ca,Nb,0, ~ 45 5x10 co 


*Values are room temperature values, taken from Young and 
Frederikse (ref. 10), or the references in parentheses. 

TP.D., ordered, clustered or random point defects; CS, crystal- 
lographic shear; I, intergrowth. Fuller descriptions of defect type will 
be found in refs 1-3 or the references in parentheses. 

tA. N. Bagshaw, personal communication. 


also fall into this group. Stoichiometric variation here can 
be described as being due to intergrowth between the TiS 
phase and the TiS; phase’. 

For evaluating materials growth methods, or predicting 
the chemical or physical behaviour of materials it is valuable 
to have a reliable guide as to which of these modes of 
stoichiometric behaviour is likely to predominate in any 
particular system but at present no such guide has been 
found. 

Calculations of the electrostatic interaction between 
CS planes in reduced WO, (ref. 8) showed that a high 
value of the low frequency dielectric constant was of 
importance in reducing this energy term to a small value. 
The fact that CS planes only seemed to be found in 
materials which possessed a high dielectric constant was 
also pointed out by Bursill et al’. Taking these two 
observations as starting points, I have examined the 
literature in an attempt to determine whether there is a 
definite correlation between the occurrence of intergrowth 
as a means of accommodating non-stoichiometry in a 
material and low frequency dielectric constant. Although 
the data on both these topics are scanty a very good 
correlation is found, provided that those materials in 
which a high value of the low frequency dielectric 
constant is associated with hydrogen bonding are 
excluded, as the crystal-chemical relationship between 
dielectric constant and structure is rather different in these 
compounds than in, for example, the perovskite oxides. 

Table 1 reports some materials with well known modes of 
accommodating non-stoichiometry which also have recorded 
dielectric constant values. Unfortunately data are not 
available for many interesting compounds, but there are 
enough to show that systems using point defects have low 
values of dielectric constant, less than approximately 24, 
while all the materials with known intergrowth or CS 
behaviour have values > 100. 

In order to apply this empirical correlation usefully it is 
important to remember that most experiments involving 
non-stoichiometric behaviour are carried out at moderate 
to high temperatures. The room temperature dielectric con- 
stant which is the value most usually reported and which 
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is given in Table | may well be considerably lower than that 
at high temperatures, and temperature variation can be 
large, as in the case of WO; (ref. 12). Thus for some 
materials, a change in behaviour with temperature may be 
expected, MoO; may be such an example". 

In the non-metallic materials we are considering, the low 
frequency dielectric constant is composed of two components, 
the electronic and ionic polarisabilities of the atoms in the 
structure. A high value of the static dielectric constant is 
often attributable to a high ionic polarisability term, which 
is largely due to the presence of small off-centre cations in 
metal-oxygen coordination octahedra which form the 
building units of many oxides. The ferroelectric perovskites 
fall into this class. In other materials. such as PbS or SbSI 
the presence of large easily polarisable anions and lone pairs 
of electrons on the cations produces large electronic polaris- 
ation. Neither of these features in themselves, however, 
seem to explain why a point defect population should be 
resisted in these materials, although recent lattice energy 
calculations for materials containing point defects have 
shown that polarisation terms have a considerable effect on 
defect formation energies. 

A possible reason for the rejection of high point defect 
populations may be found by considering the lattice 
dynamics of crystals. The low frequency dielectric constant 
of a crystal and hence the ionic and electronic polaris- 
abilities of the component atoms are closely connected with 
the allowed lattice vibrations of the matrix. The simplest 
form this relationship takes is expressed by the Lyddane~ 
Sachs-Teller relationship which shows that a high static 
dielectric constant is associated with a transverse optical 
phonon, wr, of very low frequency in the lattice". These 
soft transverse modes are temperature dependent and tend 
to exhibit instability as the frequency falls, that is, as the 
dielectric constant increases. Barker" has shown that soft 
mode instability can be strongly influenced by the local 
electric field within a dielectric material, The presence of 
defects in a material, either some form of point defect 
arrangement or intergrowths or planer faults, will lead to 
significant changes in the local fields in some regions of the 
crystal which will have a bearing on the stability of the 
soft wr models. The interaction will almost certainly be 
complex and has not been analysed quantitatively, but it 
seems reasonable to suggest that in materials with a high 
dielectric constant the existence of potentially unstable soft 
&r modes favours the formation of sheets of defects, inter- 
growths or crystallographic shear planes, over point defects 
or point defect clusters. 

The lack of a detailed theoretical treatment. together 
with the paucity of experimental data make these sugges- 
tions very speculative. Despite these qualifications the 
empirical correlation between dielectric constant and defect 
Structure seems to work well and be useful. It provides a 
guide to the structural behaviour of non-stoichiometric 
solids where none has existed before. Theoretical studies are 
now underway which. it is hoped. will provide a more 
quantitative understanding of the problem. In particular it 
is important to determine the extent to which there may be 
a causal relationship between low frequency dielectric 
constant and the mode of accommodation of non- 
stoichiometry which, at present. is by no means certain. 


R. J. D. Turey 
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Crystal structure of rustumite 


RusrumiTe was first described by Agrell’ as Ca,Si,0 (OH), 
space group Ce or C2/c, a = 7.62(5), b = 18.55(5), c = 
15.51(5)A, B = 104°20'(10’), with Z = 10. The crystal structure 
we describe here, in space group C2/c (R = 11.3% for all data) 
gives, instead, an ideal formula Ca,9(Si,0;),SiO ;Cl,(OH),, with 
Z = 4. The important features of the completed structure are 
the presence of chlorine and of orthosilicate groups in addition 
to SiO, groups. 

The experimental intensity data, from a naturally occurring 
single crystal, comprised 2,100 independent reflections for layers 
0-9, k.d (sin?@ < 0.2) obtained with a Hilger and Watts Y-190 
linear diffractometer and Mo-Ka radiation, using the cell 
dimensions given by Agrell’. Of this data, 282 reflections were 
classed as ‘unobserved’, and were excluded from all further 
calculations. 

Solution of the Patterson map was hindered by the large 
number of atoms in the unit cell (~ 150), permitting the detec- 
tion of only four (or more)-multiple peaks, and the presence of 
subtranslations of ~ a/4, ~ 6/6 and ~ c/6 among the Patterson 
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Table 1 Rustumite—atomic parameters 





Fractional coordinates 


(10°) Biso Occupancy 

Atom xja yib zje Å?2(10?) (102) 
Call) 2,5844) 3,5200)  2,498(2) 95(4) 98(1) 
Ca(2)  4,399%4) 3,024(1)  6,192(2) 96(4) 971) 
Ca(3)  5,760(4) 2,068(1)  4,039(2) 95(4) 96(1) 
Ca(4)  3,298(4) 23222) 40172) 1024) 98(1) 
Ca(5)  3,106(4) 5,148(1)  3,964(2) 93(4) 97(1) 
Si) 4,420(5) 6,3192) -5,614(2) 76(5) 98(1) 
$i(2) 3,692(5) 1,340(2) — 5,643(2) 83(5) 99(1) 
OU) 3,349(12)  3,786(5) 4, 161(6) 99(16) 93(2) 
OQ) 4.78212)  1,759(5)  6,518(6) 96(15) 98(2) 
OG) 4,318(12) 523(5)  5,55%6)  118(15) 98(2) 
O(4) 4.629112)  5,760(5)  1,594(6) 95(15) 97(2) 
OG) 3,503(13) 1,770(5)  4,725(6) 11017) 89(2) 
Os) 3.76713)  6,870(5) —4,777(6)  105(16) 93(2) 
o7) 4.23613)  3,277(5)  1,516(6)  136(16) 98(2) 
os) 3.16813) 4,778(5) 2,4816) . 107(15) 97(2) 
og) 3,695(13)  4,476(5) 429(6) 11916) 94(2) 
O10) —-.2,384(6) 2,961(2) 7,4583) 54(6) 204(2) 
oap 560(14) 5.8815) 3,5356) - 123017) 91(2) 
_SiG)* 1/2 §,276(3) 1/4 82(8) 97(2) 


Estimated standard deviations applicable to the least significant 
digits are given in parentheses. 

*5i(3) is in the special position 4e of C2/c, while all other atoms 
occupy general (8f) positions. 








Fig. 1 Rustumite—(O10) projection of one half of the unit-cell, | 

The Si,O, and SiO, groups are indicated as polyhedra, The Ca» 

atoms overlap in pairs: @, pack Cal’), (Ca4, Ca5);°O; (Ca2; 
a ). Aedes 


peaks. Nevertheless, an initial structure was established in the _ : 


space group Cl by double superposition using two multiple. 


peaks as shift vectors? and consideration of the vector sub- = 


system?, 


In the course of refinement by the usual Fourier methods, as : 
the remaining atoms of the structure appeared, the presence of. 


first the twofold axis and finally the c-glide became obvious. The 
final solution in the space group C2/c, refined by block diagonal 
least squares using all of the observed reflections. except 171 
which showed especially poor agreement between Fy and Fe, 
gave the parameters of Table 1. At this stage R was 7.4 ° for the 
data included in least squares (11.3 °% over all observed data). 
In the asymmetric unit it is easy to pick out, apart from the. 


five Ca atoms, an (Si,O;)~ group (involving Sil and Si2) and 
an (SiO,)'~ group involving Si3 on a twofold axis (Fig. 1) = 


leaving only O10 and O11. The atom O10 yields a peak in the 
electron density maps comparable in size with Si3, gives 
an occupancy factor (refined as oxygen) of ~ 2.0 inleast squares. 
refinement and has no nearest-neighbour Ca atom closer than Bo 


2.75A, all consistent with this atom being Cl. Bogomolov and ii 


Organova (personal communication) have given analytical data a 
for chloride in rustumite. weve? 
Whereas all other O atoms, including O10, are four-coordinate, 





O11 has only three Ca nearest neighbours (Ca —O, 2.33 —2.37A) 


all to one side of it, clearly allowing completion of its tetra- 
hedral coordination by a hydrogen. atom. Therefore, although 


there is no clear evidence for the. H atom in the electron density. o 


or difference maps, Ol 1 can reasonably be regarded asa hydroxyl 
group to give the formula Ca.(Si,O,)(SiO4)o,;CK(OH) for the. 


formula of the assymetric unit (eight per cell) of rustumite. The 


cell contents are then Cay SizgO;sCl,(OH)s compared ‘with 
CaypSi2oO 7o(OH)2o from Agrell’s formula. 


We thank Professor H. F. W. Taylor for bringing this problem o 
to our attention and the SRC for a grant to V.V.L E 
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Imaging practical 

surfaces in a field ion microscope 


APPLICATIONS of the field ion microscope (FIM), have been 
restricted probably because of the need for specially 
prepared specimens. We present here, for the first time. 
experimental data on imaging practical surfaces with the 
FIM. This should provide more applications for this instru- 
ment especially in studying multi-protrusions or whiskers. 

The techniques used in the FIM including the vacuum 
system are conventional. In the first stage of the experi- 
ments, we tried imaging multi-tips from a single tip holder 
Surprisingly, we could identify the individual images of the 
single tips, and these were geometrically superposed 
The images of twin tips of tungsten are shown in Fig. la 
Figure 1b shows a simulated pattern obtained by super- 
posing two negatives of a single tip image of tungsten. The 
close correspondence between the two patterns is striking. 
This imaging was repeated for three and so on up to 
seven tips. In each case it was possible to get the resolved 
images although their stability was poor because of the un- 
avoidable differences in specimen tip size. shape and rela- 
tive displacements, all of which led to a vast difference of 
field concentrations about each tip 





a, Twin tips of tungsten imaged. b, Superposed images 
of two tungsten tips. Voltage, 17 kV. 


Fig. 1 


In each case, another striking observation was made 
after the tips were blunted by rapid field-evaporation. Even 
at the highest voltage of 28 kV (limited by our high voltage 
unit), no resolved image could be seen. In all these cases. 
however, the image pattern exposed bright circles—usually 
rings with haloes around them—the number corresponding 
to the number of multi-tips mounted for the projection 
(Figs 2, 3), Using scanning electron microscope (SEM) 
patterns for these tips, and assuming an approximate field- 
factor, the magnification for these tips was estimated and a 
good experimental fit was observed. But the reason for 
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Fig. 2 Image of four tips depicting four rings. Voltage, 25 kV. 

these bright ring images is not clear, As tips were blunt, 
the available voltage was probably insufficient to obtain best 
imaging voltage (BIV) with helium gas. All imaging was 
done at background pressure of 10~" torr or less. At the liquid 
nitrogen temperatures at which our voltages were applied, 
nitrogen and other residual gases probably reached the tip 
by surface migration along the shank', and then field- 





Fig. 3 Image of seven tips depiciing seven rings. Voltage, 42 kV. 

evaporated. Did the dimension of the ring, then, represent 
the tip diameter? If the relative displacements of these tips 
could be assumed, then these images would help trace the 
electric field contours and field-factor determination for 
these complex conditions. At times, one could even observe 
very strange cross lines (Fig. 4) which can only be under- 
stood as representing the arc of field distribution which 





Fig. 4 Cross lines depicting potential profile. Voltage, 45 kV. 
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would be too complicated to map for the multiple tips case 
where equipotential overlappings are expected. 

In a later experiment carried out on three tip specimens, 
an interesting feature was observed. After the first flashings 
and bluntings of the tips, one microprotrusion, probably 
belonging to one of the blunt tips became very well resolved 
at a voltage of 32 kV. When the imaging gas helium was 
cut out, the resolved tip image disappeared completely 
leaving the surrounding random adsorption pattern un- 
changed (Fig. 5a, b). This resolved image could also be 
field-evaporated later atom by atom in a controlled fashion 
until the image completely vanished. The protrusion size 
calculated from the evaporated rings was 21 A. 

Our most interesting results were obtained when a good 
low voltage single tip (Fig. 6) slipped and fractured during 
rapid field-evaporation. On raising the voltage, distinct 
circles were seen (Fig. 7), representing different micro- 
protrusions created on the main tip by the fracture. One 
ring was seen as distinctly separated from an overlapping 
group (estimated to be four) of rings. At a higher voltage, 





Fig. 5 a, Image of deformed tip without imaging gas. b, Image 
of the same tip with helium gas. Voltage, 32 kV. 


~41 kV, this group of overlapping rings resolved (Fig. 8) 
and at least one well defined symmetric tungsten image 
could be clearly detected. This microprotrusion could be 
clearly field-evaporated and imaged without any inter- 
ference. The radius of the original tip was calculated using 
both Bowkett’s’ and Müller's" methods and a value of 220A 
was obtained. By a similar method, the radius of the micro- 
protrusion was calculated to be 35 A. Using Rose’s* formula 
for magnification enhancement for a conducting protrusion 
on a field emitter, we calculated the magnification expected 
for our micro-tip and, finally, its image diameter as 
observed on the screen. The calculated diameter was about 
4cm and the experimentally observed image was a ring 3.7 
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Fig. 6 Single tip of tungsten. BIV, 9.8 kV. 


cm in diameter. The SEM pattern taken at the end of this 
experiment did not indicate the presence of a protrusion. 
This renders our technique more sensitive for the detection 
of such extremely small protrusions unresolved by other 
microscopic techniques available 





Fig. 7 Tip of tungsten (tne same as in Fig. 6) after a flash. 
Voltage, 18 kV. 


To conclude, it is possible to resolve individual micropro- 
trusions of a few tens of Angstroms on a practical surface 
using the field ion microscope. 

Further it seems feasible to (1) map equipotentials for 
complex distribution of conducting protrusions on a surface 
and calculate field factors which hitherto was not possible; 





Fig. 8 Resolved microtip. Voltage, 43 kV. 
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and (2) image simultaneously and without mutual inter- 
ference, dissimilar elements that can be grown as micro- 
protrusions or whiskers. This will enable us to understand 
specific sites on the substrate for nucleation, in relation to 
crystallographic features and so on. The atom probe° 
coupled to this mode of operation of FIM will permit us to 
chemically identify individual atoms from different protru- 
sions. l 

We are grateful to the late Dr D. Y. Phadke who en- 
couraged this unconventional approach. 
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Archaeological evidence for 
Subrecent seismic activity 
along the Dead Sea-Jordan Rift 


EXAMINATION of archaeological sites and records in the 
Levant reveals features of destruction attributable to 
ancient earthquakes, which may help in verification of old 
earthquake catalogues and in assessment of seismic hazards. 

Regional seismicity in Israel is characterised by sporadic 
shocks of up to M=7, separated by long quiescent periods. 
The shocks, believed to originate mainly along the Dead 
Sea~Jordan Rift, where microtremors occur also during the 
quiescent periods, are documented by instrumental and 
historical data’™’. Historical earthquake evidence, however, 
is based on biblical, ecclesiastical and historical chronicles, 
which are tainted by superstition, exaggeration and mis- 
interpretation of natural phenomena. Consequently, the 
estimates of incidence, intensity and distribution of 
individual shocks presented by different cataloguers differ 
considerably*7***. 

To obtain material evidence", we have examined the 
record of archaeological excavations in Israel, searching for 
reports of catastrophic damage at explored sites. Summaries 
of archaeological findings’? and responses to question- 
naires circulated among Israeli archaeologists revealed 
numerous cases in which destruction and desertion were 
attributed to major earthquakes (Table 1). Field examina- 
tion of the reputed features of seismic damage (for example, 
joints, cracks, faults and breakage: tilted and distorted walls, 
buildings and aqueducts; oriented collapse and subsidence; 
and parallel alignment of fallen columns and masonry) 
showed them to be less unequivocal than generally assumed 
by archaeologists, because very similar effects may be caused 
by poor construction or unfavourable geotechnical con- 
ditions, unrelated to any seismic events. At the same time, 
it seems that these ‘earthquake indicators’ were used by 
archaeologists fairly consistently, and that the assignment of 
such features of architectural damage to seismic shocks at 
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Fig. 1 Distribution of suspected pre-Crusader archaeoseismic 

damage in Israel. ©, Sites with one or.two exposed buildings. 

A, Sites with numerous exposed buildings and structures. 

©, A. Sites with reported archaeoseismic damage. Numbers 

refer to locations presented in Table 1. Heavy lines: major 
Rift faults. 


any individual site, though probably prejudiced by interpret- 
ation of historical records, was unbiased by previous 
geological or geotechnical considerations. 

Of all the excavated pre-1000 ap (pre-Crusader) sites, 
which are fairly evenly distributed over northern and 
central Israel, although sparser in the more arid south, we 
plotted in Fig. 1 only those where excavations uncovered 
building elements of extent and quality sufficiently high for 
features of architectural damage not to pass unnoticed. On 
the same map we marked all the sites with supposed seismic 
damage. The shock-affected sites differ in lithological and 
topographical setting, and most of them are located along 
the Dead Sea-Jordan Rift and its margins. This concentra- 
tion (about 75%) is greater than that indicated in the histori- 
cal catalogues (15-30% of references mention the Rift 
zone). The present distribution of these sites does not show 
whether they are located along the major Rift faults or 
along subsidiary crescentic faults and blocks or both, It 
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Table 1. Reports of ancient seismic damage at archaeological sites in Israel 





Location number 


me 











(Fig. 1) Site Evidence Age of damage Reference 
1 Ai Widespread destruction, 27th century Bc 11, 12 
collapse of buildings, 
breakage, tilting 
2 Avdat (Eboda) Damaged city walls and buildings, 5-6th century AD 11, 12 
cracks, subsequent repairs 
3 Beit Shean Disturbances and collapse ? 11, 12 
in the northern cemetary 
4 Caesarea Disturbed offshore moles 2nd century AD 11, 12 
and port installations, : 
tilted walls : 
5 Ein Hanaziv Oriented collapse, alignment 7th century AD 13 
of fallen masonry 
6 Hazor Tilted columns, walls and 8th century Bc 11,12 
buildings 
7 Jericho- Collapse and slides ? 11,12 
Tel el Sultan 
8 Jericho- Tilted and distorted walls, Ist century Bc 14 
Tel Abu Alaik collapse, subsidence and 
i breakage 
9 Jericho- Destruction and collapse 8th century AD 41, 12 
Khirbetel Mafjar 
10 Khirbet Qumran Displacement and breakage, ist century BC 11,12 
cracks 
11 te Khirbet Magari Violent destruction, 7-8th century BC 11, 12 
cee collapse 
12 Khirbet Shama collapse, tilted and distorted (?) 4-5th century AD 15 
walls 
13 Kypros Collapse, imbricated ? Meshel: 
fallen masonry (unpublished) 
140 Massada Disturbed floors Ist century BC 11, 1200. 
Tilted wails, aligned fallen Ist century BC 
masonry, cracks, collapse and later shocks 
15 Shivta Damaged buildings and 5-6th century AD 11,12 
collapse 
16 Susita Tilted buildings and walls, ? 11, 12 
aligned fallen columns 
17 Tel Afeq Tilted and distorted walls, Sth century aD 16 
(Antipatris) breakage, subsided arches 
18 Telellat Ghassul Tilting, faulting, cracks, 40th century Bc 17, 18 
subsidence and collapse 
19 Tiberias Desertion of the southern lith century AD Foerster 
city (personal 
communication) 





seems to show, however, that the Rift region is seismo- 
genic and that the seismic hazards here are relatively high. 
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Bacterial sulphate reduction 
and calcite precipitation in 
hypersaline deposition of bituminous shales. 


Bituminous shales of the Ghareb Formation of Maastrich- 
tian age from Nebi Musa (near Jericho, Jordan Valley) 
were analysed for their texture, mineralogical and chemical 
composition. The results from the lowermost bed of the 
formation are of broad interest, and indicate special 
diagenetic processes affecting sediments rich in organic 
material deposited in an anaerobic hypersaline environment. 
Single crystal calcite replacement of gypsum infilling of 
foraminifera and a predominance of even over odd carbon 
numbers among Cx—Cy n-alkanes indicate sulphate reducing 
bacterial activity during deposition of bituminous shales in 
a hypersaline environment. 

The samples taken consist of hard black calcareous shale 
with up to 15% organic carbon, containing also kaolinite, 
detrital phosphate and pyrite. Foraminifera constitute a 
major component—particularly thin walled, small plank- 








tonic ones. The benthonic foraminiferal fauna is composed 
exclusively of numerous specimens of Buliminidae of one 
or two species only. Exclusively benthonic Buliminidae 
assemblages occurring in the phosphates of the underlying 
Mishash Formation were interpreted as indicating semi- 
closed, near-shore basins with low surface salinity and 
oxygen deficiency’. The addition of abundant planktonic 
foraminifera to the Buliminidae assemblages in the Ghareb 
Formation may indicate a change of salinity in the surface 
waters. The organic matter (mostly kerogen) is dispersed 
and no structure indicative of its source can be observed 
even in the scanning electron microscope (SEM). 

A mineralogical investigation using petrographic micro- 
scopy, X-ray diffraction and microprobe analysis revealed 
that the foraminiferal tests are filled with either of the 
following minerals: gypsum, single crystals of calcite, and 
pyrite, which is also dispersed in the matrix. The calcite 
infilling in the form of a single crystal in a foraminiferal 
chamber or a whole test was observed optically under the 
petrographic microscope and morphologically in the SEM. 
Locally, stages in the replacement of gypsum by single 
crystal calcite growth can be observed with the SEM (Fig. 
la), as well as steps towards complete single crystal calcite 
infilling of a foraminiferal test (Fig. 16, 1c). This infilling 
cannot be regarded as a late diagenetic sparry calcite mosaic 
from which it differs in texture. Moreover, sparry calcite 
development through dissolution and precipitation is not 
likely to have taken place in the impervious shales. 

The samples from the lower Ghareb Formation showing 
these mineralogical features also exhibit particular organo- 
geochemical markers, especially with regard to the n- 
alkanes extracted. There is a high concentration of n-Cis 
alkane and a prominent envelope in the C-C» carbon 
number range, in which even carbon number Cx and Cy 
predominate over their odd carbon number homologues 
(Fig. 25). This n-alkane distribution differs from that of 
living and fossil higher plants, which are characterised by a 
prominent envelope in the Cx—Cy range, with a marked odd 
over even preference’’, as well as from that of algae and 
photosynthetic bacteria marked by a higher concentration 
around n-C); (refs 4-6), such as is found in higher strata of 
this formation (Fig. 2a). 

Even over odd preference in the C-C» range in rock 
extracted n-alkanes was attributed to highly saline environ- 
ments mainly on the basis of local geological and sedimento- 
logical considerations’’*. Studies of the n-alkane content of 
algae and bacteria grown in the laboratory showed that 
non-photosynthetic anaerobic bacteria have a high concen- 
tration of n-C and longer chain alkanes**. An even over 
odd preference in the Cæ-Cs range of n-alkanes was re- 
ported from cultures of Desulfovibrio hildenborough', a 
common sulphate reducing bacterial species. It seems, 
therefore, that the n-alkane distribution of the samples 
investigated is indicative of contributions from both 
anaerobic, non-photosynthetic, as well as sulphate reducing 
bacteria. 
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Fig. 1 Scanning electron micro- 
graphs of calcite replacement of 
gypsum infilling of foraminiferal 
tests. a, Chamber filled with gyp- 
sum (pitted surface) and a calcite 
crystal growing in its centre. Scale 
bar 5 um. b, Chamber partially 
filled with a euhedral single calcite 
crystal. Scale bar 5 um. c, Fora- 
minifera completely filled with 
single calcite crystals. Note the 
preservation of the original thin 
walls. Scale bar 50 um. 


The palaeontological and sedimentological record of the 

lowermost beds of the Ghareb Formation, the occurrence 
of gypsum infillings of foraminiferal tests, the single crystal 
calcite replacement of gypsum, as well as the peculiar n- 
alkane distribution which resembles that of anaerobic and 
sulphate reducing bacteria, can all be interpreted in terms 
of environment of deposition and early diagenetic processes 
as follows. 
(1) The bituminous shales were deposited on the bottom of 
a hypersaline, stratified lagoon, the upper oxygenated, 
highly productive layer of which was rich in planktonic 
foraminifera, mainly in the outer part of the lagoon. 
Organic matter accumulated on the anoxic bottom. (2) 
Empty foraminiferal tests transported to the inner margin 
of the lagoon were filled with gypsum either in the upper 
layer or on the bottom immediately after settling. (3) 
Anaerobic non-photosynthetic and sulphate reducing bac- 
terial activity resulted in dissolution of gypsum according 
to the generalised formula® 


2CH:O + Ca**+S0O,7> — H:S+Ca** +2HCO; -~ 


thus increasing the bicarbonate and calcium ion concentra- 
tion. (4) The waters of the lagoon were already over- 
saturated with regard to calcium carbonate, therefore, cal- 
cite precipitation took place concomitantly where gypsum 
was dissolved. (5) The presence of pyrite is at least partly 
due to the production of HS during these reactions. 


Fig. 2 Gas chromatograms of n-alkanes from the Ghareb 

Formation. a, Characteristic n-alkane distribution of the bitu- 

minous Ghareb Formation; b, n-alkane distribution of the 

lowermost bed. Separation on 6 foot 4 inch column packed 

with 2% Apiezon L on Gas Chrom Z, programming 100-290 °C, 
4 `C per min. 
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The process of single «crystal calcite replacement of 
gypsum infillings of foraminiferal tests, thus envisaged, 
takes place in a combination of strictly defined conditions : 
water oversaturated with respect to calcium carbonate and 
gypsum, in the presence of organic material and sulphate 
reducing bacteria. It is probable that such replacement is 
génierally indicative of this type of sedimentary environment. 
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Inducer of pectic acid 
lyase in Erwinia carotovora 


Pectic acid (polygalacturonic acid) lyase (EC 4.2.2.2., PAL) 
formed in bacteria, catalyses the transeliminative cleavage 
of pectic acid’. Because PAL both macerates plant tissues 
and causes cell leakage and death’’, it has often been 
investigated biochemically from the industrial and plant 
pathological point of view. Physiological studies, however, 
have been limited, probably because PAL is in part an 
extracellular enzyme‘. Thus most studies of its inducibility 
have compared activities in filtrates of cells cultured on 
different carbon sources’’*. But assay of an extracellular 
enzyme does not necessarily reveal changes in its rate of 
synthesis. In Erwinia carotovora, however, the PAL that 
can be purified from cell-free extracts is probably the 
same protein as the extracellular enzyme’. In strain EC-1 
of E. carotovora, non-induced PAL activity is three to 
four times greater in cell-free extracts than in the culture 
filtrate during log phase growth, and the relative rate of 
increase of intracellular enzyme activity after induction 
is 130 times greater than the rate of release of PAL into 
the culture filtrate (unpublished data). I therefore used 
this strain to study induction by measuring PAL activities 
in cell-free extracts. I report here that the inducer of 
PAL in E. carotovora may not be pectic acid itself but 
its breakdown product. 

Maximum differential activity has been reported to be 
in the culture fluid grown on pectic acid®. To test this, 
after the additionof pectic acid into minimal medium of 
Mikula eral.’ (without. sodium citrate) time course 
samples were taken, washed, sonicated and assayed by the 
thiobarbituric acid method". The inducibility of PAL by 
pectic acid was shown by an increase in PAL specific 
activity (Fig. la) The long lag before the onset of 
induction, however, suggested: that pectic acid was not 
inducing directly. It is unlikely that the lag simply reflects 
a low initial rate of uptake of pectic acid because (1) 
induction was further delayed and a growth lag was 
observed when pectic acid was added to washed cultures 
rather than directly to cultures grown in glycerol (Fig. 
la and b) or citrate (data not shown); (2) the lag for the 
induction by pectic acid was further delayed when 10°°M 
EDTA was added in addition to pectic acid, and this 
could be abolished by addition of 10M CaCl in 
addition to EDTA and pectic acid (Fig. Ia). Because 
Ca** has been reported to activate many bacterial pectic 
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Fig. 1 Kinetics of the induction of PAL by pectic acid. a, 
Induction was initiated by the addition of 0.5% pectic acid, 
pH 8.3, with 10- M CaCl, or 107° M EDTA, either directly 
(closed symbols) or after washing (open symbols), to EC-1 
cultures grown in minimal’ + 2% glycerol medium to Aass Of > 


about 0.1. At intervals, 6-mi samples were withdrawn, washed 
twice and resuspended in 1.5 ml of Tris-HC1 buffer (0.05 M, 
DH 8.0). Suspensions were sonicated and the cell debris was 
removed by centrifugation for 15 min at 10,000g. PAL activity 
was measured by a modified thiobarbituric acid method®. One 
unit of PAL is defined as the amount of enzyme which produces 
lpmol of UDG per h: Specific activity is expressed as units of 
enzyme activity per mg of protein. Protein concentrations were 
determined by the method of Lowry". b, During the induction 
experiment growth was measured as the increase in absorbance 
at 655 nm after the addition of pectic acid. @, ©, Pectate; 
A, A, pectate + EDTA; V, pectate + EDTA + CaCl, 


acid lyases (including the Erwinia enzyme’), these two 
observations suggest that some product of pectic acid 
degradation by the non-induced level of PAL in culture 
filtrate is the true inducing metabolite. 

The true inducing metabolite of PAL was sought. in 
time-course induction experiments after the addition of 
one of the purified metabolites of pectic acid into the 
minimal medium’ as a sole carbon source. The major end 
product of the cleavage of pectic acid by E. carotovora 
PAL is O-(4-deoxy-B-L-threo-hexo-pyranos-4-enyluronate)- 
(1-4)-p-galacturonic acid (unsaturated digalacturonic acid, 
UDG). The rapid induction was observed specifically when 
2x10°°M purified UDG? was added (Fig. 2), Pectic acid 
is also degraded by hydrolytic polygalacturonase (EC 
2.3.1.15., PG) of E. carotovora’. No induction was 
observed, however, after the addition of galacturonic acid, 
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Fig. 2 Kinetics of the induction of PAL by UDG. The procedures 

were the same as in Fig. | except that 2x 10M UDG or 

26x107? M galacturonic acid instead of pectic acid was added 
after washing the cultures. @, UDG; A, galacturonate. 


which is the major product of the cleavage of pectic acid 
by E. carotovora PG (Fig. 2)’. 

UDG is further metabolised to 4-deoxy-.-threo-5- 
hexoseulose uronic acid by oligogalacturonic acid lyase 
(EC 4.2.2.6., OGL)”, but as the induction of PAL and 
OGL is uncoordinate in Erwinia’, UDG rather than its 
further breakdown product is likely to be the true inducer. 
The inducer, however, might be a product of unsaturated 
digalacturonic acid formed by way of a minor pathway, 
as shown with Escherichia coli B-galactosidase, where the 
transfer products of lactose, 1,6-galactosido-glucose and 
galactosido-glycerol are inducers”. 

Data concerning other plant pathogenic bacteria and 
evidence for catabolite repression of PAL will be pub- 
lished elsewhere. Product-induction may well be a 
mechanism for regulating other enzymes which have 
macromolecular substrates. The specific inhibition of PAL 
induction may also provide an approach to the control of 
plant diseases with non-toxic agents. 
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Steroids stimulate secretion 
by insect Malpighian tubules 


Durinc the growth and development of insects there are 
tapid changes in the concentrations of the moulting 
hormones (ecdysteroids). In the locust Locusta migratoria 
the rate of excretion of the moulting hormones is one 
factor which regulates the ecdysteroid titre’?. The experi- 
ments reported here show that the presence of ecdysteroids 
causes an increase in the rate of urine production by the 
Malpighian tubules of the tsetse fly Glossina morsitans. 
Previously there has been no evidence to suggest that 
steroid hormones are involved in the control of excretion 
in insects’. These results may therefore indicate both a 
new function for steroids in insects and a new control 
system for insect excretory systems. 

Teneral adult male flies, 24-48h after emergence, were 
used in all experiments. Sections (about 1cm) of their 
Malpighian tubules were removed and set up in vitro in 
drops of Ringer solution under liquid paraffin‘. In the 
absence of a stimulant the tubules secreted very slowly 
but the addition of extracts of the thoracic ganglion of 
the fly (which contains the diuretic hormone’) or cyclic 
AMP caused a rapid increase in the rate of secretion. 
The high rate was maintained as long as the stimulants 
were present but rapidly reverted to the unstimulated 
level when they were removed (Fig. 1). The addition of 
ecdysone (a-ecdysone) or ecdysterone (8-ecdysone) to the 
bathing drop also caused an increase in the rate of secretion 
but the time course of this response was very different 
from that which was elicited by the diuretic hormone or 
cyclic AMP (Fig. 1). A delay of 20-40 min occurred 
between the addition of the ecdysteroid and the com- 
mencement of fluid secretion by the isolated Malpighian 
tubule. After the ecdysteroid was removed the rate of 
secretion returned to its unstimulated level only very 
slowly. Where tubules were left in bathing drops con- 
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Fig. 1 Rate of secretion of a typical in vitro preparation of a 
Glossina Malpighian tubule. A tubule was isolated into a bathing 
drop of Ringer solution, composition (mM) NaCl, 120; KCI, 10; 
glucose, 20; malic acid, 3; citric acid, 2; MgCl, 6H,O, 2; 
NaH,.PO,. 2H.O, 1.5; CaCl,. 6H.O, 2; pH adjusted to 7 with 
NaOH and phenol red added to keep constant check on pH. The 
bathing drop was replaced by Ringer containing 107° M cyclic 
AMP for the period shown, after which the tubule was returned 
to basic Ringer before being transferred to Ringer containing 
10~° M ecdysone. Finally ,the tubule was returned to basic Ringer. 
Experiments were performed at 25-28 °C. 
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taining the ecdysteroids they continued to secrete for 
many hours. At higher temperatures (28-31 °C), though 
initially the tubules secreted more rapidly in the presence 
of the ecdysteroids, the preparations deteriorated after 
2-3 h and secretion ceased. 

Ecdysone and ecdysterone elicited secretory responses 
_of ‘similar magnitudes. Expressed as a percentage of the 
maximum response of the tubule stimulated by cyclic 
AMP, 10°°M ecdysone produced a response of 32.7+7.0% 
(mean +2Xs.e., n= 8) and 107° M ecdysterone a response 
of 26.3% +3.8% (n=5). Concentrations above 10°°M 
were found to cause no further increase in the rate of 
secretion. But, the rate of secretion decreased with 
decreasing steroid concentrations below 10°°M, down to 
a threshold response at 2x10 M. The response of the 
tubules at these low concentrations indicates that they 
would be stimulated to secrete by ecdysteroids at the con- 
centration which is present in the haemolymph of teneral 
adult male Glossina. This was estimated by radioimmuno- 
assay to be 375 pmol g`. Whole insect extracts of teneral 
male flies of the same age contained 203+38 pmol g™ 
(meant2xs.e.,  =.12; unpublished observations of 
D.L.W.). Approximately half the total ecdysteroid con- 
tent of the fly is theréfore present in the haemolymph. 
Whole fly extracts assayed by radioimmunoassay have 
shown a concentration of 600 pmolg™ in adult male 
Calliphora (J.K. unpublished observations) and the 
concentration of ecdysterone in adult male Drosophila 
measured by gas-liquid chromatography (350 pmol g`™ fresh 
weight) is in fact higher than at any other stage of its life 
cycle®. It has been known for some time that ecdysteroids 
are present in adult insects’. In female Locusta® and 
Bombyx’ they are present in the ovaries and oocytes but 
previously there has been no hormonal function attributed 
to the high concentrations of ecdysteroids in adult male 
insects. 

The rates of secretion of Malpighian tubules in Ringer’s 
solution alone, in Ringer containing ecdysteroids and in 
Ringer containing other biologically active steroids are 
compared in Table 1. In all cases a delay between the intro- 
duction of the steroid and the commencement of secretion 
occurred (range 20-80 min) and the return to the base rate 
of secretion was slow. The time course of the response by 
Glossina Malpighian tubules to these steroids seems similar 
both to that of larval Drosophila salivary glands, exposed to 
ecdysterone’’ and to the response of vertebrate transporting 
epithelia to the mineralocorticoid aldosterone’. It was 
thought that the delayed response of the Glossina tubule 
preparation might similarly be due to the time required for 
the sequence of events (receptor interaction, transcription 
and translation) necessary for cells to respond to a steroid 
hormone. The delayed. recovery might. reflect activity of 
the proteins mediating.the action of the steroid hormone 
- continuing after the stimulating steroid was removed. To 
verify this, Malpighian tubules were stimulated to secrete 
by ecdysone in the presence of 104g mI actinomycin D 
which irreversibly inhibits transcription. Their response was 
not reduced (Table 1). If ecdysone stimulates secretion by 
Glossina Malpighian tubules by controlling protein synthesis 
it presumably therefore acts post-transcriptionally. 

Another way in which steroids might increase the rate 
of secretion is by altering the permeability of the basal 
membrane of the tubule cells. The rate of secretion of 
Glossina Malpighian tubules is thought to be determined by 
the permeability of their basal membrane to sodium” and 
it has been suggested that ecdysteroids are able to alter the 
permeability of cell and nuclear membranes to sodium and 
potassium". Cholesterol is also known to alter the permea- 
bility of cell membranes". 

The results of these experiments suggest new lines of 
investigation into both the control of insect Malpighian 





Table ł Rate of secretion of isolated Malpighian tubules in the 
presence of steroids 





Mean rate of 


secretion 
Steroid present (nl min ~+) 2Xs.e. n 
None 0.3 0.09 12 
Ecdysone 4.2 0.98 20 
Ecdysterone 3.4 1.06 9 
Cortisol 3.1 1.16 7 
Cholesterol 3.3 1.88 6 
Aldosterone 4.5 1.13 Qe, 
Ecdysone ee ECA 
+10 pg mi~ actinomycin D 5.1 1.22 AO: 








Steroids were used at a concentration of 10~* M, except for choles- 
terol which is only slightly soluble in water. A saturated solution of 


cholesterol in Ringer {containing approximately 0.2 mg:per 100ml : 


H,O) was centrifuged before it was added to the isolated preparation. 


The concentration of cholesterol in solution was approximately = 


5.17 x10 M. 


tubules and the function of ecdysteroids in insects. It has 
subsequently been shown that in Locusta also ecdysterone 
and cholesterol stimulate secretion by in vitro preparations 
of the Malpighian tubules (A. Berstein and W. Mordue, 
in preparation). Glossina tubules respond to ecdysteroids at 
concentrations within the physiological range and this 
response suggests a function for the high concentrations ‘of 
ecdysteroids present in adult male insects. The action of 
ecdysteroids (which control the growth and development 
of the larval stages of the insect) on the process of excretion: 
in the adult insect is especially interesting since.-the ` 
Malpighian tubules are one of the few organs which 
remain intact throughout metamorphosis. We have little 
knowledge of the identities or titres of steroids circulating 
in the haemolymph of adult insects. But, as this investi- 
gation suggests that they may have regulatory functions in 


insects, over and above that of controlling the development < 


of the larval and pupal stages, this may become an interest- 
ing new field of study. 
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Meiotic crossing-over in lily and mouse 


CyroLocicaL descriptions of meiosis have long been a 
staple of biology textbooks, but a biochemical account of 
the process with a comparable claim to universality has been 
unavailable. We present here evidence for a common 
pattern of DNA metabolism in male meiotic cells of lilies 
and rodents during the zygotene-pachytene stages when 
crossing-over is presumed to occur. The prevalence of a 
common pattern between species that are as phylogenetic- 
ally distant as lily and mouse has led us to conclude that 
the organisation for meiotic crossing-over in at least higher 
eukaryotes is probably universal in distribution. Four 
components of the pattern have been identified in separate 
studies of lilies, mice and rats, most of which have been or 
are being published elsewhere'™*: the transient appearance 
of a protein (‘R-protein’) that facilitates DNA reannealing: 
the programmed introduction of single strand nicks on 
completion or near completion of chromosome pairing; the 
repair of endogenously formed nicks and gaps either 
immediately following or overlapping the interval of nick- 
ing; the preferential localisation of gaps and nicks in 
specific DNA sequences. 

We described previously a protein in nuclei of Lilium 
meiocytes but not of its somatic cells which, like the gene-32 
protein, facilitated DNA reannealing*. A preliminary report 
on the presence of a similar protein in testicular nuclei of 
various mammals was also published*. This protein was 
judged to be significant to chromosome pairing and crossing- 
over because of its absence during premeiotic chromosome 
replication, its prominence during zygotene and pachytene, 
and the reduction of pairing and chiasma formation on 
disrupting its normal association with nuclear lipoprotein 
by colchicine treatment’. A more detailed study’ of the 
R-protein purified from rat testicular nuclei showed it to 
have properties distinctly different from those of unwinding 
proteins in calf thymus which have been thoroughly analysed 
by Herrick and Alberts’. The R-proteins from rat and lily, 
on the other hand, are very similar to the T4 gene-32 
protein with respect to promotion of DNA reassociation 
and of duplex unwinding in Mg’*-free medium. They are 
distinctive, however, in that the capacity for reassociation 
and DNA binding can be destroyed by phosphorylation 
with a cyclic AMP-dependent protein kinase. Dephosphory- 
lation with alkaline phosphatase restores the binding 
capacity’, but, as we have since observed, not the capacity 
for reassociation. 

We fractionated mouse spermatocytes according to 
spermatogenic stage and analysed each of the fractions for 
R-protein activity. Although the different meiotic stages of 
spermatocytes cannot be separated as well as those of 
Lilium microsporocytes, the respective profiles of R-protein 
activity during meiosis are very similar (Fig. 1). In both 
organisms, the R-protein is most prominent during the 
intervals of zygotene and pachytene when pairing and 
crossing-over occur. In neither organism is there any 
evidence for a substantial presence during premeiotic DNA 
replication when DNA synthesis is at least 300 times greater 
than during meiotic prophase. Circumstantial evidence thus 
indicates that in the case of the R-protein, unlike the 
gene-32 or similar microbial proteins, the recombinational 
function has been separated from the replicative one. 
Although the precise role of the R-protein in meiosis re- 
mains to be defined and its apparently marginal presence in 
somatic tissues needs to be explored, the evidence now 
available points to the conclusion that the R-protein is 
essential to chromosome pairing and/or crossing-over 
among higher eukaryotic organisms. 

In Lilium, single strand nicks and gaps appear in nuclear 
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Fig. 1 Changes in R-protein during meiosis in lily micro- 
sporocytes (@) and rat spermatocytes (<). The data on lily are 
from previous studies*. To permit a rough comparison in R- 
protein content between the two organisms, we have recalculated 
the values on lilies so that the numbers for lily and mouse reflect 
approximately equal amounts of meiocyte DNA. Spermatocytes 
were separated by a modified Staput procedure” into fractions 
designated by the predominant cell type: round spermatid 
(R-tid), early prophase (EP), late prophase (LP), and late 
spermatid (L-tid). Although R-tids are postmeiotic, the fraction 
is the only one containing cells in premeiotic S-phase and very 
early prophase. Separation of meiotic stages in the lily is unam- 
biguous: Premeiotic interphase including S-phase (int.), lepto- 
tene (lept.), zygotene (zyg.), pachytene (pachyt.), Divisions | 
and H (1-H). telophase (tel.). Nuclei from pooled spermatocytes 
were suspended in a buffered medium consisting of 20mM 
Tris-HCI, pH 7.5-25mM KCI-3mM CaCl,-0.lmM_ dithio- 
threitol, sonicated for 45 s at O°C, and the chromatin-free 
lipoprotein fraction isolated’. The lipoprotein material was 
resuspended in buffered medium and assayed for duplex and 
single-stranded DNA binding activity''. A discontinuous sucrose 
gradient was used to recover the bound DNA. The difference 
between the amounts of single strand and duplex DNA bound 
was considered to be R-protein. The activities are expressed in 
terms of R-protein content, based on assays of a purified protein 
which bound approximately 0.09 pg (@H)T7-DNA per ug R- 
protein. 


DNA at about the time that the pairing of homologous 
chromosomes is completed’. We have interpreted such 
endogenously regulated nicking as a necessary condition for 
crossing-over and have adduced evidence for the absence 
of nicking in situations where crossing-over fails to occur. 
A pattern of DNA nicking similar to the one in lilies has 
now been found in mouse spermatocytes’. In both species, 
zonal sedimentation profiles of single stranded DNA are 
bimodal at pachytene and unimodal at all other stages of 
meiosis, thus reflecting the introduction of nicks at the 
pachytene stage. The unimodal profiles peak at about 105S 
in the lily and 160S in the mouse, corresponding to 
molecular weights of 1.8 and 5.1 X 10° (ref. 10). Signifi- 
cantly perhaps, the slower sedimenting component in each 
of the bimodal profiles peaks at about 62S corresponding 
to a molecular weight of 48 x 10°. The changes in propor- 
tion of 62S DNA at different stages of meiosis in lily and 
mouse are shown in Fig. 2. Although the fraction of 628 
DNA at pachytene is slightly greater in the mouse, the total 
number of nicks per meiocyte is much larger in lilies, which 
have a haploid DNA content about 20 times that of mice. 
Since there are approximately 36 chiasmata per lily micro- 
sporocyte and 20 per mouse spermatocyte, the efficiency of 
converting nicks into crossovers is greater in mouse than 
in lily. There may indeed be an inverse relationship between 
genome size and efficiency of such conversion. In lily, there 
are about | X 10% nicks per crossover; in yeast, where a 
pattern of nicking similar to the one in lily has been 
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observed. 50% of the nicks seem to be converted into 
reciprocal crossovers''. Although we have no information 
on the mechanism relating nicking to the ultimate event of 
crossing-over, the occurrence of meiotic nicking in yeast 
lily and. mouse, is compelling evidence for the universality 
of endogenously regulated nicking in eukaryotes as a back- 
ground condition for crossing-over. 

‘Implicit in the profiles shown in Fig. 2 is the occurrence 
of sufficient repair synthesis. during pachytene to restore 
the linear integrity of the DNA to its prepachytene level. 
Direct evidence for repair replication has been obtained in 
both mouse and lily by pulse labelling of pachytene cells 
that had previously incorporated bromodeoxyuridine during 
the premeiotic S-phase". But. meiotic cells, like somatic 
ones. can repair DNA lesions at almost any stage of 
development. so that nicking, whether endogenous or 
exogenous in origin. would be expected to promote repair 
synthesis. That endogenous pachytene repair synthesis 
shares many features with exogenously induced repair has 
been adequately documented. There are, nevertheless, two 
distinguishing features of the endogenous process. One of 
these is the elevated capacity for repair in pachytene cells, 
a property that has been well demonstrated in the mouse”, 
and can also be demonstrated in lily. The other, more 
significant feature, concerns specific sites of nicking and re- 
pair, as discussed below. 

Commonly, frequency of crossing-over between two loci 
in a chromosome is considered to be a function of the 
physical distance between them. Although broad exceptions 
to this relationship have been documented", it might. 
nevertheless, be supposed that endogenous meiotic repair 
synthesis would be randomly distributed in the genome. 
This, however, is not the case. Cas profiles of DNA syn- 
thesised during pachytene show that the endogenous 
synthesis occurs preferentially in moderately repeated 
sequences (Fig. 3). Such preference is a unique character- 
istic of meiotic repair and not of repair in general; radiation- 
induced repair tracks the Cot profile of total DNA regardless 
of meiotic stage. In lily, 50%-70% of endogenous pachy- 
tene repair occurs in sequences that are repeated about 
1-2,000 times per genome and constitute at least 0.1% of 


Fig. 2 Changes in sedimentation behaviour of single-stranded 
DNA prepared from microsporocytes and spermatocytes at 
different stages of meiosis. The profiles are constructed from 
data obtained in analyses of gently lysed preparations over 
alkaline glycerol gradients. The proportion of 62S DNA is 
calculated from the weight distribution of DNA in the region of 
the gradient containing the 62S component. Designation of 
meiotic stages is the same as in Fig. 1. Stages beyond pachytene 
have been grouped under post-pachytene (Post-pachy.). Assign- 
ment of sedimentation characteristics to specific spermatocyte 
Stages is easier than in the case of the R-protein because the 62S 
component is prominent only during the pachytene stage. 
©, Lily; ©, mouse. 
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Fig. 3 Reassociation characteristics of mouse and lily DN, 
synthesised during the pachytene stage: The data displayed are 
from earlier analyses of Lilium microsporocytes*® and from |. 
recent analyses of mouse spermatocytes’. In the case of the- 
mouse, the data on pachytene are from. mice treated with 
hydroxyurea to inhibit semiconservative synthesis. In the: 
absence of hydroxyurea, the pachytene profile, though essens 
tially the same, is less pronounced because of contamination byo > 
S-phase cells*. C ,¢ characteristics of S-phase labelled DNA are: 
included for comparison. @, Lily; ©, mouse; x, Escherichia 
coli, © So AEE 4d 
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the total DNA". The precise lengths of the repeats have 
not been determined, but we estimate them to be in the 
neighbourhood of 100-200 bases'*. In mouse, 50% of the 
repair occurs in sequences that are repeated about + 
times per genome; the proportion of DNA thus involved i 
undetermined but it cannot be detected by absorba 
measurements, and is probably less than 1-2%. There is, 
however. one feature of pachytene synthesis in ‘mouse | 
spermatocytes which is not evident in lilies. In the profile 
shown in Fig. 3, about 25% of the pachyténe label reassoc- 
iates at a Cut value below 107°. This rapidly reannealing 
region is being analysed in greater detail, but it is already ~ 
clear that with 400-500 nucleotide fragments about 15% of 
the total pachytene label reassociates as foldback DNA, and o 
that 1/3 of the label present in the foldbacks is in duplex 
form. This observation is pertinent to speculations about 
the involvement. of hairpin loops in crossing-over™®™. The 7 
location of repeated sequences in lily and mouse in relation. . 
to single-copy ones needs to be determined, but it is evident 
from Fig. 3 that pachytene labelling does not. occur. 
exclusively in repeat sequcnces but is also present among. 
the lower repeat sequences. oe 
The evidence, limited. though it is, points unambiguously. 
to the conclusion that in organisms as diverse as lily and: 
mouse, metabolic events that are temporally associated with: = 
meiotic crossing-over share a common pattern. The prefer-. 
ential and programmed nicking of DNA in regions ofo 
moderate repeats, the similarity in spacing between nicked 
sites, and the temporal correlation between endogenous 
repair synthesis and cytological stage, are impressive 
examples of a conserved biochemical program for meiosis. - 
In our opinion, these examples provide for the observed 
regularity in crossing-over among higher organisms. ae 
This work was supported by grants from the USNIH > 
(HD 03015) and the NSF (PCM 76-09660). i 
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Evidence for two active X chromosomes 
in germ cells of female before meiotic entry 


THERE is considerable evidence that, as a result of some 
early embryonic event, the genes of one X chromosome 
in each somatic cell of the human female are not ex- 
pressed’. Studies of somatic tissues and cultured cells 
(including fibroblast clones) from human embryos, 
heterozygous for the common electrophoretic variant of 
glucose-6-phosphate dehydrogenase (G6PD), indicate that 
a single active X is present in cells from various tissues, 
at least by 5 weeks from conception’. On the other hand, 
the presence of the heteropolymorphic form of the enzyme 
in oocytes of the heterozygous adult female’ and a 16- 
week-old foetus’? is compelling evidence that, in meiotic 
stage germ cells, there are two active X chromosomes: 
however, the basis for the two active chromosomes in 
oocytes is not clear. It is conceivable that germ cell pro- 
genitors escape inactivation because inactivation occurs 
when cells destined to become germ cells have already 
been imprinted. Alternatively, only a single X chromosome 
may be active in all cells of the early zygote, with the 
second X activated only in germ cells at some time after 
their differentiation. The third possibility, that germ cells 
are subject to inactivation, but that reactivation occurs 
when meiosis commences, has been suggested by Gartler 
et al. because they did not observe the heteropolymer in 
ovaries from a {2-week-old human foetus heterozygous 
for the G6PD variant’. The ovary at that developmental 
stage contains approximately 23%. germ cells. with a pre- 
ponderance of premeiotic and leptotene germ cells’. But 
the implication that two functional X chromosomes are 
required for the onset of mammalian meiosis is not sup- 
ported by evidence that XO mice produce normal gametes’. 
Using human foetal material, we have now obtained 
evidence against the third possibility. 

We have studied ovarian extracts from foetuses hetero- 
zygous for the G6PD, variant. Specimens were obtained 
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(according to an approved protocol and with maternal 
consent) from dead foetuses in the Fertility Control Unit 
of the Johns Hopkins Hospital, where every effort is made 
to assure the accuracy of historical data. Electrophoresis 
for G6PD was carried out on cellulose acetate gels as 
before’. During this study, we obtained G6PD isozyme 
patterns from 35 males and 49 females of foetal age 
14-21 weeks. The patterns observed in lung tissue from 
these specimens indicate that the frequencies of the G6PD, 
and G6PDy alleles in the foetus are essentially that observed 
in somatic cells of a comparable adult population, and 
that, as expected, males have a single isozyme (Table 1). 
The age of each specimen was estimated from time of 
conception, on the basis of last menstrual period and 
measurements of mean foot length? and crown—rump 
length of the foetus (Table 2). From specimens obtained 
after urea-prostaglandin infusion. we ascertained 17 females 
of 14-21 weeks gestation who were heterozygous for the 
G6PD variants, and obtained ovarian tissue from 10 of 
them. From examination of more than 100 specimens 
obtained from suction procedures, we obtained a single 
appropriate specimen of ovary from a foetus of 8 weeks’ 


aeee 


Table 1 G6PD phenotype of foetal lung specimens 





Male Female 
No. of foetal specimens 35* 49 
G6PDasg 0 17 
G6PD, 7 6 
G6PD, 28 26 


neta 
* 23 further male specimens were ascertained, but not analysed for 
G6PD. 


conceptual age. Foetal specimens were assayed directly for 
the G6PD phenotype and, in each case, samples of lung 
were used as the somatic cell control for the ovarian 
specimen. Ovarian extracts were enriched for germ cells 
by pressing the foetal ovaries gently under a cover glass™'". 

The results of electrophoretic studies of these 11 speci- 
mens are presented in Table 2 and Fig. 1. In each case. 
lung specimens revealed the heterozygosity, having both A 
and B isozymes. [n all ovarian specimens studied, there 
were three isozymes with the heteropolymer migrating 
between the A and B bands. The intensity of the hetero- 
polymer varied considerably. The band ratio of 1A :2 
heteropolymer : IB, which might be expected for the three 
enzymes in a pure population of oocytes, was not seen 
even in the specimens from the most mature foetuses 
(20-21 weeks). indicating dilution of the ovarian specimen 
by non-germ cells. We confirmed previous observations 
that the heteropolymer was less intense in cells of younger 





3 4 5 








Fig. 1 G6PD isozyme patterns from foetal somatic and germ cell extracts. a, M-63, 19-20 weeks: 1, lung; 2, ovary; 3, ovary enriched for 

germ cells. $, M-82, 17 weeks: 1, ovary: 2, ovary enriched for germ cells; 3 and 4, lung. c, M-46, 17 weeks: 1, ovary enriched for germ cells; 

3 and 3, lung. d, M-41, 16-17 weeks: I, ovary enriched for germ cells. e, M-73, 14-15 weeks: I, ovary: 2, ovary enriched for germ cells; 

3, lung. fand g, S-19, 8 weeks: | and 5, ovary enriched for germ celis; 2, lung; 3, ovary; 4, G6PDy marker. x, y and z indicate the source 
of the tracing in Fig. 2. 
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Table 2 Characteristics of foetal specimens heterozygous for the G6PD variants where ovaries were analysed 








Specimen 
From last menstrual period Estimated menstrual* 

M49 24 22-23 

M4 18-19 22-23 

- M63 13-17 21-22 

M53 2 20-21 
M82 = 22 18 
M115 20-21. 18 
M46 19 18 
M4! 20 19 
M28 16 — 
M73 14 16 
S19 9-10 9-10 


Foetal age in weeks 
Estimated gestationalt Probable foetal age 





2i 21 
20 20 
i9 19-20 
19 19 
17 17 
17 17 
17 17 
16 16-17 
16 15-16 
15 14-15 
8 8 








* Based on mean foot length. 
+ Based on crown-rump length. 


specimens’, most likely because of relatively greater con- 
tamination of these’ specimens by ovarian somatic cells. 
This is consistent withthe lesser number of germ cells 
known to be in ovaries of younger foetuses™ t. In contrast 
to previous observations’, we observed a heteropolymer 
even in the specimen from the 8-week-old foetus (Figs If 
and g and 2), at a time when the germ cell population is 
essentially premeiotic’''. Although a few germ cells in 
the leptotene and zygotene stages ‘of first meiotic metaphase 
have been described in the 12—13-week ovary, meiotic cells 
are not found in significant numbers until 16 weeks from 
conception”. The ovary of the 8-week specimen was at 
the lower limit of size necessary for the identification of 
the pertinent tissue; therefore, it is unlikely that studies 
of isozyme analysis of ovaries in younger foetal specimens 
are feasible. 

Our observations indicate that two X chromosomes are 
functioning in female germ cells, even before meiotic 
entry, and they are supported by the cytological observa- 
tions of Ohno, who did not ‘observe a precociously con- 
densed X chromosome in- mouse oogonia, nor in cells 
entering meiosis’. Because there seemed to be one 
condensed X chromosome in primordial germ cells of the 
yolk sac, he suggested that germ cells are X-inactivated 
but reactivated at the time of differentiation of primordial 


Fig. 2 Tracing from Joyce-Loebl recording microdensitometer 
showing GOPDau i isozyme pattern x without heteropolymer from 
lung shown in Fig. ta, slot 1: y with prominent heteropolymer 
from ovary shown in Fig. ta, slot 3: and z with heteropolymer 
from ovary of 8-week specimen shown in Fig. 1/, slot 5. 


germ cells into oogonia in the ovary. The presence of two... 
active X chromosomes in premeiotic: germ. cells, reported 
here, does not differentiate between escape from inactiva- 
tion and reactivation (or activation of the: second X), but 
excludes reactivation coincident with the-onset of m losis By 
This work was supported by a grant from NIH. 
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Transcriptional controls and dosage | a 
compensation in Drosophila melanogaster 
Dosage compensation is the equalisation of X-linked gene 








products in males and females. In Drosophila there is — 
substantial evidence to support the contention that both X 
chromosomes are simultaneously active in somatic cells of 
females', and that the regulatory mechanism operates at. 
the level of transcription’*. Most discussions of this 
mechanism have focused on the modulation of regulatory 
factors controlling the rate of RNA synthesis per tem- 
platet’. A change in the level of transcription may also 
be achieved by altering the quantity of template: We 
present here various arguments and some experimental 
evidence discounting controlled variation of total template 
as the basis for dosage compensation in Drosophila melano- 
gaster. 

Three means by which the number of copies of X-linked. 
genes may be equalised in male and female nuclei. come` 
to mind. First, the X chromosome may replicate earlier: 
during the phase in males than in females. This is 
thought to be the case in polytenic nuclei of larval 
salivary glands*” 





During a portion of the cell cycle, 
old and new copies of X-linked genes would be available 
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for transcription in male cells: the number of genes per 
cell would, therefore. be the same in males and females 
until that time when replication of X-linked genes occurred 
in the latter. A serious objection to this model is based 
on the observation that the S phase constitutes at most 
30%-40%% of the cell cycle (measurements performed on 
cleaving embryos and cells in culture, The male cells. 
therefore, spend a large portion of their existence in GI or 
G2 where the dosage of their X-linked genes relative 
to that of autosomal genes is either 1:2 or 2:4. 
Furthermore, if the difference in time of X chromosome 
replication between males and females were significant, 
a considerable proportion of the cells sampled at any 
given time in males and in females should have equivalent 
X DNA content. But, microspectrophotometric measure- 
ments of Feulgen-stained chromosomes indicate that the 
paired X’s in the salivary gland nuclei of female larvae 
have twice the DNA content of the single X in males 
(each measurement is made in reference to an autosomal, 
internal control)’. It is, therefore, improbable that 
the early replication of X-linked genes in male cells 
could lead to equal transcriptional steady states in males 
and females. 

A second possibility for template modulation would be 
the differential replication of X-linked genes in males. 
The unequal replication of specific sequences of the 
polytenic X chromosome in larval salivary glands is 
well documented. In a fully mature salivary gland chromo- 
some, the centric heterochromatin including the highly 
repetitive DNA sequences has not undergone any endo- 
replication; the nucleolus organiser region containing the 
ribosomal RNA cistrons is present in 150 to 200 laterally 
redundant copies; the euchromatic portion of the chromo- 
some is represented by more than 1.000 copies’. If 
the coding segments of all structural genes were to undergo 
an extra round of replication in male cells, their dosage 
would become equal to that of female cells. Recent 
experimental evidence makes the differential replication 
model of dosage compensation unlikely. Electron micro- 
scope measurements of nascent RNA transcripts suggest 
that these molecules are of considerable size, perhaps 
corresponding to entire chromomeres which, in Drosophila, 
average 30 kilobases (kb) in length’. The median size 
of poly(A)-containing nuclear RNA is 6kb, representing 
20% of an average chromomere’. In terms of the model, 
this should lead to a substantial amount of extra DNA 
in males which, as mentioned above, does not seem to 
be present. 
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coding sequences in males and females may be achieved 
through polyteny itself. If only a small fraction of all 
strands were active in transcription, males may compensate 
for X-linked gene dosage differences by transcribing twice 
the number of strands per X chromosome as would be 
active in females. Implicit to this model is the contention 
that when gene activity is measured in whole organisms 
at the level of enzyme activity or of a terminal phenotypic 
product (eye pigment, for example), the compensatory 
effect stems from gene activity in polytenic cells. This 
cell type is found in both larvae and adults and may be 
ubiquitous enough to mask the lack of compensation 
in the strictly diploid tissues of the organism. 

To test whether dosage compensation is the result of 
some mechanism inherent to polytenisation, we have 
compared the expression of X-linked genes in imaginal 
disks and larval brain to that in larval fat body. The 
brain is mostly diploid with a very small fraction of cells 
which may be polytenic'’''’; imaginal disk cells are 
diploid; fat body cells are clearly polytenic’. Table 1 
shows activity levels of two X-linked enzymes (glucose-6- 
phosphate dehydrogenase—-G6PD, and 6-phosphogluconate 
dehydrogenase—6PGD) normalised to the activity levels 
of three autosomal enzymes (NADP-dependent isocitrate 
dehyrodgenase, a-glycerophosphate dehydrogenase, and 
aldehyde oxidase). Measurements were performed in larval 
tissues and adult thoraces and heads. All male individuals 
carried w*-Y, a Y chromosome bearing a small X fragment 
which includes the structural gene of 6PGD. Gene dosage 
for this enzyme is, therefore, the same in males and 
females, providing control evidence that activity differences 
of the magnitude expected could be detected by our 
experimental procedure. The male-female ratios of nor- 
malised G6PD activity are equal to or slightly greater 
than one, while the ratios of 6PGD activity are slightly 
less than or equal to two, in disks, fat body and adult 
tissues. These observations suggest the occurrence of 
dosage compensation in all these tissues. 

In summary, three possible models for equalising the 
number of copies of X-linked genes in Drosophila males 
and females have been considered. Existing data regarding 
the amount of DNA in X chromosomes and the proportion 
of the S phase in the cell cycle have been used to discredit 
early replication of the male X as a possible explanation 
for dosage compensation. It is unlikely that differential 
endoreplication of X-linked structural genes is occurring 
in males. Finally, we have shown that compensation 
cannot be ascribed to polytenisation per se. Therefore, 











Finally, the equalisation of effective X chromosome we conclude that mechanisms that vary the relative 
Table 1 Normalised X-linked gene activities in males and females 
G6PD/IDH 6PGD/IDH G6PD/AO 6PGD/AO G6PD/GPDH 6PGD/GPDH 
é Disk 0.316 40.03 (5) 0.698 +.0.039 (5) 0.265 +-0.054 (5) 0.575 +0.094 (5) 
9 Disk 0.291 -0.022 (5) 0.381 +0.03 (5) 0.267 +0.032 (5) 0.345 +0.05 (5) 
3|% Disk 1.08 1.83 0.99 1.67 
3 Fat body 0.97 40.08 (6) 2.31 +0.11 (6) 1.11+40.1 (3) 2,57 40.09 (3) 
2 Fat body 0.79 +0.06 (6) 1.11 +0.11 (6) 1.09 +0.12 (3) 1.57 4-0.18 (3) 
al? Fat body 1.22 2.08 1.01 1.64 
8 Adult 0.301 4+-0.02 (7) 0.416 +0.016 (7) 0.495 +0.012 (3) 0.545 +-0.016 (3) 
2 Adult 0.324 40.031 (7) 0.254 +0.019 (7) 0.410 + 0.061 (3) 0.296 +0.039 (3) 
3I2 Adult 0.93 1.64 121 1.84 





3 Signs for male; 2 signs for female. 


Drosophila melanogaster stock, y w®/w*.Y (y, yellow; w*, white-apricot) was raised at 22° C on standard medium. Imaginal disks (with attached 
brain) and fat body were dissected from late third instar larvae in Drosophila Ringer's. Adult flies with abdomens removed were also used to 
prepare extracts. Imaginal disks from about 80 larvae, fat body from 15 female or 25 male larvae, or the anterior end of eight adults comprised 
a single sample. Tissues were transferred to a 1.5 ml Brinkman-Eppendorf microtest tube and homogenised in 0.125 mi of distilled water with a 
Teflon homogeniser. The homogenates were allowed to stand on ice for 20 min, centrifuged at 12,000g, and the supernatant was used as the 
extract for enzyme assays. Assay conditions for G6GPD, 6PGD, a-GPDH and IDH were as described previously’. AO assay conditions were 
those of Dickinson®. Normalised activity measurements were obtained by dividing X-linked gene activity by autosomal gene activity for each 
extract. The mean ratio is given -s.e. with the number of extracts in parentheses. The male/female values are ratios of the means. 
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amounts of template in males versus females are not 
adequate to account for dosage compensation in 
Drosophila. 
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Endocytosis of red blood cells or 
haemoglobin by activated macrophages 
inhibits their tumoricidal effect 


Mıce with chronic Bacillus Calmette-Guérin (BCG) or Toxo- 
plasma gondii infection have increased resistance to tumour 
growth, and peritoneal macrophages from these mice can selec- 
tively kill neoplastic cells in vitro by non-phagocytic means!-?. 
Although the actual molecular mechanism of killing is unknown, 
the tumoricidal macrophage (TM) vacuolar system is probably 
involved. Phase contrast? and electron microscopy studies* have 
suggested the translocation of TM lysosomes into tumour cells 
with subsequent tumour cell death. Trypan blue, an inhibitor of 
lysosomal enzymes, or hydrocortisone, a membrane stabiliser and 
inhibitor of membrane fusion, will suppress the in vitro tumour cell 
killing by TM (ref. 3). We report here that endocytosis of red blood 
cells (RBC), haemoglobin or haemoglobin degradation products 
by TM inhibits their turmoricidal effect. 

In vitro macrophage-mediated tumour cell killing was assayed 
as described previously? with some modifications as described in 
the legend to Fig. 1. Tumour cell killing was assessed by 
microscopic examination or by measurement of tritiated thymi- 
dine (;HTdR) release from pre-labelled 3T12 cells*, The results 
were comparable using TM from either BCG-or T gondii-infected 
mice. 

Results of a typical experiment are shown in Fig. 1. Control TM 
destroyed very nearly all the 3T 12 cells (Fig. 1a). But ifthe TM had 
phagocytosed RBC, the killing was markedly suppressed. In Fig. 1 
b, withan RBC:TM ratio of 4:1, there is complete inhibition of the 
killing. The inhibition seems to be proportional to the RBC:TM 
ratio with less complete suppression of killing apparent in Fig. | c 
and d with RBC:TM ratios of 2:1 and 1:1, respectively. Experi- 
ments using a HTAR release assay for tumour killing gave 
comparable results. For example, the *HTGR release expressed as 
a percentage of maximal release (100%, release with no RBC added) 
was 3.2 + 2.0%, 9.5 +3.4%, and 14.4+2.7% for RBC:TM ratios of 
3.00:1, 1.50:1, and 0.75:1 respectively. Figure 2 shows the 
microscopic features of the inhibitory effects of RBC. 

Inhibition was seen when RBC were phagocytosed by the TM. 
Heat-damaged., glutaraldehyde-treated”. or antibody-opsonised® 
(Cordis Laboratories, rabbit IgG anti-sheep RBC) RBC were all 
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avidly phagocytosed ( >90°,, of the TM contained >2 RBC at an 
RBC:TM ratio of 4:1). If fresh bovine RBC and serum, or fresh 
mouse RBCand serum syngeneic tothe T M(C3H-He) were present 
throughout the assay. no TM phagocytosis of RBC occurred, In 
these situations. there was no inhibition of tumour killing despite 
close contact between RBC and TM. Of the species examined 
(human, bovine, rabbit, mouse, chicken, sheep), none was tested 
that did not suppress killingaslongas the RBC were phagocytosed. 
Syngeneic RBC inhibited if they were phagocytosed. The, TM 
remained viable after the phagocytosis as judged by Trypan blue 
exclusion, absence of release of the cytoplasmic enzyme lactic 
dehydrogenase (LDH) (refs 9. 10) and maintenance of their 
adherence to plastic. TM that had phagocytosed RBC in pre- 
incubation (with free RBC then washed away, also had diminished 
tumoricidal effect. Jn vivo loading of TM by intraperitoneal 
injection of glutaraldehyde-treated RBC 3 d before the assay also 
resulted in TM with suppressed tumour killing ability. 
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Fig. 1 Photograph of giemsa-stained assay of macrophage- 
mediated tumor cell killing demonstrating inhibition by red blood 
cells (RBC). Swiss Webster female mice were infected with either the 
Paris strain of BCG intraperitoneally (i.p.)°, or the C56 strain of 
Toxoplasma gondii i.p.°. At 2-3 weeks after BCG infection or 8-24 
weeks after toxoplasma infection, the mice were injected with 2 ml of 
sterile 10%, peptone i.p., and 3d later the peritoneal cells were 
collected. Peritoneal cells (4 x 105) in 0.1 ml of Dulbecco’s modific- 
ation of Eagle medium supplemented with streptomycin 
(100 pg mi-*), penicillin (1001UmI '), HEPES buffer (0.02 M). and 
glucose (1 mg ml~') (DMM) were placed into the microtitre wells 
(Falcon plate 3040) and incubated for 60 min at 37 `C in humidified 
95% air-5% CO . The nonadherent cells were removed then by 
washing twice with 0.15 M NaCl (saline). Human RBC were obtained 
from heparin-anticoagulated blood and washed three times with 
saline. The RBC were fixed for 30 min at room temperature in 1%, 
glutaraldehyde-saline and washed five times with 15-20 volumes of 
saline each time. After removal of nonadherent peritoneal cells, 3T12 
tumour cells (6 x 10° per well) and appropriate RBC additions were 
appliedin DMM with 10%, foetal calfserum. The plates were incubated 
for60 hat37 °Cinhumidified 95", air-5" CO3, fixed. and stained with 
giemsa. Multilayers of 3T12 cells stain dark while TM are not grossly 
stained. The defects in the tumour cell multilayer apparent in the 
*3T12' column on rows a and d are artefacts due to detachment and 
rolling up of the multilayer from the substrate. Row a, (control, no 
RBC added) reveals the tumoricidal effect of the macrophages seen in 
the°TM +3112’ wells whencompared tothecontrol"3T 12’ well which 
has no TM. Numbers of RBC in test wells are b, | x 10°:¢,5 x 10° and 
d. 2.5x 105.b-d Demonstrate the RBC inhibition of TM-mediated 
3T12 killing with grossly visible multilayers of 3T12 in the 
“TM +3T12 wells. Microscopic examination of a °3T 12° well stained 
3 h after seeding 6 x 10° 3T12 (not shown) reveals 33-37 cells per 300 
power field. The ‘TM +3T12' wells in (a) have 0-3 3T12 cells per 300 
power field. But, in (d), killing is less complete with many fields having 
more than three tumourcellsand several havinga multilayer. Virtually 
all fields in b and ¢ have multilayers of 3T12 cells. 
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The act of phagocytosis, per se, along with all the accompanying 
metabolic consequences'!, seemed not to be responsible for the 
RBC-induced inhibition of tumour killing. Latex spheres, either 
$.7-um diameter styrene divinyl benzene (SDB) or 1.01-ym 
diameter polystyrene (Dow Chemical), were avidly endocytosed 
by the TM. There was, however, no inhibition of tumoricidal 
activity until the sphere:TM ratio exceeded 1000:1 for the 
polystyrene spheres or 100:1 for the SDB spheres. At these ratios, 
the TM were clearly dead as evidenced byTrypan blue uptake and 
LDH release. For example, atan SDB:TM ratio of 3:1, there was 
no inhibition of 3T12 killing and 0% extracellular release of TM 
LDH. whereas there was complete inhibition of 3T12 killing at an 
SDB:TM ratio of 100:1 with 61.4%, release of the total TM LDH. 

Red blood cell ghosts that were phagocytosed after glutaral- 
dehyde treatment or antibody opsonisation did not inhibit killing 
even at a ghost: TM ratio of 100:1. But, endocytosed'? ghost-free 
RBC lysate or chromatographically separated haemoglobin (Hb) 
was inhibitory at Hb levels > 250 vg ml”! (either native or heat 
denatured), Haem-free globin, prepared by acid—acetone extrac- 
tion of Hb (ref. 13), was quite unstable in culture media at 37 °C 
and precipitated as 0.5-1.0-um diameter spherules. These very 
hydrophobic globin particles were endocytosed by TM and 
inhibited tumour killing at levels of 500-1000 ug ml`'. 
Methaemalbumin prepared as described by Tenhunen et al. '* was 
inhibitory at levels of 500-2,000 ug ml~', whereas albumin trea- 
ted comparably but lacking haem had no effect on tumour killing. 
To determine whether the iron of the haem was responsible for the 
inhibition, ferric chloride (FeCl,), ferrous sulphate (FeSO,), and 
iron dextran (Imferon) were examined. Imferon (200—1,000 ug 
elemental iron per ml) or FeCl, or FeSO, (1-40 ug ml ~'), when 
left in through the killing assay or used in a pretreatment fashion 
for 3 hin serum-containing media, completely inhibited the killing 
by TM. Dextran (average molecular weight 40,000) had no 
suppressive effect. Non-haemoglobin erythrocyte proteins did not 
inhibit killing. As much as 1,000 ug ml~' endotoxin-free super- 
oxide dismutase (SOD, Truett Laboratories), catalase (Boeherin- 
ger), or bovine serum albumin (Pentex)'* did not suppress 
macrophage-mediated tumour cell killing. Enhancement of en- 
docytosis of SOD, catalase, or albumin by heat denaturation 
(120 `C for 20 min followed by sonication if necessary to disperse 
the denatured proteins) likewise had no effect. Native or heat 
denatured myoglobin did not inhibit. Table | summarises the 
suppressive effects of various additives. 

These results suggest that RBC, Hb, globin, and iron inhibit the 
tumoricidal effect of activated macrophages. Because damaged 


Fig. 2. Photomicrographs from giemsa-stained “TM + 3T12° wells 
of cytotoxicity assay demonstrating RBC inhibition of macrophage- 
mediated tumour cell killing. Pictures were made at 60 h froma single 
experiment as described in Fig. | legend. a, The TM without added 
RBC have destroyed the majority of the 3T12 cells. This typical field 
shows one residual tumour cell among the TM. 6, The TM with 
phagocytosed RBC did not kill the 3T 12 cells. This typical field shows 
numerous 3T12 cells with their prominent nucleoli among the RBC- 
laden TM ( x 200) 
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Table 1 Effects of various additions on macrophage-mediated tumour 


cell killing 
Addition Tumoricidal effect 
None 4+ 
RBC (phagocytosed)* 0 
RBC (not phagocytosed )* 4+ 
RBC ghostst (phagocytosed)* 4+ 
RBC lysatet 0 
Haemoglobint§ 0 
Myoglobint 4+ 
Methaemalbumin 0 
Albumint 4+ 
Globint 0 
FeSO, or FeCl) 0 
Iron dextran (Imferon)t 0 
Catalaset 4+ 
Superoxide dismutaset 4a 





Additions were tested throughout the 60h in vitro assay or in a 2h 
pretreatment of TM before tumour cell challenge. All were negative for 
endotoxin as judged by the limulus amoebocyte lysate test'®. The 
tumoricidal effect was judged from microscopic assay of microtitre plates 
stained after 60 h culture*. 4+ Tumoricidal effect signifies 033T 12 cell per 
300 power field among the TM; zero tumoricidal effect signifies a 
multilayer of 3T12 cell per 300 power field among the TM. 

*RBC TM ratio of 4:1. 

+Prepared by hypotonic lysis'’. 

$1000 pg ml '. 

§ The haemoglobin was prepared by the method of Haut er a/.'*, using 
carboxymethyl cellulose(CM 52, Whatman), eluting the haemoglobin with 
0.25 M phosphate buffer, pH 6.8. 

(20 ug mit, 


RBC, Hb, globin, or iron rapidly accumulated in macrophage 
secondary lysosomes, we interpret our findings as further evidence 
for involvement of the TM vacuolar system in the non-phagocytic 
tumour killing process. Vacuolar system and/or plasma memb- 
rane damage by iron-induced lipid peroxidation'’, reaction with 

SH groups?", or interference with Ca? * transport?! may account 
for the suppressed activated macrophage tumoricidal capability. 
The lack of inhibition by myoglobin and catalase (which also 
contain haem moieties with iron) may relate to substrate specificity 
of haem oxygenase with less or more gradual liberation of ‘free’ 
iron from these proteins in the macrophage vacuolar system. 
Haem oxygenase has little or no degradation effect on myo- 
globin?*. The inhibitory effect of globin is not fully understood, 
but may relate to its hydrophobic nature. Further elucidation of 
the mechanisms of the inhibitory effects of RBC, Hb, and Hb 
degradation products may lead to a more basic knowledge of 
macrophage-mediated tumour killing. In addition, these obser- 
vations may aid in understanding the pathogenesis of tumour 
development in certain clinical situations in man. 

There is evidence that iron may contribute to tumour growth in 
certain experimental and clinical conditions (the occurrence of 
sarcomas at sites of repeated parenteral iron injections in anim- 
als** and man**; the increased incidence of hepatomas and other 
epithelial malignancies in idiopathic haemochromatosis**, acute 
myeloblastic leukaemia in idiopathic refractory sideroblastic 
anaemia*°, lung carcinoma in mice inhaling iron oxide dust? ”, and 
lung carcinoma in haematite miners**). The mechanism by which 
iron promotes growth of tumours in vivo is complex and poorly 
understood. Some have proposed that iron may act as a primary 
carcinogen by inducing mutations in somatic cells?”, while others 
have noted a potentiating or cocarcinogenic effect of ferric oxide 
on chemical carcinogen-induced lung tumours in hamsters*°. In 
addition, some have noted stimulation of tumour cell growth in 
vitro by FeCl; (ref 31). Our observed inhibition of the tumoricidal 
effect of activated macrophages by RBC, haemoglobin, or iron 
cannot be accounted for by direct effects on tumour cells by the 
additives, since the inhibition was observed if macrophages had 
endocytosed the RBC. Hb. or iron before addition of the tumour 
target cells to the cultures (see Table 1). Therefore, based on the 
results reported here, we believe that iron could operate through an 
additional mechanism (inhibition of macrophage tumour killing 
function) to decrease in vivo resistance to tumour development. 

Activated macrophages may be the effector component of a 
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surveillance system for the detection and destruction of newly 
emergent clones of neoplastic cells*”. Pathologic conditions which 
produce large amounts of RBC. Hb, or Hb degradation products 
within the macrophage vacuolar system could suppress tumour 
cell killing and effectively paralyse this surveillance system. 
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Inhibition of adipose conversion of 
3T3 fibroblasts by tumour promoters 


TUMOUR-PROMOTING compounds are not themselves 
carcinogenic, but can induce skin tumours in mice pre- 
treated with a subcarcinogenic dose of a chemical 
carcinogen'™*. They have been shown to produce many 
different biochemical and biological effects on cells’*, but 
the mechanism of promotion is not known. Two recent 
reports describe the effects of the phorbol diester series of 
tumour promoters. on cell differentiation in vitro. Cohen 
et al* observed that 12-O-tetradecanoyl-phorbol-13-acetate 
(TPA; phorbol myristate acetate), a potent promoter, 
inhibits myogenesis in chick embryo muscle cultures. We 
have reported"? that TPA and other tumour-promoting 
phorbol diesters inhibit spontaneous and induced differenti- 
ation of Friend erythroleukaemia cells in culture. We now 
describe another cell system, mouse preadipose cells, in 
which tumour promoters inhibit terminal differentiation, 
and confirm in these cells our original observation’ that 
there is a good correlation between the ability of a 
particular phorbol diester to promote tumours in mouse 
skin and its ability to inhibit terminal differentiation of 
cells in culture. 

A clone of BALB/c 3T3 fibroblasts’ was obtained from 
Dr R. Tennant, Oak Ridge National Laboratory. In our 
laboratory, cells of this clone (designated clone A31T) 
behave as preadipose cells and differentiate to mature 
adipocytes in a manner similar to that already seen in 
some clones of Swiss 3T3 fibroblasts™™. When cultures are 
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Fig. 1 Effect of TPA on adipose conversion of clone A3IT 
fibroblasts. Cells were seeded into gridded 60-mm plastic Petri 
dishes at a density of 4 x 10t cells per cm®. After 3-4 d, when the 
monolayers were confluent, and again on day 4, the cultures. 
were refurbished ( |) with fresh medium. containing: insulin” 
0.1 ug ml“! and TPA. The number of lipid-positive cells per 
4 mm? was scored by microscopic observation without staining 
every 2-3 d and confirmed after staining with oil red O-at the 
termination of the experiment. @, Control; A, TPA 1.6% 
1077 M; O, TPA 1.6 107§ M; O, TPA 1.6% 107° M. 





held as confluent monolayers, the cells begin to accumulate. 


lipids. They soon become mature adipocytes in which the » - : 


cytoplasm is filled with lipid droplets and lose the ability 


to divide; after a few weeks, more than half the cells ino 


the monolayer may be mature adipocytes. Both immature 
and mature adipose cells are easily identified either without 
staining or after staining with the lipid-specific stain oil 


red O. Stock cultures of clone A31T were grown in Eagle’s | 


basal medium supplemented with 10% foetal calf serum: 
and were subcultured at 1: 10 ratios just as the monolayers 
reached confluence, so that adipose conversion was kept: at 
a minimum. - 

TPA and 4a-phorbol-12,13-didecanoate (4a-PDD) were 
purchased 


phorbol-12,13-diacetate (PDA) were the gift of Dr R. K. 
Boutwell, University of Wisconsin. Stock solutions 
(1.6X10M in acetone) of the phorbol diesters were 
stored at —20 °C and diluted in medium. as required. 

The effect of TPA on adipose conversion in clone A31T 
fibroblasts is shown in Fig. t.. In control cultures, the 
number of lipid-positive cells increased at. the rate of 
approximately 15 cells per 4 mm? per d whereas in cultures 
treated with 1.6X10°°M or 1.6xX10°M TPA, there was 
no increase in the number of lipid-positive cells during . 
with 7-d period of observation. With a 10-fold lower 
concentration of TPA, adipose conversion was inhibited 
for the first 4d, but by 7d the number of lipid-positive 
cells was similar to the number in control cultures. 

The inhibitory effect of TPA was reversible after 7d 
by refeeding the cultures with control medium: The 
number of lipid-positive cells increased thereafter at 
approximately the same rate as in control cultures never 
exposed to TPA. ; 

The inhibitory effects of TPA on adipose conversion in 
clone A31T were similar whether or not insulin was in 
the medium, although insulin did enhance conversion", 
In one experiment, after 10d the number of lipid-positive 
cells in control cultures with insulin 0.1 wgml’ was 
82 per 4mm’ and without insulin, 58 per 4mm’; the 
numbers in TPA (1.6 107’ M)-treated cultures were 2.1 
and 2.8, respectively. 

As has been reported with other 3T3 cell lines“, TPA 
stimulated multiplication of clone A3IT cells and 
increased the saturation density of the monolayers. Thus, 











from Consolidated Midland; phorbol-12,13- | 
didecanoate (PDD), phorbol-12,13-dibenzoate (PDB) and.” 
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at the termination of the experiment shown in Fig. 1, 
cultures treated with 16x10 M TPA had 3.2 10° cells 
per plate, 0.15% of which were lipid positive, whereas 
control plates had 1.6 10° cells with 2.7% lipid positive. 

The effects on adipose conversion of a series of phorbol 
diesters with a range of tumour-promoting activity in 
mouse skin" are shown in Fig. 2. At the same con- 
centration (1.6 107M), the three promoters (TPA, PDD 
and PDB) completely inhibited adipose conversion whereas 
the three non-promoters (PDA, 4a-PDD and phorbol) 
had no effect on conversion. The three active promoters 
also enhanced the saturation density of the cell mono- 
layers approximately twofold; the three non-promoters 
had no affect on cell number. 

The inhibitory effect of the promoters on adipose 
conversion was not permanent, even when the cultures 
were refurbished with fresh solutions of the phorbol 
diesters every 3-4d. In five separate experiments, the 
inhibition of conversion by TPA (1.6 10°' M) persisted 
for 14-18d (Table 1), after which time the number of 
lipid-positive cells slowly increased. PDD and PDB, 
however, inhibited adipose conversion for only 7d; after 
that time there was a rapid and sudden increase in 
adipose conversion, In the experiment shown in Table 1, 
for example, the number of lipid-positive cells per 4 mm’ 
in PDD-treated cultures increased from 0 on day 7 to 184 
on day 10. In PDB-treated cultures, there was an increase 
from 1.2 to 167 positive cells. These increases in adipose 
conversion first became evident on days 8 to 9 when 
there seemed to be an almost synchronous increase in the 
number of immature adipocytes; a few days later, these 
cells were fully mature adipocytes filled with lipid. 
Following this spontaneous release from the inhibitory 
effects of PDD and PDB, the percentage of lipid-positive 
cells gradually approached the percentage in control 
cultures (Table 1). Thus, on day 14 the absolute number 
of lipid-positive cells in PDD- and PDB-treated cultures 
was greater than in control cultures, but since the treated 
cultures had almost twice as many cells, the percentage 
of lipid-positive cells in the three groups was similar. 

The finding that tumour-promoting phorbol diesters 
inhibit terminal differentiation in cultures of three different 
cell types, erythroleukaemia cells’, muscle cells’ and 
preadipose cells, suggests that inhibition of terminal 
differentiation of cells in culture may be a general property 
of tumour promoters. They inhibit differentiation reversibly 
at concentrations that are not cytotoxic and that either 
stimulate or have no effect on cell division. 

The phorbol diesters that inhibit adipose conversion of 

Fig. 2 Effect of phorbol diesters on adipose conversion of clone 

A3IT fibroblasts (Fig. 1 for procedure). The phorbol diesters 

were all tested at the same molar concentration, 1.6 «1077 M. 


PDA; W, phorbol. 
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Table 1 Long-term effects of phorbol diesters on adipose conversion 





Number of lipid-positive cells per 4 mm? 


Day Control TPA PDD PDB 
3 3.7+3.0* 0 0 0 
7 1064-15 0.50.9 0 1.24-2.4 
10 169+15 1242.3 1844-22 168 -4-22 
14 223 +30 3.4+1.2 368 +65 > 500 
17 240 +52 6.1443 — _ 
Day % lipid-positive cells 
Control TPA PDD PDB 
3 0.1 0 0 0 
7 2.7 <0.1 0 <0.1 
10 4.8 0.1 3.0 2.0 
14 6.3 <0.1 6.0 6.8 





Cultures of clone A31T fibroblasts were refurbished on days 0, 4, 7, 
li and 14 with medium containing the phorbol diesters at a final 
concentration of 1.6x 107? M. On day 0, there were 2.1 x L0® cells 
per plate. By day 3, the cell monolayers had attained densities that 
remained essentially unchanged through day 14. The mean number of 
cells (x 10~*) per plate + s.d. from days 3-14 was: control, 2.00.3; 
TPA, 3.90.1; PDD, 3.3 +-0.4; PDB, 4.0+-0.5. 

*Mean-ts.d. of five squares. 





clone A3IT cells stimulate cell division the first time they 
are added to confluent cultures. The cells seem to retain 
their density-dependent growth controls during repeated 
refurbishing of the cultures with fresh solutions of phorbol 
diesters; the saturation densities remain essentially constant 
without cells being shed into the medium. This suggests 
that inhibition of differentiation in these cells may not be 
dependent on continuous cell cycling. 

The reasons for the spontaneous release of clone A31T 
cells from the inhibitory effects of the promoters are not 
known. In contrast to these cells, Friend erythroleukaemia 
cells do not seem to become refractory to the inhibitory 
effects of the promoters on spontaneous differentiation; 
the extent of inhibition has remained the same in 
erythroleukaemia cells maintained for six months in the 
continuous presence of TPA’. 

Tumour promoters induce many diverse effects on cells 
in culture’. It must be determined whether the inhibitory 
effects of promoters on differentiation are related to any 
of the other effects or to the mechanism of promotion 
itself. The ability of promoters to shift the cell population 
from a commitment to differentiate and become end cells 
to a commitment to maintain or increase the size of the 
stem cell pool, does suggest at least one possibility for the 
mechanism of promotion. The inhibition of terminal 
differentiation by tumour promoters may give cells in 
which the potential for malignancy has been initiated by 
a carcinogen, but is not yet expressed, additional time to 
convert to tumour cells before becoming end cells. Several 
investigators’”"* have proposed that tumour promoters act 
in vivo by interfering with normal cell differentiation. Our 
findings support those suggestions. 

This work was supported by the NIH. G.R. is a Scholar 
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Effect of microtubular 
antagonists on lymphocyte mitogenesis 


SEVERAL different classes of mitogens have been discovered’. 
Stimulation of lymphocytes by all classes of mitogens results 
in cellular division, but it is not known whether all mitogens 
act on the cell membrane in identical fashion or result in 
triggering of the same cytoplasmic messenger. We have 
investigated the inhibitory effect of microtubule disrupting 
drugs on lymphocytes transformed by two methods. We 
report here that colchicine and vinblastine inhibit lectin- 
mediated mitogenesis at low concentrations, while cells 
stimulated by cell surface oxidation are inhibited only by 
much higher concentrations of these drugs. It seems that 
intact microtubules are necessary for lectin-mediated but 
not for cell surface oxidation-mediated mitogenesis. 

Yahara and Edelman have demonstrated that micro- 
tubules and microfilaments exist in association with the 
lymphocyte cell surface’. Edelman et al. have hypothesised 
that a colchicine-binding protein system may be a crucial 
link in the transmission of information from the cell mem- 
brane to the nucleus’, In support of this is the finding that 
drugs which disrupt microtubules block lectin-induced 
stimulation of lymphocytes at low drug concentrations’. 

We stimulated lymphocytes with two different classes of 
mitogens, (1) the plant lectins conconavalin A (con A) and 
phytohaemagglutinin (PHA) and (2) enzymatic oxidation of 
the cell surface by means of sequential additions of neur- 
aminidase and galactose oxidase (NG) (ref. 6). Both classes 
of mitogens are known to selectively stimulate T cells’, 

The effect of vinblastine on lymphocyte transformation 
measured by *H-thymidine uptake is shown in Fig. 1. There 
is a significant difference between the amount of vin- 
blastine needed to inhibit lectin-mediated stimulation and 
that amount needed to inhibit NG-treated lymphocytes 
(P<0.02). Vinblastine had almost no inhibitory effect on 
NG-treated cells until a concentration of 10°°M_ was 
reached. Lectin-treated cells were inhibited by drug con- 
centrations 100 to 1,000-fold less. 

The curve describing thymidine uptake as a function of 
antagonist concentration for NG-treated cells is suggestive 
of simple saturation kinetics, while the curves for lectin- 
stimulated cells show evidence of a more complex co- 
operative interaction. Colchicine gave results similar to 
those found with vinblastine (Fig. 2). Cytosine arabinoside, 
a drug known to directly interfere with DNA synthesis’’, 
inhibits both groups to the same extent while showing 
similar inhibition kinetics (Fig. 3). This suggests that, not 
surprisingly, lectin- and NG-mediated stimulation share a 
common pathway at the level of DNA synthesis. 

Table 1 illustrates the —logwK:”®% of colchicine, vin- 
blastine, and cytosine arabinoside for lymphocyte blasto- 
genesis induced by lectins and cell surface oxidation. The 
significant difference between lectin- and NG-treated cells 
is evident for both vinblastine and colchicine although 
vinblastine proved to be a slightly more potent antagonist. 
Edelman et al. have hypothesised that a colchicine-binding 
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protein system has a role in the mediation of interactions 
between receptors on cellular membranes and the cytoplasm 
as well as in mitogenesis’. Microtubular inhibitors also 
inhibit mitogenesis in neuroblastoma and mouse 3T3 cells 
as well as in lymphocytes". Our results support reports*? 
that colchicine and vinblastine are effective inhibitors of 
lymphocyte mitogenesis and do not support the isolated 
report that vinblastine is not inhibitory”. 

Resch et al. have shown that three cellular events. which 
occur in transformed lymphocytes before the initiation of 
DNA synthesis were not inhibited by colchicine or vin- 
blastine™., They concluded that microtubules are not in- 


volved in the initiation of lymphocyte activation because : 
the disruption of these cytoplasmic structures should also 





affect cellular events which occur before DNA synt 





This conclusion is justified only if those early cellular events Ss 
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Fig 1. Effect of vinblastine on lymphocyte transformation. 
Blood was obtained from human donors free of any acute or 
chronic illnesses and on no medications. Lymphocytes. were 
isolated using the method of Boyum®. The cell population was 
made up of an average of 85% lymphocytes, 127, monocytes 
and 3% neutrophils. Cell viability following isolation and after 
treatment with NG or lectin was always over 95% as measured 
by Trypan blue exclusion and fluorescein diacetate uptake’. 
Cells were cultured in McCoys 5A Medium (Microbiological 
Associates) supplemented with 10% autologous serum at a cell 
density of 1 x 10® cells per ml, in Nunc serum tubes (Vangard 
International). The cultures were put in a humidified atmosphere 
of 5% CO,, 95% air at 37°C. At 48h, 1 pCi 3H-thymidine 
(TAR), specific activity 6.7 mCi mmol~! (New England Nuclear) 
was added to each culture. At 72 h, the trichloroacetic acid- 
insoluble product was separated onto 0.45-um M illipore filters. 
The dried filters were put into a scintillation cocktail of 0.5-g 
PPO and 5g POPOP per | toluene and counted overnight in 
a Packard Tri Carb Scintillation Counter. Cell surface oxidised 
lymphocytes were treated with 50 units ml -1 neuraminidase for 
30 min at 37 °C at a cell density of 20x 10° cells per ml. Neur- 
aminidase (EC 3.2.1.18 from Vibrio cholerae strain Z-4) was 
obtained from GIBCO as a solution containing 500 units ml~* 
where | unit releases 1 pg of N-acetyl neuraminic acid from a 
glycoprotein substrate in 15 min at pH 5.5 at 37°C. This was 
followed by treatment with 0.25 units ml-* galactose oxidase 
(Worthington) for 30 min at 23 °C at a cell density of 20 x 10° 
per ml. A unit is the quantity of enzyme that yields an absorbance 
of 1.0 at 420 nm by the peroxidase-chromagen assay. PHAMR 
69 (Wellcome), con A (Calbiochem); colchicine (Sigma), and 
vinblastine (Lilly), were added to the cells just before they were 
put into culture. Each point represents duplicate cultures of 10 
different donors. Data is expressed as the mean % of mitogenic 
control. Absolute c.p.m. for mitogenic controls were 68,500- 
122,300 for con A, 72,400-131,200 for PHA, and 58,400--1 18,600 
for NG. Mean mitogenic controls were 102,500 for con A, 
108,600 for PHA, and 87,400 o N @, NG; O, PHA; A, 
con A. 
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Vinblastine N 
Mitogen 
Con A 7.45 +-0.63* 10 
PHA 6.55 +0.42 10 
NG 4.45 +.0.46 10 
tt P t 
Con A 3.02 < 0.02 2.95 
versus NG 
PHA 
versus NG 2.64 <0.05 2.57 
Con A 
versus PHA 0.73 > 0.2 0.52 


N, number of experiments performed. 
*Values are means + s.e.m. 
f ¢ values determined by Students ¢-test. 


are directly linked and necessary for lymphocyte activation 
to take place. No evidence exists to suggest that blocking 
membrane turnover, early RNA synthesis, or production of 
lymphotoxin leads to inhibition of lymphocyte activation. 
Furthermore, it has been shown that colchicine inhibits 
phosphatidylinositol turnover, another early cellular event, 
in con A-stimulated lymphocytes". 

It has been suggested that inhibition of mitogenesis by 
colchicine is due to blockage of thymidine transport. 
Wilson” found the inhibition constant for blockage of 
thymidine transport by colchicine to be 6.1X10°°M. In- 
terestingly, in our experiments NG-mediated mitogenesis 
was not 50% inhibited by colchicine until levels of 
5x 107° M were reached. Thus for NG-mediated mitogenesis 
our results are consistent with, but do not prove, the hypo- 
thesis that the site of action of colchicine may be at the 
level of thymidine transport. Furthermore, saturation 
kinetics, consistent with competitive inhibition of transport 
were observed. In contrast, con A-mediated blastogenesis 
was 50% inhibited by 1 x107 M colchicine and 4x 10° M 
vinblastine, a concentration far too low to act at the level 
of thymidine transport. This is close to the purified tubulin 
affinity constant for adult human brain of 3.41077 M (ref. 
15). 


It has been assumed until now that lectins and cell sur- 
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Fig. 2 Effect of colchicine on lymphocyte transformation. 

Experimental conditions were the same as for Fig. 1. Each point 

represents duplicate cultures of 10 different donors. Data ex- 
pressed as in Fig. 1. @, NG; ©, PHA; A, con A. 


Table 1 Values for —log,,K,°; K” is the drug concentration inhibiting mitogenesis by 50% 








Colchicine N Ara-C N 
6.95 +-0.66 10 6.60 £0.57 5 
6.50 +0.56 10 6.70 -+-0.38 5 
4.45 +0.48 10 6.80 4-0.58 5 
P t P 
<0.02 0.221 >0.2 
<0.05 0.115 >0.2 
>0.2 0.147 > 0.2 


7H-TdR uptake (% of mitogenic control) 
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Fig. 3 Effect of cytosine arabinoside on lymphocyte transforma- 

tion. Experimental conditions as for Fig. 1. Each point represents 

duplicate cultures of five different donors. Data expressed as 
in Fig. 1. @, NG; ©, PHA; A, con A. 


face oxidation result in a perturbation of the cellular mem- 
brane (perhaps cross-linking’’’’) that results in secondary 
triggering of the same cytoplasmic messenger. It may be, 
however, that a biological process as complex as mitogenesis 
is under multifactorial control. There is evidence that the 
initial membrane event for the two groups is different. Free 
aldehyde groups generated by cell surface oxidation do not 
seem to be generated by lectins since mitogensis due to the 
former but not the latter stimulus is inhibited by reducing 
agents’. Our results show that although microtubules are 
necessary for lectin-mediated lymphocyte transformation, 
they are not a crucial intermediary in transfer of informa- 
tion from cell surface to the genome for cell surface 
oxidised cells. 
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Immunoglobulin binding to 
herpes virus-induced 
Fc receptors inhibits virus growth 


WATKINS’ reported that sheep red blood cells coated with 
anti-sheep-red blood cell antibody adsorbed to monolayers 
of herpes simplex virus (HSV) infected cells. Yasuda and 
Milgrom’ suggested that the haemadsorption was mediated 
through an Fe-binding site which developed on the surface 
of the HSV infected cell, and later work from Watkin’s 
laboratory established this interpretation". Although the 
receptor for the Fe portion of IgG on the surface of HSV 
infected cells has been known for some time, its biological 
role remains unclear’*. We show here that when the HSV- 
induced Fe receptor is engaged with IgG or Fc fragments, 
viral replication is significantly inhibited. 

Pools of HSV-2 (strain MS) were grown and titrated in 
Vero cell monolayers®. The Fc receptor studies were done 
with Vero monolayers and with a human retinoblastoma 
cell line (Y-79) which grows in suspension’. The cells were 
grown in RPMI 1640 medium (NIH) with 5% foetal calf 
serum (GIBCO), Fe receptors were demonstrated with 
sheep red blood cells coated with rabbit 7S antibody to 
sheep red cell stroma (7SEA). Sheep red cells coated with 
19S antibodies were used as control reagents. Haemadsorp- 
tion assays were done with minor modifications of 
previously described methods"? 

Both Vero and Y-79 cultures infected with HSV-2 con- 
tained 20-40%, of the cells with Fc receptor 20h after 
infection. No haemadsorption was seen in infected cultures 
with 19S-EA reagent, and uninfected cells were negative 
with both the 7S-EA and 19S-EA, In the Y-79 cultures 
infected at a multiplicity of 100, haemadsorption was first 
detected after 6h, and by 8h after infection the percentage 
of rosetting cells was equal to that detected 20h after 
infection. Haemadsorption was inhibited when the infected 
cells were pre-incubated in balanced salt ‘solution (BSS) 
containing Imgml' of IgG of different species (goat, 
rabbit, mouse). Haemadsorption inhibition was also 
achieved with Fc fragments but not with (Fab’)2 fragments 
of rabbit IgG. These results suggest that IgG and Fc frag- 
ments occupy. the. Fe binding sites at the surface of HSV 
infected cells. Furthermore radiolabelled IgG is known to 
bind to HSV infected cells’. 

We next tested the effects of IgG on virus growth in 
these cells. The normal concentration of IgG in human 
serum is 12 mg ml’, so to avoid unphysiological levels we 
used concentrations of 1-10mgml"’. Serum-free RPMI 
1640 medium was prepared with DEAE-purified rabbit IgG 
in concentrations of 1, 5 and 10mg mf". The IgG used in 
all experiments was free of HSV neutralising activity in a 
standard viral gra neutralisation test. Bovine serum 
“albumin (Sigma) in 1, 5 and 10 mg ml" concentrations was 
used as control medium. Cells were infected at a multi- 
plicity of 100 for 1 h at 35 °C, washed twice in RPMI 1640, 
and transferred to IgG- or albumin-containing medium. 
They were incubated for 24-48h at 35°C and the total 


ži 


virus in the cultures after three cycles of freezing and 
thawing was assayed on Vero monolayers. 

As shown in Table 1, there was a 99% reduction. in 
virus production in the cultures treated with 10mg m 
IgG. There was no inhibition of virus growth in 1 mgm! 
IgG. These results have been consistently reproducible 
both in Vero and Y-79 cells. 

Although the concentrations of IgG we used were in the - 
physiological range, we still thought it would be of im- 
portance to determine whether they were. cytotoxic in our 
cell systems. We tested viability of non-infected Vero and.: 
Y-79 cells maintained in our 10mg ml’ IgG medium for 
24-48h by Trypan blue exclusion and found: no i 
toxicity. a 

We have also tested the effects of purified Fe fragments ; 
of rabbit IgG on virus growth. Rabbit IgG was digested 
with papain and the Fe fragments were purified by the 
method of Prahl”. When infected cultures were main- 
tained in medium with Smgml™ Fe fragments, virus 






production was 99%, inhibited (Table. 1). Similar inhibition 
was seen with Fe fragments at 2.5 mg ml and no effect | 


was demonstrable with 1 mg mI”. 

The infected monolayers of Vero: cells. ‘maintained on 
IgG showed a marked decrease in viral cytopathic effect 
when examined by light microscopy. Electron. microscopic 
examination of Vero and Y-79 cultures 24 and 48h after 
infection in 10mg ml‘IgG medium showed a marked 
decrease in viral capsids in the nuclei when compared to 
control cultures (Fig. 1). Most of the capsids in the IgG 
treated cells were empty, and accumulations of empty 
capsids in the cytoplasm were prominent. The same mor- 
phological findings were observed when the infected cul- 
tures were incubated in medium containing Fe fragments. 

In all of the infected cultures examined by electron 


microscopy, the morphological effects on virus by IgG and 


Fe fragments were seen in more than 90%, of the ‘cells. 
Although only 20-40% of the cells in infected cultures 
produced rosettes with the 7S-EA, it is known that haemad- 
sorption with 7S-EA is not an efficient method for demon- 
strating Fe receptors in other systems’, and our electron 
microscopical findings suggest that the immunoglobulin 
exerts an inhibitory effect on most if not all infected cells 
in the cultures. 

We also tested the effect of incubation in IgG contain- 
ing media on infectious centre production. Y-79 cells were 
infected with a multiplicity of 100, washed three times in 
BSS and 10’, 10° and 10° cells plated on Vero cell. mono- 
layers. After plating, the monolayers were fed with IgG- 
containing medium supplemented with 2% of HSV anti- 
serum in order to obtain plaques. This experiment showed 





Table 1 Effect of rabbit IgG and Fc fragments on HSV growth in 
retinoblastoma and Vero cells 


Total virus produced 


Retinoblastoma (PFU mi~) 
IgG (10 mg mi~) 2.3 x 104 
Fe Fragment (5 mg m} ™>) 1.2 x 104 
Control 1,3 x 10° 
Vero 
IgG (10 mg mi-*) 1.2 x 10? 
Fe (5 mg mi~) 1x10 
Control 2.5 x 108 





Cultures were infected at a multiplicity of 100 and viral growth was 
measured 24 h (Vero) and 48 h (retinoblastoma) after infection. 
Contro! cultures contained equivalent protein concentration of 
albumin. 10* cells were infected with 10* plaque forming units (PFU) 
and incubated in IgG or Fc fragment-containing media. At the end of 
the experiment the number of cells was not changed, indicating no 
loss of cells or growth during the experiment. The cell viability was 
ee by Trypan blue exclusion in both controls and IgG treated 

tures. 
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Fig. 1 Electronmicrographs of Vero cells infected with HSV-2. 

a, Cells incubated for 24 h in media containing albumin. Produc- 

tion of complete virions is seen. b, Cells incubated with 

10 mg mi~! of rabbit IgG. Empty viral capsids are present in the 
nucleus and cytoplasm. ( » 17,000). 


no infectious centres in IgG-containing medium with 10°, 
10° or 10° cells while controls in medium free of IgG 
showed that 12'", of the infected cells plated as infectious 
centres. The low percentage of infectious centres in the 
controls may be related to the use of a fluid rather than 
semi-solid overlay. 

Our results establish that IgG and its Fe fragment inhibit 
the growth of HSV and strongly suggest that the effect is 
due to engagement of the virus-induced Fe receptor. 
Although the mechanism is not yet known, it is possible 
that this inhibition obtained with physiological concentra- 
tions of IgG may be of relevance in control of primary 
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infection in vivo and perhaps in the establishment or 
maintenance of latency. 
We thank Dr M. Frank for preparation of sheep red 
blood cell reagents. 
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Excretion of feline leukaemia 
virus by naturally infected pet cats 





Tue transmission of feline leukaemia virus (FeLV) 
horizontally among cats has been well established'~' but 
the source of infectious virus responsible for this trans- 
mission has not been determined. C-type particles re- 
sembling FeLV have been seen by electron microscopy in 
many tissues and body fluids from cats having leukaemia 
and lymphoma‘. In reference to potential environmental 
excretion, particles have been seen in the upper and lower 
respiratory tract, saliva, urine, gut wall, and peripheral 
blood. These studies, however, have been limited to 
electron microscopic visualisation and have not studied 
levels of infectious FeLV in tissues or fluids which could 
release virus into the environment. Speculation about the 
source of infectious virus has included urine, saliva, fleas, 
and blood (from either scratches, bites, or blood sucking 
arthropods)'**. 

FeLV is so far the only oncogenic RNA virus that is 
known to be widely disseminated in man’s environment, 
and several epidemiological studies have attempted to 
determine if an increased risk of human malignancies 
occurs for individuals exposed to leukaemic cats? ™., 
Furthermore, the US National Cancer Institute has cate- 
gorised the FeLV and the feline sarcoma virus as agents 
of ‘moderate risk’, presumably because they can grow in 
human cells and/or demonstrate oncogenicity in experi- 
mental conditions in certain non-feline species’. It thus 
seems remarkable that little or no information is available 
on the sources and amounts of infectious FeLV in 
excretory materials, especially from those taken from 
naturally infected pet cats. 

To understand better the transmission of this disease and 
to assess the exposure potential of this virus to human 
contacts of infected cats we have studied the excretion of 
FeLV in virus-positive cats. 

The animals used in all experiments were naturally 
infected FeLV-positive healthy pet cats who were identified 
from two sources: a previously characterised cluster house 
(four cats)", or cats referred by community veterinarians 
(eight cats). The cats were judged positive based on the 
indirect immunofluorescence test for virus internal antigens 
in peripheral blood cells’. Six of the animals were domestic 
short hair, three were Abyssinian, two Burmese, and one 
Siamese. Eight were males and four were females. All 
were asymptomatic and seemed healthy. 

Plasma was collected in heparinised tubes, placed on ice, 
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separated, and frozen at —90°C until testing. Saliva was 
collected using small calcium alginate swabs (Calgiswabs, 
Inolex, Glenwood, Ilinois), diluted in 1.5 ml medium and 
frozen. at —90 °C until testing. These swabs absorb a con- 
“stant volume of saliva and allow quantification of infectious 
“virus (unpublished observations). Urine was collected in 
‘sterile containers after manual expression from the bladder. 
‘Faecal specimens, in- approximately l-g amounts, were 
collected using calcium alginate swabs and placed in phos- 
phate-buffered saline and frozen before testing at —90 °C. 
After thawing, the suspension was centrifuged briefly at 
1,000 r.p.m. and the supernatant was passed through a 
0.22-um filter ° (Millipore, Bedford, Masschusetts) before 
placing on cell cultures. Fleas were individually vacuumed 
off from cats, pooled in groups of ten, and frozen at 
—90 C until testing. Before being placed in cell cultures, 
the fleas were diluted in 1 m} cell culture medium, homo- 
genised with a Teflon pestle, and centrifuged briefly at 
1,000 r.p.m. 


Oo 
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Infectious FeLV (f.f.u.) 





Fig. 1 Simultaneous FeLV titres in plasma (continuous line) 
and saliva (dotted line) in two cats (a and b) followed for 
2 months. 


Virus assay was carried out in triplicate using the method 
of Fischinger'’. Before assay, all specimens were thawed, 
and tenfold dilutions were made on ice using McCoy’s 


5a with 15% foetal calf serum containing penicillin 
1001U mi™', streptomycin 100 4g mli’, and amphotericin 
0.25 ug mI’. 


Simultaneous saliva and plasma samples collected from 
nine cats were assayed for virus (Table 1). Saliva was 
positive in all cats examined, containing 5.4 x 10°-3.9x 10° 
focus forming units (f.f.u.) per ml whereas plasma generally 
contained about fivefold less. Three cats out of the twelve 
continued: to excrete a. cytopathic agent in their saliva 
for the entire length of the study and we were unable 
to assay their saliva for virus. 

Urine was tested from three cats and was negative 
for infectious virus. at the lowest dilution (undiluted or 
1:10) (Table 2). Foecal specimens from three cats were 
tested, and no infectious virus was demonstrated at the 
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Table i Simultaneous saliva and plasma levels of infectious FeLV 
Number of f.flu. 





Cat paired specimens* Saliva Plasma 
1 {1 3.9 x 10°F 1.7x 10° 
2 12 2.4 x 10°F 6.8 x 10°} 
3 2 1.6 x 10%} 6.9 x 108+ 
4 1 4.4 x 10 3.2 « 104 
5 1 3.0 x 10° 2.8 x 10! 
6 1 5.7108 1.6 x 10° 
7 l 5,4 x 10% 1.0 x 10? 
8 l 1.8 x10? 64x103 
9 l 3.6 x 10 ZAJ 


¥Fach specimen was analysed in triplicate. pie 
+Mean. : os 


lowest dilution (0.5 gml) (Table 2). Ten pools of ten 
fleas each were examined for infectious virus. ‘None was 
demonstrated at the highest concentration (5 fieasml”') 
(Table 2). 

Two cats were followed for 2 months with once or 
twice weekly FeLV assay for plasma and saliva (Fig. 1). 
These cats regularly excreted high titres of FeLV in their 
saliva (10'-10°f.f.u. mI“) and their plasma -(10°~10* f.f.u. 
m`’). Although there was moderate variation of both 
saliva and plasma, the titres of virus in both remained high 
and never dropped below 10 f.f.u. ml. Plasma FeLV 
alone was assayed in four additional cats for 3 months. 
The results were similar to those shown in Fig. 1. 

Our results indicate that FeLV-infected healthy cats > 
excrete levels of infectious FeLV in saliva that are as. 
high or higher than levels in blood plasma. Although . 
various other tissues and body fluids have revealed virus 
particles by electron microscopy or serology, our negative 
results on these suggest that they may be less significant | 


as sources of transmissible virus, In a previous serological Lge 


study that was non-quantitative, we found detectable 
levels of FeLV in salivary gland tissue from five out 
of five leukaemic cats and in urine from three out of 
five leukaemic cats’. Whether cats that are leukaemic 
excrete infectious FeLV in the same manner as healthy 
infected cats is unknown. Our study, however, has em- 
phasised non-leukaemic Fel V-infected cats for two reasons: 
(1) the prevalence of such cats in most random pet 
populations is considerably higher than the number with 
leukaemia; and (2) non-leukaemic Fel V-excretor™ cats 
have been regularly overlooked or ignored by epidemiolo- 
gists who examined either cat-to-cat or potential cat-to-man 
transmission. Such conventional epidemiological | studies, 
especially those attempting to link feline leukaemia to 
human malignancy, have usually failed to-detect horizontal 
transmission of FeLV or any increased risk of malignancy 
in human contacts", These investigations, however, 
chose cases and controls by pathological diagnosis or pet 
ownership status, and not by virus positivity. We -now 
know that 10-50% of leukaemic cats (‘cases’) are non- 
viraemic'?"'"", and that clinically healthy cats or those ill 
with diseases other than leukaemia or lymphoma (‘con- 
trols’) are often infected with FeLV. Also, serological 
studies have indicated that many Fel V-infected healthy 
cats contain detectable plasma virus for several years’. 
In addition, as many as half of the pet cats in free-roaming 
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Table 2 Infectious FeLV titres in specimens from healthy excretor cats 








. Cats Samples tested (f.f.u.)* Mean titre Range 
Specimen tested Total Positive % Positive (f.f.u.) (f.fiu.) 
Plasma 12 70 70 100 44x 10% 9.4 x 10®-8.4 x 10% 
Saliva 9t 30 30 100 2.2 x 10° 5.4 x 103-2.0 x 10° 
Urine 3 5 0 0 — e 
Faeces 3 3 0 0 a = 
Fleas 4 104 0 0 mi ioe 





*Each tested in triplicate. 


+Three cats consistently and four others periodically excreted an agent toxic to our cell cultures. 
tTotal of 100 fleas. 
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populations have evidence of transient FeLV infection, 
and only small proportions of those that remain chronically 
infected ultimately develop leukaemia or lymphoma’. 
Therefore, epidemiological studies to date designed to 
ascertain human risk of FeLV exposure have not precisely 
done so since virus exposure was probably present in 
both the case and control groups. 

In conclusion, it seems too early to rule out a link 
between any human disease and exposure to FeLV. 
Many FeLV-infected cats exist in the community and the 
laboratory methods to identify them are readily available. 
Subsequent studies designed to examine potential human 
risk from FeLV should compare the incidence of human 
disease in contacts of FelLV-positive cats to matched 
controls in Fel V-negative cats. 
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Blood group-like activity released by 
human mammary carcinoma cells in culture 


Tumour cells synthesise and release antigenic membrane 
associated components which circulate either in a free 
state or complexed with host immunoglobulins’. A 
membrane derived N-like glycoprotein, which inhibited 
Vicia graminea lectin haemagglutination, has been demon- 
strated in serum and ascites fluid of mice bearing the 
Ha subline of TA; murine mammary adenocarcinoma’. 
Springer et al.’ have shown that M and N blood group 
reactive substances were present in both benign and 
malignant lesions of the human breast. But, T-like Arachis 
hypogaea reactive substances were only found in malignant 
breast tissue and not in benign tumours or healthy breast 
tissue’. Isolation and long term cultivation of a human 
mammary tumour cell line, BOT-2 was recently reported’. 
Immunological tests indicated that women with diagnosed 
mammary cancer had circulating antibodies that reacted 
with these cells’ and induced cell surface shedding’. Here 
we report the use of blood-typing antisera and lectins 
to characterise the proteins synthesised and spontaneously 
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released from BOT-2 cells growing in defined medium. 
To our knowledge this is the first demonstration of M, N, 
T, Tn erythrocyte-like glycoproteins being spontaneously 
shed from human epithelial tumour cells in culture. 

BOT-2 cells, after 2d growth on Eagle’s minimum 
essential medium with 10% foetal calf serum, were grown 
to confluency (2 weeks) in albumin containing, serum free 
medium (Hi-WO;/BAsm:; International Scientific). After 
the 2-week interval, each third day the medium was collected 
from the culture flasks, centrifuged at 200g for 10min 
to remove debris and lyophilised. The dry solids were 
resuspended in distilled water, dialysed against phosphate 
buffered saline pH 7.2 (PBS) and chromatographed on 
Sephadex G-10 equilibrated with PBS. The G-10 excluded 
proteins were then concentrated to 5 mg ml by pressure 
dialysis on an Amicon XM-50 membrane. The concentrated 
protein was tested for reactivity against human blood- 
typing lectins and antibodies. First the BOT-2 protein 
was screened for reactivity against various lectins by 
double diffusion in gel. Then, more sensitive agglutination 
inhibition assays were performed to show the competition 
of BOT-2 proteins and M or N red cells for specific 
anti-M or N antibody binding. Finally because of the 
potential significance of spontaneously shed glycoproteins 
with T-like activity to tumour growth and survival, a 
more sensitive test using shed proteins to inhibit T- 
erythrocyte agglutination was used. 

Double diffusion reactions of BOT-2 proteins and 
selected blood group typing lectins are shown in Table 1. 
It may be seen that BOT-2 proteins formed precipitin 
bands with a variety of lectins having specificities related 
to blood group antigens M, N, T and Tn. To show cross- 
reactivity of BOT-2 proteins and the erythrocyte glyco- 








Table 1 Blood group active lectins which form precipitin bands 
with shed human breast tumour cell proteins 
Blood group Lectins 
Activity Common name Systematic name Refs 
anti-M Candytuft Iberis amara 11,12 
anti-N — Vicia graminea 7,44 
anti-T Peanut Arachis hypogaea 11,13 
anti-Tn Blue beard Salvia horminum 14 
anti-Tn Horse gram Dolichos biflorus 7 





Seeds were ground dry, mixed with four times their weight of 
0.15 M NaC! for 3 h at 20 C, centrifuged 10 min at 3,000g and the 
supernatant solution collected. 4. Avpogaea lectin was further purified 
by affinity chromatography on -galactosyl derivatives coupled to 
Sepharose 4B. The lectins (5-20 mg mi~?) were reacted with a 10X 
concentrate (5 mg mi~!) of dialysed BOT-2 cell growth medium by 
diffusion tests in 1% Agarose in PBS®. 


proteins by a system involving different reaction mech- 
anisms, a specific antiserum-red cell agglutination 
inhibition was performed. Agglutination of human M and 
N erythrocytes by both human and rabbit anti-M and 
anti-N antisera was inhibited by BOT-2 proteins (Table 2). 
When a more sensitive assay of T-like activity in BOT-2 
proteins was used, the agglutination of human T red 
blood cells (neuraminidase-treated erythrocytes) by anti-T 
lectin (A. hypogaea) could be completely inhibited by 
BOT-2 proteins (Table 3). Inhibition required 3,000 times 
as much BOT-2 proteins as anti-T lectin on a weight basis, 
however. 

In all assays two types of controls were performed. In 
one, unused medium was concentrated to equal the con- 
centration of medium from BOT-2 cells. In the other, 
growth medium from a human melanoma cell line was 
prepared in the same manner as the BOT-2 proteins. 
When the concentrated unused or melanoma growth 
medium were tested by double diffusion, antibody 
agglutination inhibition or lectin agglutination inhibition, 
no M, N, T or Tn activity was found. 

Shed glycoproteins from human breast carcinoma cells 
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Table 2 Effect of shed human breast tumour cell proteins on the agglutination of M or N erythrocytes by human and rabbit M or N antiserum 








Human antiserum Rabbit antiserum 


Erythrocytes BOT-2 cell Inhibition of Erythrocytes Inhibition of 
and antiserum proteins (ug) agglutination and antiserum agglutination 

M 65 Yes M, 1:2 No 

M 32 No M, 1:4 No 

M 16 No M, 1:8 Yes 

M, 1:16 Yes 

N 65 Yes N, undiluted No 

N 32 No N, 1:2 Yes 

N 16 No N, 1:4 Yes 


masman naaa 
Using human antiserum, 50 pl of serum were incubated with 50 yl of the indicated amount of BOT-2 cell proteins. Using rabbit antihuman 
M or N antiserum, 25 pi of serum at the indicated dilutions were incubated with 25 pl (32 ug) of BOT-2 cell proteins. After 15.min incubation 
at 20 °C, 25 pl of a 3% suspension of washed human M or N erythrocytes were added to the reactions. After incubation for 90 min, the 
agglutination reactions were read by visual inspection. The haemagglutination titres of the human M and N antisera were both 1:8. The 
haemagglutination titres of the rabbit M and N antisera were both 1:64. “OVEN dai 


in culture react with the same lectins as do the membrane 
antigens isolated from whole human breast tumour tissue’ 
and the glycoproteins in serum and ascites fluid from 
mice bearing the TA;-Ha mammary carcinoma‘. The find- 
ing that BOT-2 glycoproteins reacted with anti-M lectin 
(I. amara) and anti-N lectin (V. graminea) suggests that 
the carbohydrate portions of BOT-2 proteins are similar 
to that of M and N blood group substances. The reaction 
of BOT-2 proteins with anti-T (A. hypogaea) and anti-Tn 
(S. horminum, D. biflorus) may be due to incomplete 
glycosylation of some of the carbohydrate chains by BOT-2 
cells, since T and Tn activity may be induced from N 
substance by selective enzymatic digestion” 

Other workers have found M and N activity in both 
benign and malignant breast tumours, but T and Tn 
activities have been reported to occur only in malignant 
human breast tumour tissue. A significant number but 
not all patients with active mammary carcinomas had 
lowered anti-T serum activity, but after surgical excision 
of the tumour many of these patients had increased 
serum anti-T activity”. 

Our findings show that a human ductal mammary 
carcinoma cell line growing in chemically defined media 
spontaneously releases glycoproteins which have M, N, 
T and Tn activity. These observations are in accord with 
the idea that early survival of these cells may depend 
on presentation of a cell surface similar to M and/or 
N erythrocyte membrane glycoproteins. As the tumour 
mass increases it ceases to form fully glycosylated 
membrane glycoproteins. The resulting incompletely 
glycosylated M-N precursors (that is, T and Tn) may 
block or overwhelm the hosts immune capabilities with 
the result that rapidly growing and aggressive tumour 
cells have decreased restraint upon survival and growth. 

We thank R. J. McNeil, P. J. Riggs, and P. L. Munson 
for technical assistance; Dr Jim Lawson, Tulsa Regional 
Red Cross Blood Center, for useful conversations and 





Table 3 Effect of shed human breast tumour cell proteins on the 
agglutination of human T erythrocytes by purified anti-T lectin 





BOT-2 cell Agglutination of 
proteins (ug) T erythrocytes 
300 No 
150 No 
75 Yes 
38 Yes 





“Human T erythrocytes were prepared by neuraminidase treatment 
of human O erythrocytes’. Purified anti-T lectin (A. hypogaea) 50 ng 
was incubated for 15 min at 20 °C with the indicated amount of shed 
proteins from BOT-2 cells: 0.2 ml of a 3°, suspension of T erythro- 
cytes was then added and the mixture incubated for 90 min. The 
agglutination reaction was determined by visual inspection. The 
haemagglutination titre of the peanut lectin was 110,000. 
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A-specific autoantigenic 

ovarian glycolipids inducing 

production of ‘natural’ anti-A antibody 
ACCORDING to current concepts, those antibody populations 


which appear spontaneously in the sera of many species 
against components of the widely-distributed ABH (blood- 


group) antigen system are due to stimulation by 
corresponding exogenous (environmental) antigenic 
material’. We present here evidence which strongly 


suggests an alternative origin in the mouse. 

We recently reported that the development of ‘natural’ 
antibodies against structural elements of the common 
(blood-group) antigen A is markedly sex-dependent in 
C57BL/10 inbred mice. In these experiments all the sera of 
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the females of healthy. unvaccinated mice displayed high 
levels of antibodies which selectively agglutinate the 
erythrocytes of the human blood group A. but only about 
50%, of the sera of the males exerted detectable activities. 
This pronounced production of ‘natural’ anti-A antibody in 
females having a normal oestrous cycle and fertility corre- 
lates with the synthesis of ovarian glycolipids specifically 
combining with the syngeneic ‘natural’ anti-A antibody, 
which they strongly inhibit. Such auto-reactivity was not 
detected in the glycolipid fractions from any of the other 
male and female murine tissues at statistically significant 
levels‘. Moreover, anti-A specific complement-dependent 
lytic serum activities which discriminate between different 
(blood-group) A-antigen expressions or qualities and are 
also exclusively inhibited by the syngeneic ovarian glyco- 
lipids could be demonstrated in a further study’. and 
similar observations have been made in limited (un- 
published) studies with DBA/2, DDS and NMRI mice. 

The genetic background of these findings is as yet 
unknown, and the site of appearance of the A-active 
glycolipid structures in the ovarian tissue and the type of 
cell or cells engaged in their production could up to now 
also not be determined. But the experiments presented 
here (Fig. 1) show that these glycolipid structures are prob- 
ably not expressed at birth but appear during post-natal 
ovarian maturation and that only low levels of the ‘natural’ 
anti-A antibody are produced in the absence of the ovary. 
At 10d of age the murine ovarian tissue displays extremely 
weak A-specific auto-reactivity which then increases rapidly 
during the maturation process. Marked auto-reactivity can 
already be measured at the age of 20d, that is, long before 
the first ovulation, but complete expression of this 
reactivity is not reached before the age of 30-40 d and thus 
correlates with the onset of puberty in the mouse. In fact, 
no further increase could be measured thereafter. This is 
illustrated in Fig. la, which also shows that the develop- 
ment of the A-specific auto-reactive structures markedly 
precedes the appearance of the anti-A antibody (Fig. 1b). 
The antibody develops poorly in mice ovariectomised at the 
age of 20d, whereas the development of the antibody levels 
in sham-operated mice does not significantly differ from 
that in non-operated mice. Hence. the ‘natural’ anti-A 
antibody in the CS57BL/10 female mouse is an autoanti- 
body. that is. the syngeneic ovarian glycolipids not only 
combine with this antibody as a result of, for example, 
coincidental cross-reactivity, but are also specifically 
engaged in its induction, 

The crucial carbohydrate determinant of these glycolipids 
involves N-acetyl-p-galactosamine in terminal linkage, as 
the glycolipid material prepared by the method previously 
described! strongly inhibits the agglutinins specifically com- 
bining with this amino sugar. Four haemagglutinating units 
of the anti-A specific lectin from Dilochos biflorus (Behring- 
werke) and the anti-A haemagglutinin from Helix pomatia 
(from Dr E. Cohnen) in volumes of 20 xl were incubated 
with equal volumes from twofold serial dilutions of the 
ovarian glycolipids in 130 mM NaCl-25 mM Na-phosphate 
buffer, pH 7.2 (PBS), for 60 min at 24°C. Twenty ul of a 

° suspension of washed human blood group A; erythro- 
cytes in PBS were then added and the incubation was con- 
tinued for another 60 min. The amounts of the glycolipids 
producing complete haemagglutination inhibition were 
determined by microscope. The four haemagglutinating 
units of the D. biflorus lectin and the H. pomatia haem- 
agglutinin were completely inhibited by 5 and 2.5 ug of 
the glycolipid material respectively. 

Whatever their other structural properties. which are 
currently being investigated, such glycolipids are probably 
not restricted to ovarian tissue. Moreover, the auto-reactive 
structures discovered in the ovary may also be produced 
in other murine tissues but in quantities too low to be 


Ovarian anti-A auto-reactivity 
(C, haemagglutination inhibition) 
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Fig. 1 a, Age-dependent appearance of ovarian A-specific auto- 
reactivity. 10-, 20-, 40-, 60- and 80-d-old healthy, unvaccinated 
C57BL/10 female mice from our colony (from Jackson Labora- 
tory, Bar Harbor, Maine), each age group consisting of 3 «20 
animals, were killed by ether inhalation in three separate experi- 
ments. Whole venous blood was drawn from the caval veins of 
the 80-d-old mice, pooled, and the serum to be used in the 
inhibition experiments ‘inactivated’ for 15 min at 56°C. The 
ovaries were removed and pooled according to the respective 
groups. The ovarian polar glycolipids were prepared as previously 
described‘ and dissolved in 130 mM NaCl-25 mM Na-phosphate 
buffer, pH 7.2, at 100 pg mi. The anti-A-inhibitory activities 
of the glycolipid material from the ovaries of the different age 
groups were measured and are given as °% inhibition of the 
haemagglutinating power of the pooled syngeneic serum from 
the 80-d-old C57BL/10 females for human blood group A, 
erythrocytes according to the previously described quantification 
procedure’. Values represent the arithmetic mean and standard 
deviation obtained from the three different inhibition experi- 
ments. b, Age-dependent appearance of ‘natural’ anti-A antibody 
activities in the sera of unvaccinated C57BL/10 female mice. 
a, Untreated (non-operated) mice; 7, mice ovariectomised at 
the age of 20 d; ©, sham-operated mice. Animals to be 
ovariectomised or sham-operated were anaesthetised by intra- 
peritoneal injection of 0.1 ml (40 mg per kg body weight) of 
pentobarbital sodium (Nembutal, C. H. Boehringer). Ovaries 
were removed by standard techniques. In sham-operations 
performed in parallel, the peritoneal cavity was opened and 
closed, but the ovaries were left intact. Three different groups, 
each consisting of 3120 ovariectomised and 3x20 sham- 
operated animals, were killed on the day of the operation and at 
the age of 40, 60 and 80 d in three separate experiments. Cor- 
responding groups of non-operated animals were killed in 
parallel. The sera were prepared from blood drawn from the 
caval veins, pooled according to the respective groups and 
‘inactivated’ for 15 min at 56°C. The anti-A haemagglutinin 
activities were determined using human blood group A, erythro- 
cytes‘. Each value represents the arithmetic mean and standard 
deviation obtained from the three different experiments. Values 
on ordinate derived from! 
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demonstrable by the methods used in our previous 
studies‘. The low anti-A antibody levels in the sera of 
the males described in those studies and in the sera of 
ovariéctomised females (see Fig. 1b) could reflect extra- 
ovarian autoantigenic structures, although the possibility of 
extraneous stimulation due to environmental A-antigenic 
components cannot be excluded. 
Nevertheless, the data presented here strongly suggest 
that the production of the ‘natural’ anti-A antibody in the 
female mouse originates predominantly from autoimmuni- 
sation due to an ovarian autoantigen characterised by the 
A-specific auto-reactivity discovered. It could be argued 
that this autoimmunisation is induced by material released 
from the autoantigenic ovarian structures, but that these 
structures are probably not available to the antibody in 
situ. In fact, many potentially immunoreactive glycolipids 
in mammalian cell membranes are effectively shielded by 
proteinaceous cover and do not react with the antibodies 
directed against them. This applies particularly to a variety 
of globosides which display N-acetyl-p-galactosamine_resi- 
dues demonstrating predominantly Forssman-type specificity 
and becoming available to their corresponding antibodies 
only after protease treatment of the cell surface’. 
Although the murine ovarian A-like autoantigen does 
not seem to involve this particular ‘classic’ heterophile 
specificity, its components might also well be ‘masked’ 
in situ and protected from immunological attack in normal 
conditions. Thus the functional significance of the findings 
reported is still not known. Moreover, the intriguing 
question of whether these findings may be extrapolated to 
other species and whether the majority of human ‘natural’ 
anti-A (iso)antibody populations may also basically reflect 
growth processes requires further investigation. 
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Reconstruction of photoreceptor 
membrane potentials from simultaneous 
intracellular and extracellular recordings 


INSERTING a microelectrode into a cell to record electrical 
events provides a rapid and direct way of investigating 
many fundamental membrane-based processes’”. The 
intracellular signals so obtained do not, however, represent 
a true picture of the underlying permeability changes if 
significantly large extracellular potentials are also- present. 
As this is indeed the case in a wide range of tissues, 
including the cephalopod retina, we have recorded simul- 
taneously the intracellular (V:) and extracellular (Ve) 
signals from the photoreceptors of Sepiola atlantica in 
order to reconstruct the true transmembrane potential 
(Vm). We show here that the discrepancies between 
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V, and Vm depend both on the magnitude and duration 
of the light stimulus. ; 
Extracellular potentials of the order of 30mV_ have 
been recorded from arthropod’* and cephalopod retinas 
(R. B. Clark and G.D., unpublished). These are set up by- 
currents passing through regions of high resistance in the . 
restricted space between adjacent photoreceptor cells (Fig. 
1), and several equivalent circuit models that take account 
of this have been put forward**. One implication of these 
models, which has often been overlooked, is that, when 
the potential at the back of the eye is used as a refer- 
ence point, the intracellular recording (V:) will not give a 
true picture of the actual photoreceptor membrane p tential 
change (Vm), but will in fact measure Vm in series with Ve 
(Fig. 1). As most investigators of both invertebrate and 
vertebrate retinas use this recording arrangement (see refs 
l and 2 for reviews), we felt it worthwhile to find out 
whether there are significant differences between observed 
V, and computed Vm potentials (Fig. 1). Ag 
We have found that the most stable intracellular record- 
ings are obtained from the cephalopod when the electrode 
enters a cell almost immediately after touching the distal 
surface of the retina. Before entering a cell, we first 
ensured that the extracellular signals from both recording 


k 








Fig. 1 Diagramatic representation of a cephalopod photo- 
receptor cell based on the electron micrographs of refs 18 and 19. 
There is a minimal extracellular space between cells, whereas in 
the vertebrate retina the rods and cones are smaller and more 
widely spaced”, The equivalent circuit is essentially the same 
cephalopod modelas in ref. 6 and resembles an arthropod model’. 
The sodium resistance (RNa) in the distal segment is assumed 
to decrease in the-light. Photocurrents (/) flowing across a 
large extracellular resistance (Re) imply a correspondingly 
large Ve. Rx is usually assumed constant and R, small, but the 
validity of neither of these assumptions affects our basic argument 
which is that the intracellular signal (V;) does not give a true 
measure of the primary transmembrane voltage change (Vp). 
In the recording arrangement used here with the reference elec- 
trode (in this case a silver/silver chloride wire loop) at the back 
of the retina, Vm is given by the difference between V; and Fe. 
As V; and V, have opposite signs, this means in effect adding the 


amplitudes of the signals in order to reconstruct Vio 
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electrodes were identical. The fact that we could do this 
with electrodes that were spaced at least 1 mm apart showed 
the homogeneity of the illumination conditions and, more 
importantly, the homogeneity of radial current flow across 
the retina. 

Simultaneous extracellular and intracellular records were 
obtained in response to both short and long flashes from 
the non-perfused retina maintained at 10°C (see ref. 7 
for experimental details). The short flashes from a strobo- 
scope were 10 us in duration and so were well within the 
latency period of the response at all intensities (Fig. 2). 
At low intensities (log? = —3.2 and below), the time 
courses of the two signals are similar whereas the ampli- 
tude of the intracellular is the larger. Thus, over this 
intensity range, the intracellular signals are representative 
of the true transmembrane potential changes. At higher 
intensities, the two responses have different time courses 
and are of comparable magnitude. They are complementary 
in that they sum algebraically to give a flat region of 
maximal amplitude. This becomes more apparent as the 
intensity increases. i 

The recovery to the baseline is complete within 500 ms 
at low intensities, whereas there is a significant delay 
in recovery at the higher intensities. This after- 
depolarisation, which has been observed in a number of 
invertebrate preparations®’’, increases with increasing 
intensity. In vertebrate rods and cones there is an after- 
hyperpolarisation which increases with intensity”. At 
the highest intensity used in the present study (log/ = 0) 
there is a very pronounced transient phase in the intra- 
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Fig.2 Response to short flashes. Simultaneous recordings of 
intracellular and extracellular photoreceptor potentials of the 
cephalopod retina. The beginning of each trace (arrowed) 
corresponds to the arrival of a 10-ys xenon tube flash of un- 
filtered incident energy equal to 107? J m~? of white light 
(log? = 0). The relative intensity of each flash is given on the 
left of the figure. The resting potential was —45 mV in all of the 
intracellular recordings (depolarising upwards). The dark 
potential in the extracellular recordings was zero and an up- 
ward deflection in this case corresponds to a negative-going 
potential at the microelectrode. The signals were digitised, filtered 
above | kHz and plotted. The horizontal scale bar represents 
150 ms and the vertical bar represents mV, which for the 
various intensities is given (in the sequence Vi, Ve, Vm) as 
follows: logf = --5.2: 0.4, 0.3, 0.7; log? = —4.6: 1.5, 1.0, 2.4; 
log? = —3.8: 3.6, 2.8, 5.9; log? = —3.2: 6.8, 5.7, 12.1; log 
T= ~2.8: 8.2, 7.6, 15.6; log? = ~2.3: 8.8, 9.1, 17.4; log 
l= —1.8: 9.2, 9.6, 17.7; log? = —1.21: 9.5, 9.7, 17.4; log 
f= 0: 9.4, 11.1, 16.6. 
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Fig. 3 Response to long flashes. Responses to 500-ms flashes 
from a light-emitting diode (Plessey GPL5). The light from the 
diode had an unfiltered energy equal to 0.02 W m~-? (logl = 
0). The start of each trace corresponds to the stimulus onset 
which had virtually zero increase-time. The stimulus duration 
is marked by the solid line below each column. The intracellular 
dark-adapted potential was —42 mV in each case and the extra- 
cellular dark potential was zero. The horizontal scale bar 
represents 250 ms and the vertical scale bar (mV) for each of the 
light intensities is given (in the sequence V;, Ve, Vin) as follows: 
log? = —2.56: 0.6, 0.2, 0.8; log? = ~1.96: 1.3, 0.4, 1.7; 
logi = —1.2: 3.4, 1.3, 4.7; log? = —0.73: 5.5, 2.3, 7.4; log 
I= —0.32: 6.7, 3.1, 9.4; logł = —0: 6.8, 3.9, 10.1, 


cellular recording which corresponds very closely in time 
course to the fast response in the extracellular recordings 
(R. B. Clark and G.D., unpublished). An initial transient 
has been observed in Limulus photoreceptors when short 
intense flashes were used™™, and it has been suggested 
that the transient phase arises from a different mechanism 
from the remainder of the response. It is interesting 
that the initial transient of Vi in the cephalopod almost 
completely disappears in the reconstructed membrane 
response (Fig. 2). 

A light-emitting diode was used to deliver 500-ms flashes 
and in this case the waveforms of the intracellular and 
extracellular responses appear quite different (Fig. 3). 
The V; records are much more rectangular in appearance, 
and the amplitudes of the responses of V; were consistently 
greater than the corresponding V. records. On closer 
examination, however, certain similarities between the 
two types of records emerge. The latencies of both the 
intracellular and extracellular signals at any one intensity 
are equal and decrease with increasing intensity, and 
the initial rate of increase of both signals increases with 
increasing intensity. At high intensities the intracellular 
response reaches a maximum value and then decays 
towards the baseline while the stimulus is still on. This 
‘sag phase’ has also been observed in vertebrate rods and 
cones’. In the cephalopod, it disappears in the recon- 
structed membrane responses (Fig. 3). The intracellular 
records again show a maintained after-depolarisation, which 
is relatively greater in magnitude than the offset in the 
V. records. At high light intensities, as in the short flash 
responses (Fig. 2), the intracellular and extracellular 
records sum algebraically to give a flat response over a 
region in time where both V; and V. are changing. 

Large extracellular responses are not unique to the 
invertebrate retina as vertebrate retinal neurones, princi- 
pally Müller cells’, can in certain circumstances con- 
tribute several millivolts to the overall electroretinogram. 
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Some workers in this field do take precautions to prevent 
contamination of primary intracellular photoreceptor 
recordings by extracellular potentials’. Extracellular 
potentials of comparable magnitude are also found, for 
example, in vertebrate cardiac muscle’ and olfactory 
tissue”, If the membrane events in these tissues are to 
Þe analysed in detail, for example in terms of current 
carriers and permeability changes, then it is important 
to know the basic time course of the potential change 
across the receptor membrane. The data presented here 
strongly indicate.that both the intracellular and extra- 
cellular signals have to be recorded simultaneously in 
order to obtain this information. It is also true that in 
such tissues where the extracellular signal is a function 
of position (ref. 7 and R. B. Clark and G.D., unpublished), 
there is no single, true transmembrane potential, but in 
fact a continuum of transmembrane potentials that require 
simultaneous recording of the signals from an intracellular 
electrode and several extracellular electrodes placed at 
different depths in the tissue. Reconstructions of the 
primary photoreceptor membrane events based on a simple 
equivalent model such as that described in Fig. 1 and 
also a more complex model that takes account of the 
depth variation of the extracellular signal, will be the 
subject of a future communication. 
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Immunological identification 
of rat neurophysin precursors 


Neurons in the supraoptic and paraventricular nuclei of the 
hypothalamus synthesise two peptide hormones, vasopressin 
and oxytocin. These hormones and their neurophysin ‘carrier’ 
proteins are stored in (and released from) nerve endings in the 
posterior lobe of the pituitary’~*. On the basis of extensive 
studies of the synthesis of vasopressin in vivo and in vitro, Sachs 
et al~* have suggested that vasopressin and its associated 
neurophysin are synthesised as parts of a common precursor 
by a ribosomal mechanism. We have also presented evidence 
that the neurophysins are synthesised as parts of larger pre- 
cursor molecules*:". These 20,000 molecular weight precursors 
seem first to give rise to 17,000 molecular weight intermediates 
which, in turn, yield the 12,000 molecular weight neurophysins. 
The following data show that the putative. neurophysin pre- 
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cursors and intermediates bind specifically to anti-rat neuro- 
physin antiserum. 

Female Osborne-Mendel rats (250-g) were used. For 5-7 d 
before use, the rats were given 2% saline to drink to stimulate 
neurophysin and vasopressin biosynthesis’. They were then’ 
anaesthetised with ether and their heads were fixed in a stereo- 
tactic device. The tips of two 30-gauge needles were positioned... 
just adjacent to the two supraoptic nuclei?" and 20 pCi 8S- 
cysteine (New England’ Nuclear; specific activity 40-50 Ci 
mmol ~) in’ 1 yl normal saline containing 1 ug dithiothreitol 
were injected through each needle over a 5-min period. The rats 
were decapitated after an additional 55 min and their brains 
were quickly removed, mounted on specimen holders, and 
frozen on dry ice. The brains were placed in a cryostat (-9 °C). 
and 300 um thick frontal sections through the anterior hypo- 
thalamus were cut with a microtome. The supraoptic nuclei 


‘were dissected from the frozen sections with hollow, stainless 


steel needles. The tissue was immediately homogenised in. 
0.1 M HCI. Tissue pellets from ten animals were pooled into’ 
one sample, the final volume of which was 100 ul. This sample 
was centrifuged at 10,000g for 5 min, and 10 pl of the super- 
natant were subjected to isoelectric focusing in polyacrylamide 
gels (Fig. 1, solid line)'"1*, Four major peaks of labelled pro- 
tein were present in the supernatant. These had isoelectric 
points (pI) of 5.1, 5.4, 5.6, and 6.1. A fifth peak (pI 6.9) was also 
consistently found, but it had less radioactivity than the others. 
We have previously reported that the pI 5.4 and 6.1 ‘precursor’ 
proteins—the first ones to be labelled in the pulse-chase para- = 
digm—have molecular weights of about 20,000 and. that the < 
pl 5.1 and 5.6 ‘intermediates’ have molecular weights of about. 
17,000. 

The remaining 80 ul of the supernatant were neutralised: 
with an equal volume of 0.1 M NaOH. An additional 200 pl 
of ‘buffer A’ (0.01 M potassium phosphate, 1.5 M sodium 
chloride, 1%% sodium azide, pH 7.4) were added plus 100 pl) 
of normal rabbit serum and 0.5 mg of bovine serum albumin. 
After 4 d at 4°C the solution was passed over a calibrated | 
Sephadex G-100 column (0.6 x 17.5 cm) which had been equili- 
brated with buffer A. Some radioactive material which must. 
either have been of large molecular weight or bound to large. 
serum components appeared in the void volume of the column) 
(Fig. 2a). Analysis of the radioactive substances in the void | 
volume by isoelectric focusing indicated that relatively little 
of it was ‘precursor’ or ‘intermediate’. 

A major peak of labelled material eluted between 2.6 and: 





Fig. 1 Isoelectric focusing of “S-labelled proteins in an acid 
extract of the supraoptic nucleus I h after injection of “S-cy~ 
steine adjacent to this nucleus (solid line), and of labelled proteins 
in the above extract bound by anti-rat neurophysin (broken line), 
Six per cent polyacrylamide gels were used for isoelectric focusing; 
the sample buffer contained 8 M urea, 1% Triton X-100, and 2% 
ampholytes (pH 3-10); and the sample was loaded at the anodal 
end of the gel. 
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4.0 ml. Another very large peak came off the column after the 
bed volume (5 ml), and probably contained cysteine and pep- 
tides. A sample containing the material which eluted from the 
column between 2.9 and 3.5 ml (the ‘20,000 molecular weight 
peak’) was divided into three 200-1! aliquots. A specific and 
well characterised rabbit anti-rat neurophysin (20 ui)? was 
added to one of these plus 250 ul of buffer A; 20 ul of anti-rat 
neurophysin plus 20 ug of rat neurophysin (prepared as des- 
cribed previously?) in 250 pl of buffer A were added to the 
second; and 20 ul of normal rabbit serum were added to the 
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Fig. 2 Sephadex G-100 chromatography of *°S-labelled material 
extracted from the supraoptic nucleus | h after a pulse of S- 
cysteine. a, Separation of material which binds non-specifically 
to large molecular weight components of normal rabbit serum. 
Large, labelled molecules and smaller molecules bound to large 
species are found in the void volume. ‘Precursors’ and ‘inter- 
mediates’ are present in an included volume peak, the middle of 
which (hatched area) was used for subsequent studies. b, Most 
of the material in the included (20,000 molecular weight’) peak 
is excluded from the column after addition of rabbit anti-rat 
neurophysin (solid line). Addition of normal rabbit serum (bro- 
ken line) caused no change in the elution pattern of the *20,000 
molecular weight peak’. e, In the presence of rat neurophysin, 
some labelled protein in the *20,000 molecular weight peak* 
is excluded from the column (bound to antibody) and part is not. 
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third. Four days later the three samples were passed in turn 
over the G-100 column. Few counts appeared in the void 
volume of the column when normal rabbit serum was added 
to the ‘20,000 molecular weight peak’. The labelled material 
eluted where it had earlier (Fig. 2b), and tess than 5% of it 
could be precipitated by adding goat anti-rabbit IgG. On the 
other hand, about 75 °% of the labelled material was found in the 
void volume of the column when anti-rat neurophysin was 
added to asample of the ‘20,000 molecular weight peak’ (Fig 26). 
The labelled species in the void volume could be precipitated 
in this case by goat anti-rabbit IgG, showing that they were 
attached to antibody. The antibody-bound materials that 
eluted between 2.0 and 2.3 ml were precipitated with trichloro- 
acetic acid and subjected to isoelectric focusing. Four peaks 
were found with isoelectric points corresponding to those of the 
20,000 molecular weight precursors (pl = 5.4--6.1) and the 
17,000 molecular weight intermediates (pl = 5.1 — 5.6) (Fig. l, 
broken line). The pl 6.1 protein seemed to be bound preferen- 
ually; the reason for this is unclear. A small amount of pi 69 
protein may have been bound by the antibody; none of the 
other components of the original homogenate appeared to be 
bound. 

The counts in the sample of ‘20,000 molecular weight peak’, 
to which both anti-rat neurophysin and rat neurophysin were 
added, were distributed between a void volume peak and a 
20,000 molecular weight included volume peak (Fig. 2c). The 
counts in the former peak were precipitated by anti-lgG; the 
counts in the latter were not; the neurophysin seems to have 
displaced labelled proteins from the antibody. The displace- 
ment may, however, have been incomplete because of (1) the 
presence of an excess of antibody relative to the amount of 
neurophysin added or (2) the relatively high affinity of the anti- 
body for the precursors as opposed to neurophysin. 

We have shown that, in addition to binding neurophysins!, 
anti-rat neurophysin antiserum binds four larger cysteine-rich 
proteins found in the supraoptic nucleus. These proteins, 
which do not react with immunoglobulins in normal rabbit 
serum to a significant extent, can be displaced from anti- 
neurophysin by neurophysin itself. These data lend credence 
to our suggestion that larger protein species synthesised in the 
supraoptic nucleus give rise to the neurophysins":!”. 

We have also studied the synthesis of neurophysin in a 
Strain of rats with diabetes insipidus, that is, the Brattleboro 
strain™*. These animals do not make vasopressin or its associated 
neurophysin. They lack the pI 4.8 neurophysin as well as the 
pl 6.1 precursor and the pl 5.6 intermediate. Thus, the vaso- 
pressin-associated neurophysin seems to be made from the 
pl 6.1 precursor by way of the pI 5.6 intermediate, and the oxy- 
tocin-associated neyrophysin seems to be made from the pI 
5.4 precursor by way of the pl 5.1 intermediate. Whether the 
precursors or intermediates are glycoproteins as are those of 
ACTH® remains to be determined. Whether the precursors 
contain oxytocin and vasopressin as well as the neurophysins 
can now be tested directly. 

A.G.R. is supported by the NIG (grant no. AM 16166) and 
is the recipient of an NIH Career Development Award (grant 
no. AM 00093). Reprint requests to M.J.R. 


MICHAEL J. BROWNSTEIN 
Section on Pharmacology, 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 20014 

ALAN G. ROBINSON 
Department of Medicine, 
University of Pittsburgh, 
Pittsburgh, Pennsylvania 15261 

HAROLD GAINER 
Behavioral Biology Branch, 
National Institute of Child Health and Human Development, 
Bethesda, Maryland 20014 


Nature Vol. 269 15 September 1977 


Received 25 April; accepted 18 July 1977. 


1 Bargman, W. in Neurophypophysial Hormones and Similar Polypeptides (ed. Berde, 
B.) 1-39 (Springer, Berlin, 19€8), : : 
2 Heller, H. in Handbook of Physiology, section 7: Endocrinology, 4 (ed. Knobil, 
Bg ae W. H.) 103-117 (American Physiological Society, Washington. 
, 1974). 
4 Sachs, H. J. Neurochem, 5, 297-303 (1960). 
5 Sachs, H. & Takabatake, Y. Endocrinology 75, 943-948 (1964). 
© Sachs. H., Fawcett, P., Takabatake, Y. & Portanova, R. Recent Progr. Horm. 
Res. 25, 447-491 (1969). 
7 Sachs. H., Pearson, D, & Nureddin, A. Ann. N.Y. Acad. Sci. 248, 36-45 (1975), 
* Takabatake. Y. & Sachs, H. Lesa agen i 75, 934-942 (1964). 
9 Gainer, H., Sarne, Y. & Brownstein, M. J. Science 195, 1354-1356 (1977). 
10 Gainer. H., Sarne, Y. & Brownstein, M. J. J. Cell Biol. 73, 366-381 (1977). 
11 Palkovits, M. Brain Res, 59, 449-450 (1973). 
12 O'Farrell, P. H. J. biol. Chem. 250, 4007-4021 (1975). 
1) Seif, S. M., Huellmantel, A. B., Platia, M. P.. Haluszczak, C., & Robinson, A. G. 
Endocrinology 100, 1317-1326 (1977). 
14 Brownstein, M. J. & Gainer, H. Proc. natn. Acad. Sci. U.S.A. (in pe 
15 Mains, R. E. & Eipper, B. A. J. biol. Chem. 251, 4115-4120 (1976, 


 ————— 


Several of the adenosine 
deaminase isozymes are glycoproteins 


THE basis for the complex multiple molecular forms (isozymes) of 
the enzyme adenosine deaminase (ADA) has been widely studied. 
The ADA found in human erythrocytes (so-called ‘red cell’ ADA) 
exhibits genetically determined polymorphism detectable by elec- 
trophoresis’. has reactive thiol groups? and has a low molecular 
size*.*Red cell’ ADA is present in various tissues other than the red 
cell’. but additional adenosine deaminases. the so-called tissue 
ADA isozymes «a. h. c. d and e named in order of decreasing 
electrophoretic mobility. which exhibit rather different properties. 
occur in varying amounts in nonerythroid tissues. With the 
discovery that the deficiency of ‘red cell’ ADA in certain patients 
with combined immune deficiency disease is accompanied by the 
deficiency of all the other isozymes* ^. it became clear that all the 
forms were probably coded by a single ADA locus. The ‘red cell” 
ADA can be converted into the characteristic “tissue” isozymes 
by tissue extracts both from normal individuals “* and from 
patients with combined immune deficiency disease. A converting 
factor has been isolated and partially purified and is thought to bea 
protein”. This protein is presumably associated with one or several 
‘red cell’ ADA molecules to form the ‘tissue’ isozymes, accounting 
for the alteration in properties (increase in molecular size. loss of 
detectable genetically determined electrophoretic variation and 
loss of thiol reactivity’). We present here evidence. from lectin 
affinity chromatography and experiments with neuraminidase. 
that most of the multiple forms of tissue’ ADA are glycoproteins 
which differ in their accessible sugar residues. This suggests that the 
converting factor may be a single glycoprotein with heterogenous 
carbohydrate content. 

Treatment of extracts of various human tissues with the enzyme 


Fig. 1 Effect of neuraminidase treat- 
ment on the ADA isozyme pattern of 
red cell. liver and kidney extracts. A. 
Photograph of a starch gel and B. a 
diagrammatic representation of the 
isozymes. Open rectangles represent 
the ‘tissue’ ADA isozymes. Shaded 
rectangles represent the ‘red cell 
ADA isozymes. On the gel shown the 
d, and d, isozymes were not clearly 
resolved. but are illustrated as two 
isozymes in the diagram. Neuram- 
inidase treatment was performed by 
incubating 504) of aqueous tissue 
extract with 20 yl of neuraminidase 
solution (from Clostridium perfingens. 


Sigma type VI: I unit per ml. in 10 mM LS = 

phosphate citrate buffer pH 5.0) for 2 (+ / Neura 

h. [Similar results were also obtained minidase) - h 
using Vibrio cholerae neuraminidase.) A Recel 


Electrophoresis and detection were 
done as described by Edwards er al.?. 
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neuraminidase (sialidase) seems to result in the conversion of the 
most anodal tissue ADA isozymes (a. h and c) into a zone of 
activity (dz) which is slightly less anodal than the major d isozyme 
(now referred toas di). Theeflects of neuraminidase are most easily 
demonstrated using extracts of liver (Fig. 1) which contain 
Virtually no ‘red cell’ ADA. The final pattern resembles that seen in 
kidney extracts. These changes are presumably due to the removal 
of negatively charged sialic residues from the tissue ADA a, hand c 
isozymes. The d, and «> isozymes were not affected by treatment 
with neuraminidase and this is most easily demonstrated using 
extracts of kidney (Fig. 1). The ‘red cell’ ADA and the ¢ isozyme 
were also not affected by the neuraminidase treatment. 

The ADA isozymes in liver. kidney. intestine and various other 
tissues were investigated by aflinity chromatography on con- 
canavalin A-Sepharose and wheat germ lectin-Sepharose. Con- 
canavalin A is known to bind to glycoproteins containing terminal 
a-D-mannopyranosyl and 2-D-glucopyranosyl residues and in- 
ternal 2-O-p-mannopyranosy! groups'”:'', Wheat germ lectin 
binds N-acetylglucosamine residues specifically and sialic acid 
residues nonspecifically '*. 

“Red cell’ ADA and the tissue ¢ isozyme failed to bind to either 
lectin. but the other tissue isozymes showed affinity for one or both 
lectins. Isozyme « was adsorbed by both lectins. The relatively 
weakly active isozymes b and ¢ seemed to be adsorbed to 
concanavalin A but their affinity towards wheat germ lectin was 
not thoroughly investigated. The d isozyme showed heterogeneity 
in its adsorption characteristics. Re-chromatography experiments 
showed that this was not due to overloading. In the kidney the 
more cathodal component (d+) was adsorbed by both lectins 
whereas the more anodal component (d) was only partly adsor- 
bed. In the liver and intestine where the major component of the d 
isozyme has the mobility of dı. contrasting results were obtained 
with wheat germ lectin and concanavalin A. The d, isozyme was 
mostly adsorbed by concanavalin A but not by wheat germ lectin 
(Fig. 2). 

Lectin affinity chromatography was also conducted using 
neuraminidase treated liver extracts since the removal of sialic acid 
residues might alter the affinity characteristics of the isozymes. The 
affinity of the isosymes towards concanavalin A was unaffected by 
neuraminidase treatment, but the results of the experiments using 
wheat germ lectin were hard to interpret and two-stage experi- 
ments were therefore conducted. Untreated liver extracts were first 
of all fractionated by chromatography on wheat germ lectin- 
Sepharose. Both the fractions were then treated with neuram- 
inidase. The nonadsorbed «h, isozyme was not affected by this 
treatment. The adsorbed «u isozyme was converted into the two 
forms of the d isozyme. «h, and d (Fig. 2). This material was then 
re-chromatographed on wheat germ lectin. The d isozyme was 
largely not adsorbed whereas the dy isozyme was adsorbed. Thus. 
it seems that the @ isozyme exists in at least two forms with 
overlapping electrophoretic mobilities: one a> which may contain 
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Fig. 2 Affinity chromatography of 
liver extracts using wheat germ lectin 
Sepharose. A. Photograph and B. 
diagrammatic representation. |. Un- 
fractionated control: 2. material that 
was not adsorbed: 3. material that was 
adsorbed and subsequently eluted 
with 10", A-acetylglucosamine: 4. 
sumple 3 treated with neuraminidase a 
The chromatography was conducted 
using Wheat germ lectin- Sepharose 
6MB (Pharmacia) or wheat germ 
lectin Sepharose synthesised using 
Sepharose 4B CNBr-activated 
(Pharmacia) and wheat germ lectin bje 
(Sigma). at 25 C using a column bed 
volume of 3 ml and a sample size of up 


to 0.5 ml crude aqueous tissue extract d, 
(1:1 weight to volume). Equilibration 

and elution of unadsorbed proteins d 
was conducted using a 0.05 M phos- 2 


phate buffer. pH 7.0. containing 0.2 M 
NaCl. Elution of adsorbed material 
was performed using this same buffer 
containing 10°, N-acetylglucosamine 
These two fractions were con- 
centrated and dialysed before elec- 
trophoresis. (The methodology used 
forconcanavalin A- Sepharose affinity 
chromatography was similar. but in 
thiscase the butlers were 0.1 M acetate — 

pH 6.0 containing | M NaCl. | mM l 2 
MgCl,. I mM MnCl, and the same 

buller containing 20°, methyl z- 

mannopyranoside for elution.) 


appropriately linked N-acetylglucosamine residues and is con- 
verted into the «ə isozyme. and the other. a. without the 
appropriate N-acetylglucosamine. which is converted into di. 
Both forms apparently contain sialic acid which is accessible to 
neuraminidase. 

Further experiments using two-stage chromatographic sep- 
arations involving both wheat germ lectin and concanavalin A 
indicate that there are several forms of the d isozyme in human 
tissues: dia with affinity for concanavalin A, but not wheat germ 
lectin: i/in with affinity for neither lectin and d,, and d with affinity 
for both lectins. These isozymes occur in varying amounts in 
different tissues. It therefore seems likely that the so-called a. h. « 
and ¢ isozymes each represent a multiplicity of forms with 
overlapping electrophoretic mobilities which differ only in their 
carbohydrate side chains, 

The tissue ADA ¢ isozyme does not fit readily into this scheme 
our evidence suggests that it may not be a glycoprotein. It is also 
unusual in its restricted tissue distribution. occurring only in large 
amounts in the intestine, and its much larger apparent molecular 
size (435.000) (ref. 3) than the other tissue isozymes (230) 280.000) 
(rels 3.5). It is possible that another protein converting factor ts 
involved in the generation of the ¢ isozyme trom red cell ADA or 
the e isozyme may be coded by a separate structural locus. An 
alternative and perhaps simpler explanation is that the (glyco) 
protein which leads to the conversion of red cell ADA into thea. h. 
cand d isozymes is also responsible for the generation of the tissue 
ADA v isozyme. but the composition of the sugar chains may be 
different 
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Translation of human 
immunoglobulin heavy chain mRNA in vitro 


Mouse immunoglobulin (Ig) mRNAs have been the subject 
of intensive study. Purification of Ig light chain mRNAs 
from myeloma or plasmacytoma cells has been monitored 
by translation in vitro, and studies have been directed 
towards sequence determination and gene titration. More- 
over. partial purification of Ig heavy chain mRNA has 
also been achieved'"*. No comparable work on the Ig 
mRNA of any other species has yet been published. We 
report here the preparation. fractionation and translation 
in vitro of MRNA from cells of a cloned normal human B 
lymphocytic cell line. RPMI 1788 (ref. 6). grown in tissue 
culture. Human Ig yw chains were identified in the trans- 
lation product by specific immunoprecipitation and electro- 
phoretic mobility in sodium dodecyl sulphate (SDS)-urea 
polyacrylamide gels. 

Preliminary experiments were carried out on a range of 
human lymphocytic cell lines supplied by Searle Research 
Laboratories. High Wycombe, and RPMI 1788 was chosen 
for this work because it produced the highest level of Ig 
(5%-10% of total protein synthesis) in tissue culture. All of 
this Ig synthesis in RPMI 1788 is of the IgM type, that is, 
u heavy chains and A light chains. Analysis of the Ig pro- 
duction in vivo is shown in Fig. |. The feasibility of using 
this cell line for the preparation of Ig mRNA was further 
indicated by the observation that the rate of protein syn- 
thesis and the level of IgM production are maintained when 
cells are grown in medium containing swine serum rather 
than the more costly foetal calf serum. and also when the 
cells are grown to a high density (up to 8X 10° cells per ml) 
in suspension culture. 

Total RNA was prepared from about 5g wet weight 
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RPMI 1788 cells, freshly collected, essentially following the 
method of Bedard and Huang’. The total yield of 6mg 
RNA was fractionated in sucrose gradients into a high 
molecular weight (HMW) fraction (5.5mg) and a low 
molecular weight (LMW) fraction (0.5 mg) as shown in 
Fig. 2. The RNA in each of these pools was passed through 


c.p.m. x 107? 
oS 
a 


0 10 20 30 40 
Slice no. 


Fig. 1 Polyacrylamide gel electrophoresis identifying Ig chains 
synthesised by RPMI ın vivo. RPMI 1788 cells (107) suspended in 
2 ml RPMI 1640 medium containing 250 pCi *H-leucine were 
incubated at 37°C for 6h, collected and lysed in 1 ml lysis 
buffer containing 0.5 °% Nonidet P40, according to the method of 
Prekumar et al.™?. Antibody precipitations were performed on 
0.5 ml aliquots of the cell lysate and on 1 ml aliquots of the 
labelled medium as follows: 6 ul rabbit antiserum to human 
u-chain or to bovine serum albumin (Miles) were added and the 
samples incubated on ice 45 min before the addition of 15 ul 
goat anti-rabbit IgG antiserum (Miles). Samples were incubated 
a further 45 min on ice and the immunoprecipitates were then 
collected, washed three times with phosphate buffered saline 
and once with ethanol-ether (1:1) containing 1% B-mercapto- 
ethanol, dried in a vacuum, and then dissolved and reduced 
by the addition of 50 ul 6 M urea, 10 mM sodium phosphate, 
pH 7.5, 2% sodium dodecylsulphate (SDS), 1% B-mercapto- 
ethanol, 10% sucrose and incubation at 90 °C for 2 min. Each 
sample was electrophoresed in 10% polyacrylamide disc gels 
(6 mm X6cm) containing 6 M urea, 0.1 M sodium phosphate, 
pH 7.5, and 0.4% SDS, for 16 h at 2.5 mA per gel with a reservoir 
buffer of 0.1 M sodium phosphate, pH 7 5, 0.1% SDS and 5 mM 
thioglycolic acid. Gels were frozen and sliced at 1 mm intervals 
and each slice was incubated in 0.3 ml Soluene 350 (Packard) 
and the radioactivity monitored in toluene scintillant. Panels 
show anti p-chain immunoprecipitates of the cell lysate (a), and 
of the medium (b). Unlabelled human p, y, and à chains were 
run in a parallel gel and their positions at the end of electro- 
phoresis are indicated. A similar gel of the anti-bovine serum 
albumin immunoprecipitate nee shown) revealed no p or A 
chains. 
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Fig. 2 Sucrose gradient fractionation of RPMI 1788 micro- 
somal RNA Microsomal RNA was prepared and sedimented 
through sucrose gradients using the method of Bedard and 
Huang’. All manipulations were at 4°C unless otherwise indi- 
cated. The cells were homogenised by six strokes in a tight fitting 
glass—Teflon homogemuser in 5 volumes of 4 mM Tns (pH 7.4), 
1.5 mM MgCl, 25 mM KCI, 250 mM sucrose. Nuclei and cell 
debris were pelleted at 3,000g for 10 min and the supernatant 
was removed and centrifuged at 30,000 r.p.m. (100,000g) for 
20 min in a Beckman SW 41 rotor. The resultant microsomal 
pellet was dissolved in 2 volumes 5mM Tnis buffer, 3% SDS, 
at room temperature and immediately extracted twice on ice 
with 1 volume of phenol and subsequently 1 volume chloroform. 
The RNA was precipitated from the aqueous phase by addition 
of ethanol, washed, dissolved in water and layered on four 
5%-30% sucrose gradients made in 0.1 M NaCl, 10 mM Tris 
(pH 75), 1mM EDTA, 0.5% SDS. Gradients were centrifuged 
at 25,000 r.p.m in a Beckman SW 41 rotor at 25 °C for 16 h, and 
then were fractionated by displacement from the bottom with 
40% sucrose, while the fractionation was monitored with an 
Isco UA (see trace). The fractions were pooled as indicated 
and the RNA in each pool was collected by ethanol precipitation, 
washed, and purified on oligo dT-cellulose (T-3; Collaborative 
Research) at room temperature in the.presence of 10 mM Tris 
buffer and 0.5% SDS. The poly-A* RNA, as well as the pol -A7 
RNA, from each gradient were collected and washed as above, 
re-dissolved in water and stored at —20 °C. 


a column: of oligo dT-cellulose to separate the polyadenyl- 
ated (poly-A*) RNA, presumably mRNA, from the non- 
polyadenylated (poly-A~) RNA. The HMW pool of Fig. 2 
yielded 80 ng poly-A* and 2.1 mg poly-A~ RNA; the LMW 
pool yielded 18 ug poly-A* and 330 ug poly-A% RNA. 
Three of these RNA fractions were analysed in 250 ul 
rabbit reticulocyte lysates for their ability to stimulate 
protein synthesis in vitro. HMW poly-At RNA (25 ug), 
LMW poly-At RNA (15 ag), and HMW poly-A% RNA 
(50 ug), added to the assay system stimulated the incorpora- 
of labelled amino acid to levels of 5,470, 3,031, and 708 
cpm above background (background=1,291 cp.m.) per 
2 al aliquot Each of the incubated lysates was precipitated 
with antiserum to human + chain. Only the HMW poly-A* 
RNA stimulated lysate contained specifically immuno- 
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Fig. 3 Polyacrylamide gel electro- 
phoresis demonstrating Ig j~chain 
mRNA from human lymphocytes 
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translated in vitro. RNA samples 
c were analysed in 250 pl rabbit 
reticulocyte lysates prepared by the 
method of Palmiter®, but buffered 
with 14mM HEPES, pH 7.6, 
b stored at —80 °C, and pretreated 
with micrococcal nuclease by the 
methods of Pelham and Jackson”. 
After addition of 22 pCi 8S-methio- 
+ nine and the RNA to be tested, each 
lysate was incubated for 90 min at 
26 °C. Aliquots of 2 ul were preci- 
pitated with trichloroacetic acid and 
r precipitates were washed, dried and 

monitored for radioactivity as a 
measure of total protein synthesis. 
To determine the quantity of u 
+ chain synthesised, the remainder of 
each 250-ul lysate was immuno- 
precipitated as follows: lysates 
were each mixed with 50 ul 50 mM 
rf methionine, 25 yl 10% Triton X- 
100, 25 pl 10% sodium deoxycho- 
late, and 4u! human IgM (8.7 
mg ml~') or, as a control, 9 pl 








Slice no. 


ovalbumin (1 mg ml~*) and centri- 
fuged at 16,000g for 5 min. From 
each sample the top 225 yl was 
removed and added to 50 yl anti- 
human p-chain antiserum (Miles) 
or 50 ul anti-ovalbumin antiserum 


(Miles). After incubation at 37 °C, for 90 min each sample was layered over a discontinuous sucrose gradient (100 yl 1 M sucrose-+- 50 pl 
0.5 M sucrose) in a 400 ul Beckman microfuge tube and centrifuged at 16,000g for 5 min. The tubes were frozen at —80 °C and the tip of 
each was cut off in order to collect the antibody precipitates, which were then dissolved, reduced, monitored for radioactivity and electro- 
phoresed in 10% polyacrylamide disc gels as described in the legend to Fig. 1. The gel patterns shown represent the anti-u-chain immuno- 
precipitates obtained from lysates containing 60 pg mi~ LMW poly-A* RNA (a), 200 ug mi~! HMW poly-A~ RNA (b), and 100 pg mi~ 

W poly-A* RNA (c). The gel pattern (not shown) of the anti-ovalbumin immunoprecipitate from a lysate containing 100 ug mi~ HMW 
poly-A* RNA is identical to patterns (a) and (b). The gel pattern (not shown) of the anti-ovalbumin immunoprecipitate from a lysate 
containing 200 pg ml~! oviduct polysomal RNA shows one labelled peak well separated from the y-chain position and co-migrating with 

the unlabelled ovalbumin marker. 


precipitable protein. The amount of radioactivity recovered 
in the immunoprecipitate (multiplied by 3 since only one- 
third of the HMW poly-A* RNA was tested in the assay) 
equals 0.7% of the total protein synthesised in response to 
the three RNA fractions (obtained as the sum of the cor- 
respondingly normalised activities). Gel electrophoresis of 
the immunoprecipitates in Fig. 3 shows that the protein 
precipitated by the u-chain antiserum is homogeneous, and 
identical in mobility to human y-chain marker. These 
results indicate the presence of intact, translatable s-chain 
mRNA in the HMW poly-A* fraction of RNA prepared 
from human lymphocytes. 

The cells used in the experiments described above were 
freshly collected, but this does not seem to be essential. The 
entire procedure has been repeated using a similar quantity 
of cells which had been rapidly frozen in liquid N: as a cell 
pellet and stored at —80 °C before RNA preparation. The 
results of the second experiment, including yields of RNA, 
the sedimentation pattern of the RNA, the yields of 
poly-A* and poly-A~ RNA and the ability of the HMW 
poly-A* fraction to stimulate the in vitro synthesis of anti- 
»# chain precipitable protein, were essentially identical to the 
results with freshly collected cells illustrated in Figs 2 and 3. 
The second preparation yielded a percentage of anti-#-chain 
precipitable protein of 3.4%, which approaches the level of 
5%-10% estimated for in vive synthesis. 

In this second experiment, the 18S peak from the sucrose 
gradient was pooled separately from the rest of the HMW 
fraction. Immunoprecipitation of the in vitro translation 
products showed that more than 90% of the w-chain mRNA 
is located in the 18S fraction, indicating that this mRNA 
has a sedimentation coefficient of around 18S. This result 
may be compared with reports that, in mouse, the a-heavy 
chain mRNA (from MOPC 315 plasmacytoma) sediments at 


16-19S (ref. 3), and y-chain mRNA (from MOPC 21 tissue 
culture cells) at 17S (ref. 1), and suggests that the human 
u-heavy chain mRNA may be of similar size. Work is now 
in progress to prepare large quantities of RPMI 1788 RNA 
to be used for the further physical and chemical character- 
isation of the Ig mRNA. 
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Identification of chromosomal location of 
yeast DNA from hybrid plasmid p Yeleul0 


THERE is strong evidence to suggest that some genes of 
baker’s yeast Saccharomyces cerevisiae can be expressed in 
Escherichia coli when cloned on plasmid or phage vectors’’’. 
This conclusion is based on the observation that hybrid 
plasmids and bacteriophage carrying specific fragments of 
yeast nuclear DNA can complement certain auxotrophic 
mutations in the E. coli genome. Complementation alone, 
however, is not sufficient to prove that the cloned DNA 
contains a yeast gene equivalent to the defective bacterial 
gene. One aspect of the identification of any cloned DNA is 
the identification of its chromosomal origin. We present 
here a method for the identification of the chromosomal 
origin of cloned yeast DNA using hybridisation to DNA 
from yeast strains aneuploid for a single chromosome. 
Using this method we have confirmed the chromosomal 
location of the DNA of a yeast hybrid plasmid (pYeleu/0) 
presumed to contain sequences coding for the leucine bio- 
synthetic enzyme -isopropylmalate dehydrogenase, the Jeu2 
gene of yeast. 

Ratzkin and Carbon' attempted to isolate a hybrid plas- 
mid containing a functional yeast /eu2 gene by transforma- 
tion of a leu” bacterial strain (JA199; leuB6, trpES, lacY~ 
hsdR” hsdM~/F*) defective in B-isopropylmalate dehydro- 
genase to leut using randomly sheared yeast DNA cloned 
on the plasmid vector ColE]. These workers isolated several 
independent clones which contained plasmids capable of 
suppressing the /euB™ defect in the host cell. Analysis of 
the restriction patterns of the plasmid DNA from these 
clones gave the surprising result that at least four distinct 
yeast DNA sequences were represented among these plas- 
mids. As only one locus (Jeu?) is known in yeast to code for 
the enzyme f-isopropylmalate dehydrogenase, this result 
meant that in at least some cases suppression of the host 
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leuB mutation could occur by means other than enzymatic 
complementation. This result emphasises that complement- 
ation does not provide clear evidence for the presence of a 
specific functional gene or a unique segment of DNA 
corresponding to the yeast leu2 region. Further genetic 
tests by these workers showed that one plasmid, pYeleul0, 
complemented several JeuB™ alleles while the rest were 
specific for the original allele, JeuB6é. For this reason it 
seemed likely that plasmid pYeleulO might be expressing 
the cognate yeast gene, leu2, which is:located on the left 
arm of chromosome ITI, near the centromere: Lane 
To determine unambiguously the chromosomal! location 
of the yeast DNA carried by pYeleul0, we have analysed’ 
the hybridisation of labelled plasmid DNA to yeast DNA 
from strains aneuploid for chromosome III. Hybridisation 
was carried out after transferring restriction digests of the 
yeast DNA to nitrocellulose filters by the Southern blotting 
procedure’. The rationale for the experiment was that in 
the conditions used (that is, excess probe) the amount of 
label bound should be directly related to the amount of 
DNA originally present on the filter, and therefore that the 
degree of hybridisation to bands from chromosome IIT 
should reflect the aneuploid condition. The -yeast strains 
used are described in Table 1 and include a normal haploid, 
a normal diploid, a diploid monosomic for chromosome: HI. 
(2n—1) and a haploid disomic for chromosome TIY (n+1)- 
Thus, the amount of chromosome III DNA per ‘haploid 
genome (n) in each strain varied from n/2 (H151-2A) to n 
(+D4, 8481) to 2n (H159/1). It should be emphasised that- 
the success of this and similar experiments depends on an 
accurate determination of the genotype of the aneuploid 
strains at the time of DNA isolation. Aneuploidy in most 
organisms, including yeast, is an unstable condition and 
strains may frequently revert to euploidy during culture. 
Genetic assays for aneuploidy in strains H159/1 and H151- 
2A are described in the legend to Table 1. Methods used for 
isolation and labelling of DNA along with conditions for 
hybridisation are described in the legend to Fig. 1. The 
hybridisation probe consisted of a mixture of “P-labelled 





Table 1 Yeast strains used 





Copies of chromosome IH 


Strain Chromosome Genotype per haploid genome 
no. 
A364a +D4 2n ural adel ade? a 1 
ural adel ade? a 
8481 n his4-260 a HOLI-1 1 
H159/1 n+l his4—38 leu2-1 a+ lysI—I, can1—-100 ,, met8-1 2 
is4—, leu2—1,, a SUP61 
H151-2A 2n-1 his4~ leu2-1 o thr4 mal2 lysl-1 ade2-I 4 
+ + 
$36 2n-1 a inol-13 ino4-8 } 


inol-13 ino4-8 





Strains were constructed in this laboratory by standard genetic techniques* with the exception of A364a +D5 which was obtained from Lee 


Hartwell. The media used were described previously’. Cultures of H159/1 and H151-2A used for preparation of yeast DNA 


ere tested for 











aneuploidy immediately before collecting as follows. H151/1: the culture was diluted and plated on YEPD (complete) agar for single colonies 
and tested for expression of genetic markers by replica plating. Because of the presence of the ochre suppressors SUP6! (Hawthorne, personal 
communication) the phenotype of a colony arising from an aneuploid cell of the genotype shown in this Table will be Leu* Lyst His~ Met~ 
canavanine sensitive (Can*) and non-mating (a/a). But, because of the spontaneous loss of the chromosome containing the supressor, some cells 
in the colony exhibit an altered phenotype, Leu -Lys “His ~Met~Can‘ and mating type a. Such segregants can be detected by plating on medium 
containing canavanine and subsequently testing the Can‘ segregants for the other nutritional markers and mating type. The presence of these 
segregants in a clone provides evidence that the parent cell was aneuploid. All 289 colonies tested exhibited all aspects of this complex phenotype 
and the culture was assumed to contain virtually 100% aneuploid (n+ 1) cells. H151-2A: an aliquot of this culture was mated with cells of strain 
X836 on YEPD agar, then transferred to SPOR agar to induce meiosis and sporulation. Tetrads were dissected and assayed for each of the 
genetic markers in the cross. Because the two strains were mated en masse, resulting in the formation of thousands of independent zygotes, it 
was assumed that each tetrad was the result of an independent mating event and thus reflected the genotype of an individual cell from the H151- 
1A culture. Tetrads resulting from matings involving aneuploid H151-2A cells would be expected to exhibit 2:2 segregation for each of the 
alleles located on chromosome III. But, tetrads exhibiting 4:0 or 3:1 segregation for mating type, cryptopleurine resistance (Cry‘) or maltose 
fermentation would indicate that two copies of each of these alleles were present and that parent H151-2A cell had reverted to euploidy. 
Of 83 tetrads; 70-scored were of the former type (2:2) indicating that the culture of H151-2A from which DNA was isolated contained at least 
80% aneuploid (27-1) cells. Lysi-1 and ade2-1 exhibited normal tetraploid segregation. 


—— 
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DNA from pYeleul0 and YPH-1, a hybrid plasmid created 
in this laboratory containing an unidentified segment of 
yeast DNA. YPH-/ was used as an internal standard for the 
extent of hybridisation. Although its chromosomal location 
is not known, it is presumed not to be located on chromo- 
some III because hybridisation of YPH-/ to whole yeast 
DNA is not affected by aneuploidy of chromosome III 
(J.H., unpublished). Hind ITI was used to digest the yeast 
DNA because neither pYeleu/0 nor YPH-I are cut by this 
enzyme and each should thus be represented by a single 
band in a yeast Hind III digest. 

The results of one hybridisation experiment are shown in 
Fig. 1. The degree of hybridisation in each of the two main 
bands was assayed by cutting out and weighing the two 
main peaks in the densitometric tracings. As shown in 
Table 2, the ratio of the peak areas in each track varies 
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directly with the ratios of chromosome III per haploid 
genome. This result was confirmed by cutting the bands out 
of the filter and assaying radioactivity in a scintillation 
counter (not shown). From these data we conclude that 
pYeleul0 carries sequences located on chromosome III. 
This experiment has been repeated with similar results (not 
shown). 

An intriguing feature of the radioautograph obtained by 
this procedure is that faint bands are observed in each track 
in addition to the single main band associated with each 
plasmid. These are present even when pYeleu/( alone is 
used as probe and have been frequently observed by other 
workers (K. Struhl and J. Carbon, personal communica- 
tion). It is not likely that they are the result of incomplete 
digestion of the yeast DNA since some of them are smaller 
than the smallest Hind III fragment which could corres- 
pond to pYeleu/0, that is, a fragment equal in size to 
pYeleul0 itself since pYeleul0 contains no Hind III restric- 
tion sites. It is tempting to speculate that these ‘ghost bands’ 
might represent partially homologous sequences scattered 
throughout the genome which have a common regulatory or 
structural function. 

We conclude that plasmid pYeleu/0 contains sequences 
from chromosome ITI of yeast, probably including the leu? 
locus. Using this plasmid as a probe it will be possible to 
locate sequences flanking the ieu? region among collections 
of clones containing yeast DNA and by repeating that 
process to ‘walk’ down the chromosome to other regions of 


Fig. 1 a, Radioautograph of **P-labelled DNA from plasmids 
pYeleul0 amd YPH-I hybridised to a ‘Southern blot’ (ref. 3) 
containing Hind IMI restriction digests of yeast DNA. b, Densito- 
meter tracings of the individual tracks in the radioautograph. 
Yeast DNA was prepared by the method of Cryer, Eccleshall 
and Marmur’. Approximately 2 ug of DNA from each strain 
was digested with restriction endonuclease Hind M (New 
England Biolabs; 2 units per ug DNA, 37°C for 4 h) and 
subjected to electrophoresis on a horizontal 0.8% agarose slab 
gel (1.3 x 15 cm tracks) for 12 h at 4 mA per track. The restriction 
digest in the gel was then transferred to a nitrocellulose filter 
(Millipore HAWP) by the Southern blotting procedure*. DNA 
from plasmids p YeleuJ0 and YPH-/ was isolated by a modifica- 
tion of procedures described by Clewell® and Guerry et al’. 
Cultures were grown in supplemented synthetic medium to mid- 
log phase (2-4 x 108 cells per ml) at which time chloramphenicol 
was added to a concentration of 250 mg 17! and the cultures 
were shaken at 37°C for 25h to allow amplification of the 
plasmid’. The culture was divided into 200-ml aliquots for further 
processing. Cells were collected by centrifugation, washed in 
10 mM Tris-l1 mM EDTA, pH 8.0 and resuspended in 2 ml 
50 mM Tris—25 % sucrose, pH 8.0 plus 2 mg lysozyme (Worthing- 
ton). The mixture was incubated 5 min at O °C before addition of 
0.4 ml EDTA, pH 8.0 and further incubation for 10 min at 0 °C. 
Lysing buffer (1% Triton X-100, 1 mM EDTA, 50 mM Tris, 
PH 8.0) 4 ml was added followed by incubation for an additional 
15 min at O °C. The lysate was then centrifuged for 90 min at 
18,000 r.p.m. in a Sorvall SS-34 rotor to pellet cell debris and most 
of the chromosomal DNA. The supernatant was then carefully 
decanted away from the loose pellet, volume was adjusted to 
8.0 ml with 0.5 M EDTA and 0.3 ml ethidium bromide (10 mg 
ml-') was added. Protein precipitated by the CsCI-EtBr was 
removed by centrifugation at 30,000g and the cleared supernatant 
centrifuged for 40 h at 40,000 r.p.m. in a Beckman 65 rotor. The 
plasmid DNA band was extracted from the density gradient 
as described by Clewell*. Ethidium bromide was removed by 
three extractions with isopentyl alcohol followed by dialysis 
against 10 mM Tris-1 mM EDTA pH 7.5. Plasmid DNA was 
labelled with **P by nick translation using DNA polymerase I 
(Boehringer-Mannheim Grade I) according to the method of 
Maniatis ef a/."'. Specific activity of the labelled plasmid DNA 
was 1.1 10° Ci pg. After denaturation of the probe DNA 
in 0.2 M NaOH at 65 °C, hybridisation to the filter-bound DNA 
was accomplished in 10 ml of 4 x SSC + 0.1% sodium 
dodecylsulphate at 65 °C for 44 h. The filter was then exhaustively 
washed in 3 mM Tris base (M. Botchan, personal communica- 
tion) and exposed to Kodak No-Screen X-ray film (NS2T) for 3h. 
The exposed film was then scanned using a densitométer. 
The sensitivity of the densitometer was adjusted for each scan to 
normalise approximately YPH-/ peaks 
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Table 2 Comparison of the peak areas in the densitometric 
tracings in Fig, 1 





7 Weight of cut-out Ratio: Copies of chro- 
i peak (mg) PYeleul0/ mosome III per 
Strain pYeleul0 YPH-1 YPH-1 haploid genome 
H151-2A 17.1 10.2 1.4 4 
8481 36.7 11.7 3.1 1 
+D4 32.7 10.2 3.3 1 
H139/1 66.8 11.6 5.8 2 





Areas were measured by reproducing the densitometer tracings 
onto heavy paper, cutting out two copies of each peak (as indicated 
by the dotted lines) and weighing each one. Weights shown are the 
average of two measurements. 


interest. It should further be possible to identify cloned 
DNA from specific genetic loci by hybridisation to restric- 
tion digests of DNA from yeast strains carrying genetically 
defined deletions which enter these loci. Southern blots of 
DNA from such strains should exhibit altered hybridisation 
patterns relative to wildtype DNA. Deletions exist which 
have endpoints in or near the his4 locus’, the centromere 
(H. Klein and G. F., unpublished), and the mating type 
locus’. Attempts to isolate the DNA from these loci by this 
approach are under way. 

We thank Barry Ratzkin and John Carbon for allowing 
us to use the pYeleu/0 plasmid and Dick Hallberg for in- 
formative discussion. This work was supported by NIH 
grant GM15408 (G.R.F.) and an NIH Post-doctoral Service 
Award (J.B.H.). Alt work involving living cells containing 
recombinant DNA was performed in accordance with the 
NIH Guidlines for Recombinant DNA Research”. 
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Deuterium NMR study of lipid organisation 
in Acholeplasma laidlawii membranes 


THE most convincing studies of molecular order in model 
membranes are undoubtedly those involving deuterium nuclear 
magnetic resonance (NMR) of labelled lipids in the lamellar 
liquid crystalline phase'~*, The relevance of these results to 
biological membranes has not yet been established, however; 
there is no a priori reason to expect the state of organisation 
of lipids in the lamellar liquid crystal to resemble closely that of 
a natural membrane. We report here the first detailed study of 
acyl chain order in the lipids of a natural biological membrane— 
the plasma membrane of the microorganism Acholeplasma 
laidlawii. Specifically deuterated fatty acids were incorporated 
biosynthetically into the membrane lipids as described pre- 
- ~Siously”.. The "H-NMR spectra of the membrane demonstrate 
_ the co-existence of at least two different kinds of lipid. Signals 
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Fig. 1 °H-NMR spectra, at 13.8 MHz, of Acholeplasma laidlawii 
membranes containing palmitate-13d,. At 42 °C (a) the spectrum 
is dominated by the fluid phase with the splitting indicated by 
the two arrows. As the temperature is lowered (b, 30 °C; c, 25 °C), 
the spectrum appears more characteristic of a gel. All the spectra 
were recorded at a repetition rate of 4 scans per s. The number 
of scans was 120,000 at 42°C and 40,000 at 30°C and 25°C, 
The spectra were symmetrised about the Larmor frequency which 
is represented by zero. 


from the more fluid lipid are most prominent at temperatures 
near and above the growth temperature (37 °C). The more 
solid-like lipid, which predominates at lower temperatures, 
may be similar to the gel state of lamellar phases and could 
include lipid associated with the membrane protein. For the . 
more fluid phase, the plot of order parameter against position 
of deuteration strongly resembles that for egg yolk? and dipal- 
mitoyl® phosphatidylcholine. Incorporation of cholesterol into 
the membrane of A. /aidlawii increases the average acyl chain. 
order and also increases the spread of order parameters, similar 
to its effect on egg yolk phosphatidylcholine®. These results 
represent a major justification for the use of lamellar liquid 
crystals as models for the lipid in biological membranes. 

The NMR samples consisted of 0.5~—1.3 g of lyophilised 
A. laidiawii membranes which were hydrated with 1-3 ml of 
distilled water. The average acyl chain composition of the 
membrane lipids was as follows: 12:0 = 6.6% (1.2); 14:0 = 


Fig. 2 The distance between the peaks in the powder pattern, 

Av, against position of deuteration of the palmitate chains at 

42°C. Points connected by dotted lines were obtained from 

samples labelled in two adjacent positions for which the two 

powder patterns are not resolved. Error bars are estimated from 

the spectra and do not include possible effects due to variation in 
membrane composition. 
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18.1% (2.3); 16:0 = 68.8% (3.6); minor components = about 
6.5% as determined by gas-liquid chromatography. The values 
given represent mean compositions for all 10 specifically 
labelled samples. The numbers in parentheses are average 
deviations from the mean. Thus the membrane lipid chains 
were enriched to about 70% with specifically deuterated 
palmitate. The small random variation in chain composition, 
which seems to be unavoidable in this experiment, is indepen- 
dent of the position of deuteration in the palmitate chain. 

The "H-NMR spectra of labelled biological membranes are 
characterised by quadrupolar ‘powder’ spectra spanning a 
wide frequency range and with residual quadrupolar splittings 
of 10?-10° Hz (refs 2, 7). A quadrupolar spin echo technique 
(‘solid echo’) was used here to obtain undistorted spectra. 
The merits of this simple pulse technique, necessary to these 
experiments, have been discussed in detail by Davis et al.*. 
The signals were recorded at the *H Larmor frequency so that 
the low field half of the symmetrical quadrupolar powder 
spectrum appears folded and superimposed on the high field 
half, thus increasing the detection sensitivity by a factor of 
4/2. To facilitate visual interpretation of these spectra, we 
plotted sample spectra reflected about the symmetry axis to 
simulate the appearance of a complete spectrum and show the 
quadrupolar splitting (Fig. 1). The reader should not be 
misled by the apparent perfect symmetry of these spectra. 

As shown in Fig. 1, above the growth temperature of 37 °C, 
the "H-NMR spectra are dominated by a quadrupolar powder 
spectrum which resembles strongly those observed for simple 
liquid crystalline phospholipids**. At lower temperatures, 
signals characteristic of a more solid-like phase appear. This 
behaviour is entirely consistent with the extremely broad 
thermal phase transition reported previously for A. laidlawii 
membranes derived from palmitate-supplemented media’. 
The quadrupolar splittings and related order parameters Sco 
were measured as a function of the position of the deuterium 
label in the palmitate chain for the fluid phase of A. /aidlawii 
membranes at 42 °C. A plot of the deduced order parameters 
Scp against position of deuteration is shown in Fig. 2. This 
plot has the same characteristic shape as those found for 
lamellar liquid crystalline phases of single phospholipids**. 
The ‘plateau’ region of constant order extends from carbon 


Fig. 3 "H-NMR spectra, at 13.8 MHz and 42 °C, of A. laidlawii 

membranes contaming perdeuteriopalmitate; a, without cho- 

lesterol and b, with 2 : 1 bi id : cholesterol ratio. As in Fig. 1, the 
spectra were made soratnettical about the Larmor frequency. 
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2 to at least carbon 8 as for the lamellar phases, and the actual 
values for Scp are comparable with those found for egg yolk 
and dipalmitoyl phosphatidylcholine**, The important con- 
sequence of these findings is that inferences concerning acyl 
chain conformation and bilayer geometry, and their relation- 
ship to biological function, made previously for the lamellar 
phases*’® apply also to A. Jaidlawii membranes. 

The spectrum for membranes containing 2,2-dideuterio- 
palmitate is considerably different from that for any other 
label position. The unusual shape of the line suggests the pre- 
sence of possibly three overlapping powder doublets. The 
quadrupolar splitting for this position is expected to be very 
sensitive to differences in the initial conformation of the two 
acyl chains?°, and also to differences in the head groups (A. 
laidlawii lipids contain several different head groups). 

The effect of incorporation of cholesterol into A. laidlawii 
membranes was investigated using fully deuterated palmitate 
chains. While this technique was highly successful in probing 
the effect of cholesterol on egg yolk phosphatidylcholine®, 
much less resolution of the NMR signals for individual chain 
positions was obtained for the membranes (see Fig. 3). Never- 
theless, the general shape of the envelope due to numerous 
overlapping powder doublets can provide useful information®. 
The sharp edges of the envelope are characteristic of a system 
having a plateau region in the ordering profile! (Fig. 2). The 
effect of cholesterol is to spread the intensity of the NMR 
spectrum over a wider frequency range. This is consistent 
with the much greater ordering effect of cholesterol on the 
plateau region compared with the methyl end of the chain, 
as found previously for egg yolk phosphatidylcholine®. The 
increase in the quadrupole splitting from 30 to 50 kHz for the 
plateau region with 2:1 lipid:cholesterol ratio is very similar 
to that found for egg phosphatidylcholine®. 

With -the increased sensitivity of contemporary NMR 
techniques and the greater availability of deuterium-labelled 
lipids, H-NMR provides an excellent method to probe the 
fine detail of molecular organisation in a biological membrane 
with a minimum of perturbation or approximation. 

The research at UBC was supported by the National Re- 
search Council of Canada and by a special Killam-Canada 
Council Interdisciplinary Grant. J. H. D. is the holder of a 
NRC Postdoctoral Fellowship. 
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Energy: The Continuing Crisis. By 
Norman Metzger. Pp. 242. (Thomas 
Y. Crowell: New York, 1977.) $12.95. 





As if to anticipate the reviewer, the 
author commences his study by ques- 
tioning the need for yet another book 
on the “energy crisis”. The justification 
lies in his belief that since 1973, energy 
consumers have been lulled into a 
dangerous complacency: new finds of 
fossil fuels are reported daily, and the 
nuclear and non-conventional tech- 
nology lobbies sing in high praise of 
the potential of their systems. This 
appearance of plenty allows consumers 
the luxury of using yet more fuel while 
putting up stern and vocal criticism to 
planning applications for new nuclear 
stations, oil refineries and coal mines. 
Meanwhile, their elected representa- 
tives, whether in the US Congress or in 
the British House of Commons, point 
to the political implications of tough 
conservation measures, especially any 
which might bring about the transition 
of fuel prices to the long-term marginal 
costs of replacements. Thus, the “‘con- 
tinuing crisis’, and the need for 
another book. 

The author adopts the now-common, 
fuel-by-fuel approach in his analysis, 
and focuses on the US situation. He 
points to the steady demise of coal this 
century, and to the massive injection 
of funds now required to raise produc- 
tion by providing new capacity and 
efficient mining, conversion and utilisa- 
tion technologies. He concludes by 
arguing that the scale of the resource 
requirement is such that the vast 
expansion of the coal industry is by no 
means the certainty it seems to be in 
current energy policy planning. 

Critical to his review of the oil sector 
is an analysis of the likelihood of con- 
tinued cohesion of the OPEC cartel (a 
fixation with many American com- 
mentators) The absence of any dis- 
cussion of the role of the state in 
determining alternative depletion poli- 
cies is a weakness here, as in the 
succeeding chapter on natural gas. His 
useful arm’s-length account of the 
“Troubled Youth of Nuclear Power” 
includes an assessment of recent 
American action and reaction in the 
build-up of nuclear generating ca- 
pacity, and a damning indictment of 
the lack of attention to waste disposal 


and storage, and leads him to the whim- 
sical (but incisive) view that “maybe 
the trouble with nuclear reactors is 
that they don’t have belching smoke- 
stacks”. 

Of the unconventional technologies, 
he anticipates that the major contribu- 
tion will come from the fusion, solar 
and geothermal routes, and he high- 
lights the critical uncertainties regard- 
ing the cost, scale and timing of their 
contribution to future energy supplies. 

On balance, the author is to be com- 
mended for his realistic evaluation of 
the many exaggerated claims that have 


been made about both fossil and novel 
energy supplies, and for his sensitive 
analysis of the constraints on change 
imposed by the power and vested in- 
terests of the energy corporations and 
the regulatory functions of the state. 
It is unfortunate that he favours a 
supply—rather than a demand— orien- 
tated approach, thus neglecting con- 
servation policies and technologies and 
that he adopts a relatively short-term 
US-centred view of the world. O 


John Chesshire is a Fellow of the Science 
Policy Research Unit, University of Sussex, 
UK. 





Tracing the history of life 





The Phylogeny of the Vertebrata. By 
Soren Lovtrup. Pp. xii+330. (Wiley: 
London and New York, 1977.) £15; 
$29.50. 


COMPARATIVE BIOLOGY has been revital- 
ised in recent years under the stimulat- 
ing influence of Willi Henning’s Phylo- 
genetic Systematics. No longer can it 
be regarded as the feeble survivor of 
a primitive descriptive phase of biology, 
for it 1s evidently central to evolution- 
ary biology and gives meaning and 
direction to research in fields as diverse 
as embryology, population genetics, bio- 
geography and behaviour. It is based on 
a belief in the objective existence of a 
true path of descent for all living orga- 
nisms which may be reconstructed by 
the empirical testing of well formed 
hypotheses. Nevertheless, despite its al- 
ready long life, comparative biology is 
not yet a mature science with well 
understood philosophical and theoreti- 
cal foundations. Søren Levtrup’s book 
attempts to remedy this defect, using 
the Vertebrata to exemplify his ideas. 

The book opens by setting out its 
Popperian research programme and 
then immediately takes up the “Logic 
of Phylogenetics’. By excluding fossils 
and thereby avoiding argument about 
what is ın any case a practical rather 
than a theoretical difficulty, Lovtrup is 
able to treat classification and phylo- 
geny reconstruction as the same pro- 
cess. Thus, of the two levels of 
taxonomic activity differentiated by 
Gregg—taxonomy proper and method- 


ological taxonomy—L¢vtrup attacks the 
latter. Taxonomy at the higher level is 
a primitive science. As Gregg says, 
“Taxonomists engaged in methodologi- 
cal research are [thus] without ade- 
quate linguistic resources to suppport 
their investigations. They must rely al- 
most entirely upon unsuitable prescien- 
tific idioms borrowed from everyday 
language”. Gregg’s own solution was 
the use of set theory, but this had no 
hope of acceptance in a pre-Hennigian 
intellectual climate that deliberately 
depressed rigour and allowed artifice 
and authority to flourish. Twenty-five 
years later, Lovtrup is in a more 
favourable position, though it is per- 
haps unfortunate that his “language” 
is a series of definitions, axioms and 
theories, rather than the symbolic logic 
of Gregg. 

The heart of Lovtrup’s book com- 
prises two long chapters on the ancestry 
and divergence of vertebrates. These 
are more easily approached than other 
chapters and will no doubt readily 
attract attention because of their 
heterodox conclusions. However, Løv- 
trup has more important things to say 
elsewhere in this book, and as he de- 
viates so disastrously from his professed 
deductive approach, I am disinclined to 
give much weight to his conclusions. 
The last section of the book deals with 
the mechanism of evolution. Compara- 
tive biology has not benefitted greatly 
at a practical level from work in this 
field, and Lovtrup tries to redress the 
balance with an axiomatised version of 
his “comprehensive” theory. This is 
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distinguished by the importance it 
attaches to large step changes and the 
pressure of macromutations, over and 
above natural selection. 

How well has Levtrup succeeded in 
clarifying these important and difficult 
issues? Reluctantly, I must suggest that 
in large measure he has been unsuc- 
cessful, though whether this is due to 
the unsuitability of the methods adopt- 
ed, or to the way these are used, is 
not a question that can be answered 
here. His arguments are based on for- 
mal language but are often illogical 
and imprecisely formulated. He pur- 
ports to follow Popper but his theories 
are often unfalsifiable in principle or 
protected by phrases such as “Other 
things being equal’. Large sections of 
the argument about relationships are 
indistinguishable from induction by 
enumeration and from the search for 
confirmation, as is shown by the re- 
peated use of statements such as, “If 
we want to find support for the classi- 
fication in Figure 4.12, we must look 
for characters in common between 
Caudata and Salientia”. 

The section which purports to con- 
front his theory of vertebrate interre- 
lationships with the facts of the fossil 
record, seems to rely heavily on the 
interpretation of the facts in the light 
of the theory they are said to support. 
Yet even this will not dispose of the 
Placodermi, which are therefore dis- 
missed with an astonishingly vacuous 
quotation from Romer, which is said 
to seem “to be quite a close approxima- 
tion to the truth”. Unfortunately, the 
form of the argument is also impre- 
cisely handled and this hinders com- 
prehension. Some axioms are either 
self-contradictory or ambiguously 
stated, others are stated and then im- 
mediately refuted, and yet others in- 
troduced with an exception that is not 
defined until much later. At least one 
theory is a paraphrase of the definition 
from which it is said partly to be de- 
rived, and another is incompatible with 
the theory from which it is said to be 
deduced. 

These are harsh criticisms of an 
honest attempt to deal in an explicit 
way with a number of difficult prob- 
lems. | share Levtrup’s views on the 
importance of criticism and on the 
seriousness of the failure of many com- 
parative biologists to make their 
assumptions, arguments and conclu- 
sions clear. Therefore, I recommend 
this book, particularly to those involved 
in tracing the history of life. For, 
despite its failures, it is full of challeng- 
ing ideas, and I unreservedly commend 
the attitudes and hopes that motivated 
its writing. R. S. Miles 





R. 8. Miles is Head of the Department of 
Public Services at the British Museum 
(Natural History). 


Ellipsometry 
and polarised light 


Ellipsometry and Polarized Light. By 
R. M. A. Azzam and N. M. Bashara. 
Pp. xvii+529. (North-Holland: New 
York, Amsterdam and Oxford, 1977.) 
Dfl.180; $37.50. 


ELLIPSOMETRY is a technique for exam- 


ining the optical properties of surfaces 
and thin films with polarised electro- 
magnetic radiation. The technique is 
intrinsically very sensitive and decep- 
tively simple in principle. Thus, it can 
readily be explained at a superficial 
level to students with only a minimal 
grasp of optics. Scientists who apply 
ellipsometry to investigate a wide range 
of phenomena, however, are aware of 
the need to take account of many poss- 
ible sources of systematic error and of 
the consequent notorious difficulties in 
interpreting ellipsometric observations, 
The publication of a book of five hun- 
dred pages on ellipsometry will there- 
fore not surprise them. Indeed, 
English-speaking scientists will wel- 
come the first book of its kind written 
in their language by authors with inter- 
national reputations for contributions 
to the development and use of ellip- 
sometry. 

The first two chapters are devoted to 
descriptions of well established and pre- 
dominantly matrix methods of repre- 
senting polarised radiation and the 
operation of optical elements with 
polarising properties. In chapter three 
the authors give an analysis of the main 
ellipsometric arrangements and a well 
ordered discussion of associated sys- 
tematic errors; essentially the core 


Nature Vol. 269 15 September 1977 


material of the book. The procedures 
for relating observable optical func- 
tions to the macroscopic optical con- 
stants of the materials of thin films and 
surfaces are presented in chapter four. 
Much of its contents can be found in 
other texts on thin film optics, but the 
account has been updated by references 
to recent work on anisotropic crystal- 
line materials, as well as by a discussion 
of numerical inversion procedures, An 
account of instrumentation is given in 
chapter five with emphasis on imper- 
fections and automation. In the final 
chapter, the authors provide a necess- 
arily brief survey of the very wide 
range of physical surface investigation 
which has prompted the application of 
ellipsometry. Examples are taken from 
optics, physical chemistry, electro- 
chemistry, particle radiation physics 
and biology. 

The book is well written, with clear 
diagrams and few typographical errors. 
A pleasing feature of style are the 
separate introductions to each chapter, 
which provide the reader with a general 
preview of what is to follow. On the 
other hand, the balance of the material, 
which presumably reflects the authors’ 
particular interests, will not be to the 
taste of some readers. For instance, 
the mathematical representations of 
polarised radiation are treated ex- 
haustively at the expense of explana- 
tions of the underlying physical 
phenomena. A prominent example of 
inadequate emphasis concerns the ulti- 
mate sensitivity of ellipsometers; an 
important matter dismissed in a single 
paragraph. P. H. Lissberger 





P. H. Lissberger is Professor of Physics 
at the Queen’s University, Belfast, Nor- 
thern Ireland. 





Ethological 
dictionary 


Ethological Dictionary. By Armin 
Heymer. Pp. 237. (Paul Parey: Berlin 
and Hamburg, 1977.) DM28. 





A dictionary in three languages 
(German, English, French) such as this 
one is useful to both students and 
research workers if it contains a wide 
enough selection of terms. I carried 
out a quick test by opening a recent 
textbook of animal behaviour at two 
randomly chosen pages. The Dictionary 
scored only a 40% success rate on the 
first ten technical terms encountered. 
Territoriality, echolocation, circadian 
rhythm and orientation were included 
and adequately defined, but habitu- 
ation, phonoresponse, species recogni- 
tion, arousal, sexual selection and 
selective attention were not listed. 


Admittedly this is a small sample, but 
several of the missing terms are very 
common in ethological literature. 

The dictionary does, however, score 
well in including some obscure terms 
with which I was not familiar. “Night 
dancers” are “bees that dance at 
3.22 a.m. with only 12.5° error in the 
waggle dance”, and equally intriguing 
“shag time“ is apparently slang for 
“breeding season in hares and rabbits”. 

In general, the technical terms 
included in the dictionary and the 
way in which they are defined very 
much reflect the Lorenzian school of 
ethology, so that the dictionary might 
prove useful to those wishing to delve 
into the earlier German literature. 
Other users may find the range of 
terms covered too limited for the book 
to be worth buying as an all round 
aid to translation. John Krebs 





John Krebs is Lecturer in Zoology at the 
Edward Grey Institute of Field Ornitho- 
logy, Oxford, UK. 
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Ecological 
stock-taking 


A Nature Conservation Review: The 
Selection of Biological Sites of National 
Importance to Nature Conservation in 
Britain: Edited by D. A; Ratcliffe. Vol. 
1. Pp. xvi+401. £35. Vol. 2. Pp. vili+- 
320. £25. (Cambridge University: 
London, Cambridge and New York, 
1977.) 





Tue many demands made on land in 
Britain are causing a widespread and 
significant reduction in wildlife. The 
purpose of A Nature Conservation 
Review has been to take stock of the 
nation’s species and habitats and to 
identify those sites of national im- 
portance, so that new measures to 
safeguard them shall follow. The work 
was begun by the Nature Conservancy 
in 1965 and involved appraisal of 
several thousand sites. The process and 
its results are now published in two 
volumes, 

Volume 1, which is complete in itself, 
explains the Review’s purpose and 
methods, lists those sites which qualify 
as being of national importance and 
assesses how far their protection would 
ensure the survival of our total variety 





Mammals of 
Pakistan 


The Mammals of Pakistan. By T. J. 
Roberts. Pp. 361. (Ernest Benn: 
London and Tonbridge, 1977.) £35. 





Pakistan lies astride the interface 
between the Palaearctic and Oriental 
faunal regions and, in addition, its 
fauna includes a small element from 
the Ethiopian region. The country is 
a mosaic of diverse habitats from the 
high montane snowlands of the 
Himalaya to the hot deserts east of 
the Indus. These factors are reflected 
in the richness of the mammal fauna, 
which includes over 150 species of 
recent mammals. Recent advances in 
agriculture and the increase in popula- 
tion have led to a rapid decline in 
numbers of the larger species and to 
an increased awareness of the role of 
smaller animals as pests and public 
health problems. An assessment of the 
current distribution and status of the 
mammals of Pakistan is therefore 
timely. 

Tom Roberts has produced a com- 
prehensive account of the mammals of 
the area which will be the standard 
work for years to come. The volume 
begins with two chapters on the zoo- 
geography and habitats, and a chapter 


of flora and fauna. It also provides a 
concise and detailed examination of 
British habitat types and their wildlife; 
this makes fascinating reading and will 
be invaluable for general reference. 

Careful consideration is given to 
possible shortcomings in the Review's 
scope and methodology. This is of more 
than intrinsic value. There is a 
tendency not only in industry but 
amongst- few planning authorities and 
statutory agencies (who should know 
better) -to doubt the Nature Con- 
servancy Councils objectivity. A 
Nature Conservation Review will re- 
assure them. 

Volume 2 comprises descriptions of 
the 735 key sites, outlining the features 
which justify their selection from a 
total of some 3,500 scheduled over the 
years as Sites of Special Scientific 
Interest. Although many of the chosen 
sites contain rare species, good ex- 
amples of typical habitats or wildlife 
communities are also included if the 


continued survival of the type is 
uncertain. 
Obviously, there is room for dis- 


cussion on whether the right sites were 
selected in every case but, accepting 
that new key sites may yet remain to 
be found and that others will change 
in merit, there can be little doubt that 


on the adaptation of mammals to 
desert survival. The remainder of the 
book is devoted to a systematically 
arranged account of the species with 
information on description, distribution, 
status and biology. Keys are provided 
for the identification of each taxon. 
Maps, plates and drawings are used 
extensively to supplement the text. 
Useful appendices on field methods, a 
bibliography and a gazetteer are pro- 
vided, and the book is fully indexed. 

There are some weaknesses in the 
taxonomy which reflect the current 
lack of knowledge of Pakistan mam- 
mals and which cannot be attributed 
to any failure on the part of the 
author. The strength of the book lies 
in the author’s painstaking compila- 
tion of data on distribution and status 
and his first-hand knowledge. of the 
biology of the mammals based on his 
own field experience. The detatled 
treatment of each species surpasses the 
level expected in such a comprehensive 
volume. 

The book should be of great value to 
the increasing number of mammalogists 
involved in agricultural, medical and 
conservation research in the area, as 
well as to the naturalist interested in 
the fauna of Pakistan and neighbouring 
regions. I. R. Bishop 


I. R. Bishop works in the Department of 
Zoology at the British Museum (Natural 
History). 
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the choice is largely correct. A pity 
then that, having taken ten years to 
publish the results of the survey, there 
has been some failure to amend it in 
the light of the greatly increased 
amount of information available in the 
mid-1970s. This is particularly evident 
where references occur to some rare 
birds whose recent status has changed 
notably. 

It is particularly important that A 
Nature Conservation Review is read 
widely outside the nature conservation 
movement. Criticisms of details apart, 
it is a remarkable work which can do 
the NCC’s standing nothing but good. 
It is also a means to an end: protection 
of the key sites must be achieved 
somehow and, as the NCC recognises, 
there is also a need fo pursue more 
general measures for wildlife conserva- 
tion throughout the countryside. At 
least volume one should be seen by all 
concerned with or by the use of land. 
It therefore passes comprehension that 
it has been priced so highly that it may 
fail to reach much of the readership at 
which it is aimed. 

J. H. Andrews 





J. H. Andrews is Head of the Conservation 
Planning Department at the Royal Society 
for the Protection of Birds. 
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Acridologists’ 


vademecum 

Grasshoppers and Locusts. Vol. 2. By 
Boris Uvarov. Pp. 613. (Centre for 
Overseas Pest Research: London, 1977.) 
£16. 


ON retirement, Sir Boris Uvarov under- 


took the preparation of “a synthesis of 
present-day knowledge of the theory 
and practice of acridology”’, and this 
publication sees the eventual fulfilment 
of that task after his death in 1970. 
The first volume covering anatomy, 
physiology, development, phase poly- 
morphism and an introduction to 
taxonomy came out in 1966 (Cam- 
bridge University Press). This second, 
posthumous volume covers behaviour 
(10 chapters) and ecology and bio- 
geography (3). 

The longest single chapter discusses 
the dynamics of grasshopper and locust 
outbreaks and plagues. Only in this 
chapter and an earlier section on swarm 
migrations is the information arranged 
by species; otherwise, it is organised by 
topics and truly comprehensive in 
scope. The book will thus be useful to 
many people who do not see themselves 
as ‘acridologists’ but wish to draw on 
the large store of information available 
from the research on these insects. 
They will not find all they want on any 
one topic within these 600 pages, 270 
text-figures, 95 tables and 24 double- 
column pages of index, but they will get 
the gist of it along with a guide to the 
rest supported by 1,700 references. 

Uvarov’s colleagues Z. Waloff, R. F. 
Chapman and N. D. Jago, who edited 
the text after his death, have added 
supplementary material to his drafts 
but have not attempted to write the 
planned chapters he had not yet 
drafted, on economic aspects and the 
principles of control. Instead, they 
have rounded the book off with what 
amounts to a testament, a late review 
paper of Uvarov’s on ‘Current and 
future problems of acridology’’, which 
sets forth his matured views on popu- 
lation dynamics, control and research 

The book may be fairly described as 
a monument to the author in more 
ways than one. The huge. edifice of 
modern acridology was built on his 
inspiration and drive. The book is also 
very much the man, in its detailed 
attention to the facts, and to gaps in 
them, in its exceptional biological 
span, its scepticism, criticism and pro- 
posals for research, and in its sense of 
continuity between science and prac- 
tice that Uvarov always displayed, not 
least in the unconventional naming of 
his research organisation, the “Anti- 
Locust Research Centre”. As a more 
important illustration of that same 
point, the book incidentally goes some 


way toward rehabilitating Uvarov’s 
original discovery of phase trans- 
formation in locusts as the basis for a 
strategy of concentrating control 
operations on ‘outbreak areas’ where 
the swarming phase is produced from 
non-swarming precursors. Both ideas 
came under a cloud of criticism in the 
1950s and 1960s, not least because it 
turned out that the most notorious 
species, the Desert Locust, was highly 
mobile in both phases and did not 
have just a few, permanent, outbreak 
areas like the others. By the time this 
volume was written, however, enough 
new information had accmulated to 
show that even in this species phase 
change or “gregarisation” is crucial 
in plague development and occurs in 
geographically identifiable areas, 
which are indeed larger and less fixed 
than the outbreak areas of other 
species but still far smaller than the 


Nature Vol. 269 15 September 1977 


vast region subsequently over-run by 
the swarms. 

Uvarov surely went too far in his 
reiterated hope that the outbreak areas 
would one day be deliberately altered 
ecologically for the sole purpose of 
preventing locusts from swarming, 
once and for all. Nevertheless, for the 
more pressing purposes of human 
settlement, the mecessary ecological 
changes have already occurred in some 
regions such as North America, and 
they will doubtless occur in later- 
developing countries in due course. If 
the expected result ts an endemic 
grasshopper problem replacing the 
locust invasions, we are fore-armed 
with this book. J. S. Kennedy 


J. S. Kennedy is External staff member, 
Agricultural Research Council, and Pro- 
fessor of Animal Behaviour at the Imperial 
College of Science and Technology, Uni- 
versity of London, UK. 





Calculating 
electronic structure 


Semiempirical Methods of Electronic 
Structure Calculation. Part A (vol. 7) 
Techniques. Pp. 274. Part B (vol. 8): 
Applications, Pp 274. Edited by G. A. 
Segal. (Plenum: New York and 
London, 1977.) $47.40 each part. 





WitH so many books available on 
molecular orbital theory it is hard to 
imagine many gaps in the literature. 
Nonetheless, with calculations being run 
increasingly by non-professional theor- 
eticians there has been a need for a 
consumer guide to the various alterna- 
tive semiempirical methods. To some 
extent the two volumes edited by 
Segal provide this service. 

Most of the variants of molecular 
orbital techniques are the subjects of 
monographs but here in the first of the 
companion volumes several methods 
are summarised, each in about thirty 
pages. The individual contributors are 
distinguished advocates of the methods 
they describe; in particular the chapters 
on the PCILO and Xa methods will be 
welcomed as providing more convenient 
summartes than those formerly avail- 
able. One would wish, however, that 
for the price the coverage had been 
more comprehensive. Although neglect 
of differential overlap and the methods 
based on this approximation are the 
subject of one chapter, it would have 
been helpful to have a full chapter on 
the MINDO method even if the editor 
(as is clear from his preface) does not 
approve of this variant. 

The tone of part A is serious and the 
theoretical basis for semi-empirical 
theories is discussed in the longest 


chapter by Karl Freed. Many users of 
semi-empirical methods, on the other 
hand, only seek justification in the 
quality of predictions made by their 
calculations. Some of these applications 
are the subjects of the chapters in 
Part B. 

Again, some well known names 
contribute. The topics to which the 
calculations are applied include thermo- 
chemistry; excited states of organic 
molecules; photochemistry; inorganic 
complexes; spin resonance parameters; 
solid-state problems; and electron 
scattering. Any non-specialist with a 
problem in one of these areas would 
be very much helped in choosing the 
most sensible approximation to select 


.and given an honest indication of the 


quality of results he might expect. 

In one respect the two volumes do 
not quite provide the complete con- 
sumer’s guide. Many chemists are not 
controlled by the technique they use but 
by the molecules they are studying. They 
are interested in several properties of 
the same group of molecules, perhaps 
the vibration frequencies, the pKa, the 
conformation and the nmr chemical 
shifts. A question one is often posed is, 
“Which method will answer these 
questions for me?” and at the same 
time “Just how much computer time 
is tikely to be required?”. A complete 
guide for the non-specialist would 
contain a set of ‘benchmark’ problems 
on model systems with the results from 
the various approximations compared 
and timed. Despite this omission the 
volumes will not rest unused on library 
shelves. 

Graham Richards 





Graham Richards is Lecturer in the 
Physical Chemistry Laboratory and 


Fellow of Brasenose College, Oxford, UK. 
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announcements 





On the Move 
Professor F. Buchthal, Institute of 
Neurophysiology, Copenhagen, Den- 


mark, to University Hospital (Rigs- 
hospitalet); Research Building, Copen- 
hagen, from 1 September 1977. 
Professor H. G. Schweiger, Max-Planck 
Institut für Zellbiologie, Wilhelmhaven, 
Germany, to Max-Planck Institut für 
Zellbiologie, Ladenburg, from 1 August 
1977. 

Dr J. Lawrence Fox, Associate Pro- 
fessor ‘of Zoology, University of Texas 
at Austin, to Max-Planck Institut für 
Biochemie, Martinsried, Germany for 
one year sabbatical from 1 September 
1977. 

Dr B. P. Dash, Department of Geo- 
logy, Imperial College of Science and 
Technology, University of London, to 
Chair of Applied Geophysics, Univer- 
sity of Ife, Ife-Ife, Nigeria for two years 
from 1 September 1977. 


Details of changes of department, sabbati- 
cals, where leave will be taken and so on 


should be sent to Qn the Move; there is no 
charge for this service. 





Appointments 


Professor A. Lazenby, to Director of 
the Grassland Research Institute from 
1 August 1977. 

Dr R. J. Slater, to Director of Medical 
Programs for The National Multiple 
Sclerosis Society from 1 July this year. 


Awards 


Drs J. K. Burdett and M. Poliakoff are 
joint recipients of the Meldola Medal, 
awarded by the Royal Institute of 
Chemistry and Society of Maccabaeans 
for their work on laser chemistry and 
chemical effects of light. 

The Actonian Prize of the Royal 
Institution has been awarded to 
Professor R. L. Wain, Professor of 
Agricultural Chemistry at Wye College, 
University of London and Honorary 
Director of the Agricultural Research 
Council Unit on Plant Growth sub- 
stances and Systemic Fungicides, for 
his work on the chemical control of 
plant growth and the chemical basis of 
disease resistance in plants. 

Dr F. Greaves, of the Imperial Cancer 
= Research Fund has been awarded the 
Paul-Martini Prize 1977 (20,000 DM) 
for his work on a new diagnostic 
method for the specific proof of acute 
lymphoblastic leukaemia cells. 








Meetings 

14-16 September, 3rd National. Quan- 
tum Electronics Conference, Southamp- 
ton (G. C. Thomas, Department of 
Electronics, University of Southamp- 
ton, Highfield, Southampton, UK). 
16-17 September, Joint Radiological 
Meeting, Guildford (The British Insti- 
tute of Radiology, 32 Welbeck Street, 
London W1, UK). 

19-23 September, Application of Micro- 
processors, Newcastle (The Institution 
of Electrical Engineers, Savoy Place, 
London WC2, UK). 


Person to Person 


A cooperative programme ‘Species 
Pollution at World Scale’ is trying 
to assess the real situation of the 
problem of introduced species. 
Botanists with experience in floristics 
are kindly requested to send the fol- 
lowing information. (1) Place and 
area surveyed, (2) number of native 
species, (3) number of introduced 
species, including ephemerals and 
(4) a complete bibliographical 
reference for quotation, to E. H. 
Rapoport, Fundación Bariloche, c.c. 
138, Bariloche 8400, Argentina. 
Collaborators will receive the 
printed map. 


Exchange 4-bedroom furnished 
house in Montreal for similar in 
London area July 1978—-August 1979. 
Car also considered. Contact D. 
Denhardt, 4338 West Hill Avenue, 
Montreal, Quebec H4B 259, Canada. 


There will be no charge for this service. 
Send items (not more than 60 words) to 
Marcus Dobbs at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries. We reserve the right to decline 
material submitted. No commercial trans- 
actions. 





21 September, Modern Trends in 
Fluorescence Techniques, Guildford 
(D. Irish, Hon. Secretary, UV Group, 
c/o Pye Unicam Ltd, York Street, 
Cambridge, UK). 

21-23 September, The Safe Use of 
Materials, Nottingham (R. H. 
Biddiulph, Borax Consolidated Ltd, 
Cox Lane, Chessington, UK). 


22 September, Heterotechnologies for 
the Mail Service, London (The Institu- 
tion of Mechanical Engineers, l 
Birdcage Walk, London, UK). 

26 September, Surface Expression of 
Orebodies, Swansea (The Institution of 
Mining and Metallurgy, 44 Portland 
Place, London, UK). 

25-27 September, Conference on Engi- 
neering for Health in Hot Countries, 
Loughborough (R. Steele, University of 
Technology, Loughborough, UK). 

25 September~I1 October, 2nd Inter- 
national Kimberlite Conference, Santa 
Fe, New Mexico (Kimberlite Con- 
ference, Sylvia-K Inc., 5671 Blue Sage 
Drive, Littletown, Colorado 80123). 
26-28 September, International Con- 
ference on Distributed Computer 
Control Systems, Birmingham, UK 
(The Institution of Electrical Engi- 
neers, Savoy Place, London, UK). 
26-28 September, Ist German Solar 
Energy Forum, Hamburg (Congress 
Centrum Hamburg, Am Dammtor, 
PO Box 302360, D-2000 Hamburg 36, 
Germany). 

26-29 September, The Ist BOC Priestly 
Conference on Heterogeneous Oxida- 
tion, Leeds (J. T. Gleave, Special 
Courses Division, Department of Adult 
Education and Extramural Studies, 
University of Leeds, Leeds, UK). 
27-29 September, International Confer- 
ence on Power Electronics—Power 
Semiconductors and their Applications, 
London (The Institution of Electrical 
Engineers, Savoy Place, London WC2, 
UK). 

28 September, Applications of Broad- 
Band Tuneable Lasers, London (The 
Institute of Physics, 47 Belgrave Square, 
London SW1, UK). 

28-30 September, Symposium on Plate- 
lets: A Miultidisciplinary Approach, 
Florence, Fondazione Internationale 
Menarini, Piazza del Carmine, 4-20121 
Milan, Italy). 


Reports and Publications 
Other countries—June 


Annals of the South African Museum. Vol. 72, 
Part 12: The Validity of Malacoraja Stehmann, 1970, 
(Chondrichthyes, Batoidea, Rajidae) and fts Phylo- 
genetic Significance. By P. Alexander Hulley and 
Matthias Stehmann. Pp. 227-237. R.2. Vol. 72, Part 13: 
New Records of Marine Crustacea Isopoda from South 
Africa, By Brian Kensley. Pp. 239-265. R. 2.90. (Cape 
Town: South African Museum, 1977.) [216 

Office des Recherches sur les Pécheries du Canada. 
Rapport Annuel 1976, Pp. 16. (Ottawa: Monistére des 
Pêches et de l'Environnement, Service des Pêches et de 
la Mer, 1976.) 26 

SRI. People at Work: Annual Report 1976, Pp. 32. 
(Menlo Park, California: SRI 1977.) (226 

United States Department of the Interior: Geological 
Survey. Bulletin 1397-B: Mineral Resources of the 
Laramie Peak Study Area, Albany and Converse 


Counties, Wyoming. By Kenneth Segerstrom and cis 


e 
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Robert C. Weisner. Pp, vi+35+plate 1. Water-Supply 
Paper 2044: Modeling Chloride Movement in the 
Alluvial Aquifer at the Rocky Mountain Arsenal, 
Colorado. By Leonard F. Konikow. Pp. v= 43. 
(Washington, DC: US Government Printing Office, 
1977.) (276 
Proceedings of the Nutrition Society of Australia, 
Vol. I: First Annual Conference, Melbourne. Victoria, 
August, 1976. Pp. 41, (Blacktown, NSW: Nutrition 
Society of Australia, Dr. J. L. Black (Hon. Secretary). 
c/o CSIRO, P.O. Box 239, 1977.) [273 
Space—Part of Europe's Environment Pp. 40. (Paris: 
European Space Agency, 8/10 rue Mario Nikis, HTA 
[276 

Deutsche Forschungsgemeinschatt. Bonn-Bad Godes- 
berg. Tatigkeitsbericht 1976. Pp. 360. (lahresbericht 


Band 1). Programme und Project 1976. pp, 832. 
Gahresbericht Band 2) (Bonn-Bad Godesberg: 
Deutsche Forschungsgemeinschafts, 1977.) [286 


World Health Organization. Technical Report Series 
No. 606: The Role of Immune Complexes in Disease: 
Report of a WHO Scientific Group. Pp, 58. (Geneva: 
WHO, London: HMSO, 1977.) Sw. fr. 8; $3.20. {286 

Harvard University: School of Public Health, Dean's 
Report, 1976. Pp. 56. (Boston, Mass.: Harvard 
University, School of Public Health, 1977.) {286 

Smithsonian Contributions to Zoology. No, 221: 
Polychaetes from Intertudal Areas in Panama, with a 
Review of Previous Shallow-Water Records. By Kristian 
Fauchald, Pp. iii +81. (Washington, DC: Smithsonian 
Institution Press, 1977. For sale by US Government 
Printing Office.) 286 

Fish Kills at Lake Lanier Hatchery: Investigations 
and Report of Findings. By W. C. Noell and G. B. 
Oglesby. Pp. iii+123. (Atlanta, Georgia: Department 
of Natural Resources. Environmental Protection 
Division, 270 Washington Street, SW, 1977.) 286 

Smithsonian Contributions to Zoology. No, 238: 
A Systematic Monograph of the Tongue Soles of the 
Genus Cynoglossis Hamilton-Buchanan (Pisces: Cyno- 
glossidae). By A. G. K, Menon. Pp. iv + 129 (21 plates). 
(Washington, DC: Smithsonian Institution Press, 1977. 
For sale by US Government Printing Office.) 296 

European Space Agency. ESA Annual Report 1976. 
Pp. 201. Report presented by the European Space 
Agency to the 20th COSPAR Meeting. Tel Aviv, Isracl. 
June 1977, Pp. 268.) Paris: ESA, 1977.) 306 











Reports and Publications 
UK & Ireland—July 


Fulmer Annual Review, 1976. Pp. 8. Stoke Poges, 
Bucks: Fulmer Research Institute, Ltd., 1977) {17 

Smith Kline and French Foundation. Fourteenth 
Annual Report, 1976. Pp. 8. (Welwyn Garden City, 
Herts.: Smith Kline and French Foundation, 1977.) [47 

University of Oxford. Annual Report of the Curators 
of the Bodleian Library for 1975-76. (Supp. No. 4 to the 
University Gazette.) Pp. 48. (Oxford: The University, 
1977.) £1.75, [47 

Microbiological Research Establishment. Abstracts 
of Work Published in 1976. Pp. 22. (Porton Down, 
Salisbury, Wiltshire: | Microbiological Research 
Establishment, 1977.) {57 

National Radiological Protection Board. NRPB-R&2: 
Human Exposure to Radiation Following the Release 
of Radioactivity from a Reactor Accident-—a Quanti- 
tative Assessment of the Biological Consequences, 
By H. Smith and J. W, Stather. Pp. ii +39, NRPB-R60: 

easurement of Activity of Surfaces Contaminated by 
Beta-emitting Nuclides and 55Fe. By W. J. Hes, P. H. 
Burgess and D. F. White. Pp. 13. (Harwell. Didcot, 


Oxon: National Radiological Protection Board, 
1977.) (37 
Chemical Industries Association, Labeiling 


Chemicals: a Guide to the Regulations for the Labelling 
and Marking of Containers and Vehicles, Pp. 133. 
(London: Chemical industries Association, Ltd.. 
93 Albert Embankment, SEI, 1977.) {87 

Wye College: Department of Hop Research- 
Annual Report from I April 1976 to 31 December 1976. 
(University of London.) Pp. 68. (Nr. Ashford. Kent: 
Wye College, 1977.) 80p, 67 

Tropical Storage Abstracts, No. 1, 1977, Pp. 14, 
(Slough: Tropical Stored Products Centre (Tropical 
Products Institute), London Road, 1977.) {67 

Third Special Report from the Select Committee on 
Science and Technology, Session 1976-77. Pp. ii+2 





(London: HMSO, 1977.) 135p net. 67 
Philosophical Transactions of the Royal Society of 
London. A: Mathematical and Physical Sciences. 


Vol. 286, No. 1334: Turbulence and Mixing in a 
Scottish Loch. By S. A. Thorpe, Pp. 125-181-+ plate 1, 
(London: The Royal Society, 1977.) UK £3.60: 
Overseas £3.80, 67 

Office of Population Censuses and Surveys. Popula- 
tion Trends 8, Summer 1977. Pp. 62. (Government 
Statistical Service.) (London: HMSO, 1977.) £2 net. [77 

An Appraisal of Various Approaches to the 
Fractionation of Tobacco Smoke Condensate. By 
J. K. Whitehead, (Research Paper 13.) Pp. 56. (London: 
Tobacco Research Council, Glen House, Stag Place. 
SW1, 1977.) {77 

Grassland Research institute. Annual Report for 
1976, Pp. xvi-+ 172. (Hurley, Maidenhead, Berkshire: 
The Grassland Research Institute. 1977.) £2.50, [77 

Building Research Establishment. Research Pro- 
gramme 1977-78, Pp. 48. (Garston, Watford: Building 
Research Establishment, Department of the Enviran- 
ment, 1977.) {77 

Freshwater Biological Association. Forty-Fifth 
Annual Report for the year ended 31 March 1977. 
Including Reports of the Council and of the Director, 
and Accounts for 1976-77, with Lists of Officers, 
Council and Staff. Pp. 12844 plates, (Ambleside, 





Cumbria: Freshwater Biological Association, “ 


Scottish Plant Breeding Station. Fifty-Sixth Annual 
Report, April 1976 to March 1977, and the Report of 
the Scottish Society for Research in Plant Breeding. 
Pp, 132. (Pentlandfield, Roslin, Midlothian: Scottish 
Plant Breeding Station, 1977.) {87 

Computer-Based Packages for Teaching Earth 
Science, Report No. 5: Programs in BASIC for Simple 
Correlation and Regression (With Worked Examples). 
By Roger Till (with programs by Sue Waits). Pp, 62. 
(Reading University Geological Reports, No. If.) 
(Reading: Geology Department, The University, age 
75p. 

Natural Environment Research Council: Institute of 
Terrestrial Ecology., Culture Centre of Algae and 
Protozoa-—List of Strains 1976. Pp. ii+ 120. £1 net. 
A Coded Checklist of Animals Occurring in Fresh 
Water in the British Isles. By Dr. P. S, Maitland. 
Pp. 76. £1.50 net. Ecology of Red Deer: a Research 
Review Relevant to Their Management in Scotland. 
By Brian Mitchell, Brian W. Staines and David Welch. 
Pp. vii+ 74, £2 net. Atlas of the Non-Marine Mollusca 
of the British Isles. Edited by M. P. Kerney. Pp. v+ 199. 
£3. (Cambridge: The Institute of Terrestrial Ecology, 
68 Hilis Road, 1976 and 1977.) [87 

Safety Representatives and Safety Committees. 
(Health and Safety at Work.) Pp, 46, (London: Health 
and Safety Commission, 1977. Available from HMSO.) 
35p. {117 

Department of Health and Social Security. Welsh 
Office, Residential Homes for the Elderly: Arrange- 
ments for Health Care. (A Memorandum of Guidance.) 
Pp. 20. (London: DHSS, 1977.) {147 

Ministry of Agriculture, Fisheries and Food: 
Directorate of Fisheries Research. Fisheries Radio- 
biological Laboratory. Technical Report FRL 12: 
Radioactivity in Surface and Coastal Water of the 








British Isles, 1975. By N. T. Mitchell. Pp. 32. 
(Lowestoft: Fisheries Radiobiological Laboratory, 
1977.) 


Queen Mary College, University of London. Annual 
Report, Session 1975-76. Pp. 63. (London: Queen 
Mary College, Mile End Road, El, 1977.) {147 

Royal Greenwich Observatory Bulletins, No. 182: 
The Galaxy and the Local Group. (Tercentenary 
Symposium held at Herstmonceux Castle, 1975, 
July 22-25.) Edited by R. J. Dickens and Joan E, Perry. 
Pp. xi + 293. £7.50 net. Report 1975/76. Pp. 64. £1 net. 
(Herstmonceux: Royal Greenwich Observatory, 1976 
and 1977,) {147 

Council for National Academic Awards. Annual 
Report for 1976, Pp, 71. (London: Council for National 
Academic Awards, 344/354 Gray's Inn Road, WCI, 
1977.) {147 

The Radiochemical Centre, Amersham, Radio- 
chemicals 1977/8. UK edition. Pp. 143. (Amersham: 
The Radiochemicals Centre, 1977.) [147 

Laboratory of the Government Chemist. Report of 
the Government Chemist 1976. Pp. iv + 166 (London: 
HMSO, 1977.) £3 net, {157 

Science Research Council. The Work of the Ruther- 
ford Laboratory, 1976. Edited by Gordon Fraser. 
Compiled by the Laboratory Information Panel. 


Pp, xii + 127. (Chilton, Didcot, Oxon: Science Research 
Council, Rutherford Laboratory, 1977.) [187 
Ministry of Agriculture, Fisheries and Food: 


Directorate of Fisheries Research, Fisheries Radio- 
biological Laboratory Technical Report FRL 12: 
Radioactivity in Surface and Coastal Water of the 
British Isles, 1975. By N. T. Mitchell. Pp. 32. 
(Lowestoft: Fisheries Radiobiological Laboratory, 
1977.) [187 

Chinese Astronomy, Vol. 1, No. 1, June 1977. (A 
selected translation of Acta Astronomica Sinica.) 
Pp. 1-196. Published Bi-Annually. Annual subscription: 
$105. (Oxford and New York: Pergamon Press, 
1977.) [187 

Nuclear Track Detection, Vol. 1, No. 1, 1977. 
Pp. 1-80. Editor-in-Chief: S, A. Durrano. Published 
Quarterly, Annual subscription: $55. (Oxford and 
New York; Pergamon Press, 1977.) {187 

Philosophical Transactions of the Royal Society of 
London: B: Biological Sciences. Vol. 379, No. 969: 
A Physiological, Biochemical and Histological Study 
of Goose Tracheal Mucin and tts Secretion. By 
R. J. Phipps, P. S. Richardson, A, Corfield, J. T. 
Gallagher, P. K. Jeffrey, P, W, Kent and M. Passatore. 
Pp. 513-543 + plates 1-4, (London: The Royal Society, 
1977.) UK £2.90; Overseas £3. {207 

The Royal Scottish Museum Triennial Report, 
1974-76, Pp. 74+ 12 plates. (Edinburgh: The Royal 
Scottish Museum, 1977.) £4 net. (227 

Indexed Bibliography of Publications on Water and 
Waste Engineering for Developing Countries. Edited by 
John Pickford. Pp. $2. (Loughborough: WEDC 
Group, Department of Civil Engineering, University of 
Technology, 1977.) £7. {257 

National Coal Board. Report and Accounts, 1976/77. 
Pp. 76. Statistical Tables, 1976/77. Pp, 12. (London: 
Nationa! Coal Board, 1977.) {257 

Philosophical Transactions of the Royal Society of 
London, A: Mathematical and Physical Sciences. 
Vol. 286, No. 1335: Steep Gravity Waves in Water of 
Arbitrary Uniform Depth, By E. D. -Cokelet. 
Pp. 183-230. (London: The Royal Society, 1977.) 
UK £3.20; Overseas £3.35. (257 

Department of Industry. Industry, Education and 
Management—a Discussion Paper. Pp. ii- 78.(London: 
Department of Industry, I Victoria Street, SWI. 
1977.) {257 

British Nuclear Fuels Limited. Sixth Annual Report 
and Accounts, 1976/1977. Pp. 31, (Risley, Warrington: 
British Nuclear Fuels Limited, 1977.) (267 

Making Success Happen: Enterprise and Change in 
British Chemicals, Pp. 8. (London: Chemical industries 
Association Limited, 93 Albert Embankment, SEL, 
1977.) {267 

Chemical Crosswords: a Learning Aid for Chemistry 





Nature Vol. 269 15 September 1977 


Students. 20 crosswords. By A. G. Hudson and S. Hind. 
(Tettenhall, Wolverhampton: Sigma Technical Press, 
23 Dippons Mill Close, 1977.) £1. (267 

British Gas Corporation, Annual Report and 
Accounts, 1976/1977. Pp. 72. (London: British Gas 
Corporation, 59 Bryanston Street, Wi, 1977.) {267 

The Association of the British Pharmaceutical 
industry. Annual Report, 1976/1977. Pp, 44, (London: 
The Association of the British Pharmaceutical Industry, 
162, Regent Street, WI, 19773) {267 

Proceedings of the Royal Society of London. 
A: Mathematican and Physical Sciences. Vol. 355, 
No, 1683: A Discussion on New Particles and New 
Quantum Numbers. Organized by R, H. Dalitz, FRS, 
B. Richter, B. Wiik and W. T. Toner, Pp.. 441- 
637+ | plate, (London: The Royal Society, 1977.) 
UK £4.85; Overseas £5. {277 

Social Science Research Council, Energy Topics in 
the Social Sciences: a Report to the Research Initiatives 
Board of the Social Science Research Council. 
Pp. 13+ ix. (London: Social Science Research Council, 
t Temple Avenue, EC4, 1977.) 277 

The Macaulay Institute for Soil Research. Annual 
Report for 1975/1976. (No. 46.) Pp. 134. (Craigie- 
buckler, Abderdeen: The Macaulay Institute for Soil 
Research, 1977.) {277 

Memoirs of the Royal Astronomical Society, Vol. 84, 
Part 1: Accurate Position Measurements and Optigal 
Identifications for Radio Sources Selected at 966 MHz. 
By A. M. Cohen, R. W. Porcas, I. W. A. Browne, 
E. J. Daintree and D. Walsh, Pp. 1-44. (Oxford and 
London: Blackwell Scientific Publications, 1977. 
Published for The Royal Astronomical Society.) [287 


Reports and Publications 
Other countries-—July 


Prospective et Santé, No. 1. Revue Trimestrielle. 
Pp. 1-i41. Rédacteur en Chef: Michael Salomon. 
(Paris: Prospective et Santé, 5, rue Clement Marot, 
1977.) {17 

Smithsonian Contributions to Zoology, No. 232: 
The Pierid Butterflies of the Genera Hypsochila Ureta, 
Phulia Herrich-Schaffer, Infraphulia Field, Pierphulia 
Field, and Piercolias Staudinger. By William D. Field 
and José Herrera. Pp. iii+64. (Washington, DC: 
Smithsonian Institution Press, 1977, For sale by 
US Government Printing Office.) (17 

United States Department of the Interior: Geological 
Survey. Professional Paper 880: Geology of the 
Apollo 14 Landing Site in the Fra Mauro Highlands. 
By G. A. Swann, er al. Pp. vii+103+ plates 1-7. 
(Washington, DC: US Government Printing Office, 
1977.) 47 

National Research Council Canada, NRS Associate 
Commitee on Scientific Criteria for Environmental 
Quality. The Effects of Alkali Halides in the Canadian 
Environment. Pp. 171. (Ottawa: National Research 
Council Canada, 1977.) $2. {47 

Geological Survey of Canada. Bulletin 281: Taxo- 
nomy ot Upper Jurassic—Lower Cretaceous Micro- 
plankton from the Richardson Mountains, District of 
Mackenzie, Canada. By W. W. Brideaux. Pp. 89 
(16 plates). (Ottawa: Geological Survey of Canada, 
1977.) $5. 47 
World Armaments: The Nuclear Threat, Pp. 39. 
(Stockholm: Stockholm International Peace Research 
Institute, 1977.) 57 

Development and Evaluation of a Hexokinase/Glu- 
cose-6-Phosphate Dehydrogenase Procedure for Use 
as a National Glucose Reference Method. By Janes W. 
Neese, Patricia Duncan, David Bayse, Mary Robinson, 
Teresa Cooper and Charles Stewart. Pp. vi-+ 147. 
(Adanta: US Department of Health, Education and 
Welfare, Public Health Service, Center for Disease 
Control, Bureau of Laboratories, Clinical Chemistry 
Division, 1976.) {57 

European Organization for Nuclear Research— 
CERN. Annual Report, 1976. Pp. 177. (Geneva: 
CERN, 1977.) (87 

Bulletin of the American Museum of Natural 
History. Vol. 158, Article 5: Stratigraphy and Bio- 
stratigraphy of Late Cenozoic Deposits in Central 
Sioux County, Western Nebraska. By Morris F. 
Skinner, Shirley M. Skinner and Raymond J. Gooris. 
Pp. 263-370. $7.60. Vol. 158, Article 1: A Revision of 
the Spider Genera Herpyllus and Scotophacus (Araneae, 
Gnaphosidae) in North America. By Norman L 
Platnick and Modammad U. Shadab, Pp. 1-44. $2.80. 
(New York: American Museum of Natural History, 
1977.) {67 

Annals of the South African Museum, Vol. 73, 
Part 2: Relationships of the South African Fossil Frog 
Eoxenopoides reuningi (Anura, Pipidae). By Richard 
Estes. Pp. 49-80. R.3. Vol. 73, Part 3: Cretaceous 
Deposits Near Bogenfels, South West Africa. By 
Herbert Christian Klinger. Pp. 81-92. R.1.90. Vol. 73, 
Part 4: Deep-Sea Amphipods from West of Cape Point, 
South Africa, By Charles L. Griffiths. Pp. 93-104. 
R.1.90. Vol. 73, Part 5; The South African Museum's 
Meiring Naude Cruises, Part 3: Hydroida. By N. A. H. 
Millard, Pp. 105-131, R.2.80. Vol. 73, Part 6: The 
South African Museum's Meiring Naude Cruises. 
Part 4: Echinoderms. By Ailsa M, Clark. Pp. 133-147. 
R.2,20. (Cape Town: South African Museum, nt? 


United States Department of the Interior: Geological 
Survey, Professional Paper 1018: Characteristics of 
Thin-Skinned Style of Deformation in the Southern 
Appalachians, and Potential Hydrocarbon Traps. 
By Leonard D. Harris and Robert C. Milki. 
Pp. iv+40+9 plates. (Washington, DC: US Govern- 
ment Printing Office, 1977.) {77 

International Development Research Centre, Ottawa. 
Agriculture, Food and Nutrition Sciences Division: 
The First Five Years, Pp. 48. (Ottawa: International 
Development Research Centre, Box 8500, 1977.) [87 
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Room at the top — for whom? 


Reports on the state of British industry, its use of 
qualified scientists and engineers, the attitude of young 
people towards an industrial career and recipes for 
supposed improvements are now descending on the 
office in such profusion that we can no longer guarantee 
even to collect them from our harassed reception before 
dispatching them, bundled in their thousands, to a 
company warehouse somewhere outside Basingstoke, 
there to be pulped. Two recent arrivals, however, some- 
how crept under the door and so have at least been 
afforded a cursory glance by our jaded editorial staff. 
They are ‘Education, engineers and manufacturing 
industry’, a report to the British Association for the 
Advancement of Science by a small investigating team, 
and. ‘University-industry relations’, the government’s 
reply to some recommendations made by the Common’s 
Select Committee about a year ago. 

At that time, we were critical of several of these 
recommendations, which seemed rather poorly worked 
out, at least in the case of the proposed revival of the 
concept of SISTERS, Special Institutions for Scientific 
and Technological Education and Research, a step in 
the wrong direction of isolating science and technology 
from the broader world. The government’s response is 
equally unenthusiastic, indeed its paper as a whole reads 
like a long succession of “‘we don’t think this is a good 
idea”, “we think this is a good idea and it is already 
happening”, “we think this is a good idea but someone 
else should do something about it”. The someone else 
is, of course, industry. 

But one recommendation commended to industry is 
not so easily shrugged off. The Select Committee had 
said that industry should do something about offering 
attractive salaries and moving qualified personnel in to 
senior management with the ease that it is done in 
Germany, France and the United States or by their 
~ British contemporaries who are lawyers or accountants. 
A good generalised knockabout, but the British Assoc- 
iation report puts it in much clearer perspective. It is 
fairly widely known that on an international com- 
parison, British median salaries are low at the shop floor 
level and get relatively lower the more responsibility is 


assumed. A new survey, released in part to the British 
Association, looks at the way that even these inferior 
salaries discriminate against the scientist and engineer 
in productive industry. Median figures (for October 
1975) for about 22,000 professionals show that at all 
ages accountants and lawyers get paid the most, 
engineers and scientists the least. Even at 25 the 
accountants and lawyers are £1,000 ahead; by 40 
their median is £9,500, that of arts graduates £8,500, 
that of scientists £7,500 whilst engineers are command- 
ing a mere £6,600. 

Maybe the average non-scientist in industry really is 
much smarter and earns his or her differential, but no- 
one yet seems to have said so explicitly. More likely the 
growing differential reflects the expanding opportunities 
open to the non-scientists as time goes on. More oppor- 
tunities mean more rounded employees, soon to be: fit 
for even more opportunities. Less opportunities mean 
more type-casting as narrow minded characters fit only 
for the backroom and the sales department. 

The matter is not so easily laid only at industry’s 
door, however. The government itself employs tens of 
thousands of qualified scientists and engineers. Their 
upward path until the age of 40 is fairly well-defined 
and somewhat better paid than in industry. But there- 
after, stagnation. Ten years ago the Fulton report on 
the Civil Service, recognising the problem, proposed 
an ‘open’ structure at the top of the service to en- 
courage some cross movement among real high fliers. 
In practice this has meant little. Certainly laboratory 
directors are at least nominally in the open structure, 
but when one asks about other scientists and engineers 
who have made the move into more general high level 
management, the same name or two keep cropping up. 
Whether the waste of intelligent human resources would 
be ameliorated by extending the open structure further 
down ‘the service or by making it easier for the 
frustrated to retire earlier, who knows? But at the 
moment the government is in no strong position to 
commend industry to take more scientists and engineers 
into senior management when it shows so little inclina- 
tion to do so itself. 0 
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Refusnik scientists: keeping science alive 





Max Gottesman, from the Laboratory of Molecular Biology 
at the National Cancer Institute at NIH, was one of ten 
Western scientists who attended the special four-day Jubilee 
meeting of the refusnik Sunday Seminar in Moscow earlier 
this year; the seminar dissolved itself for a ‘summer recess’ 
in May following official pressure, and reconvened again 
last Sunday under Viktor Brailovskii. Below, his views of 
the refusniks’ position 





FIVE years ago, the first of the refusnik Sunday Seminars 
on Collective Phenomena met in a Moscow apartment. 
Refusniks, unlike dissidents who wish to change Soviet 
Society, are Jews who wish to leave Russia, usually for 
Israel. In the case of refusnik scientists, visas to emigrate 
are often refused on the grounds that the applicant is in 
possession of “classified information”. Not only is their 
emigration forbidden, but their official scientific life is 
terminated. They are expelled from their laboratories and 
denied library privileges; even their telephones are removed. 
The cut-off is usually very effective: none of Professor 
Benjamin Levich’s colleagues, for example, nor any of the 
students he had trained over the years, spoke to him after 
he applied to emigrate. 

In an attempt to stay alive scientifically, the refusniks 
meet together in someone’s apartment each Sunday after- 
noon to discuss science. These meetings have come to 
attract Western scientists invited to Soviet-sponsored con- 
ferences, and they present papers; sometimes establishment 
Soviet scientists discretely listen to the presentations while 
remaining in the kitchen. But the special Jubilee meeting 
held to mark these five years was also accompanied by the 
constant presence of KGB men stationed outside Dr Mark 
Azbel’s apartment, where the seminar was held. 

They followed the Western scientists wherever we went. 
Usually consisting of four men in a taxi, they made no 
attempt to disguise the fact that we were being followed: 
they were there clearly to intimidate us. One afternoon, a 
truckload of soldiers unloaded below Azbel’s window and 
lounged around several hours before leaving. A parked 
van, left with the motor running and no driver, contained 
the monitoring devices used by the KGB to follow the 
conversations in the apartment. Between the sessions, how- 
ever, matters of a non-scientific nature were discussed, and 
from these talks and exchanges of written notes I obtained 
a picture of the present status of the refusnik scientists. 

How the refusniks manage to survive varies from case 
to case. Some had accumulated savings before applying for 
an exit visa. Of course a long five- or six-year period of 
refusal cannot be prepared for in this way. During refusal, 
they find occasional work, sometimes as manual labourers 
and sometimes as tutors. Unfortunately tutoring positions 
tend to be transitory; a discrete call from the KGB to a 
family employing a refusnik tutor usually has the expected 
effect. 

It is clear that the scientists who have entered into 
refusal have a common motivation: to escape the severe 
and worsening anti-semitism in Russia. The Russians wish 
to exclude Jews from the sciences and other professions. 
At the present time, it is difficult or impossible for a Jewish 
student to enter a first-rate university. An example: the 
medical school in Odessa, a city with a large Jewish popula- 
tion, has not a single Jewish student. Thus many Jews are 
driven to emigrate to assure their children equal educa- 
tional and employment opportunities. Current Soviet anti- 
semitism comes after a long period of relative tolerance. A 
generation of Jews has been assimilated, and the refusniks 
find themselves without an inheritance of Jewish culture. 


They are anxious to regain their heritage—and to learn 
Hebrew—in the face of severe pressure from the authorities. 
It is no accident that the two refusniks currently in prison, 
Joseph Begu and Anatolii Shcharanskii, were the most 
active in disseminating Jewish culture. And yet, in spite of 
the threats, there were several refusniks at the seminar I 
attended wearing Israeli pins in their lapels. 

Why don’t the Soviets just let the refusniks emigrate? In 
fact, some are permitted to go; but the rate is slow, and 
getting slower. The Soviets fear that an easy emigration 
policy will result in Jews as well as other national groups 
demanding, en masse, to emigrate, thus threatening the 
stability of the State. Also, the Jewish scientists have a 
special problem. The justification of the Soviet system is 
‘scientific’; Markist-Leninist analysis of history and econ- 
omics has proved, in a manner as certain as E = mc’, that 
Soviet society is structured correctly. For a scientist to 
desire to emigrate is unthinkable, It should be mentioned 
that the only valid reason for leaving Russia is to rejoin 
one’s family abroad. 

What can be done? In view of the fact that the Soviets 
greatly value scientific contacts with the West, certain 
courses of action are feasible. In particular, international 
meetings and exchanges can be used to help the refusniks. 
Refusnik scientists wish to participate in these open meet- 
ings and could be invited. If such participation is denied by 
the authorities, Western organisers should consider either 
the possibility of moving the meeting from Soviet territory, 
or of limiting Soviet participation in meetings held in the 
West. In the case of the International Genetics Con- 
ference, to be held in Moscow in the summer of 1978, a 
precedent has been set. A prior conference was moved from 
the United States to Canada in the 1950s when the US State 
Department refused to issue visas to certain foreign 
scientists. 

Publicity is essential to keep the refusniks from simply 
disappearing. Official Soviet visitors should be reminded 
that the treatment of refusnik scientists threatens Soviet- 
Western exchange programmes. Since visitors are invariably 
debriefed by the KGB on their return, this is an effective 
means of reaching the Soviet authorities. It should also be 
remembered that the critical decision as to whether a 
refusnik’s work is ‘classified’ is made by his departmental 
superiors, or the chairman of his department. These are 
often the very scientists who are sent to Western con- 
ferences and exchange programmes. 

Finally, it should be stressed that scientists visiting Russia 
are warmly welcomed at the Sunday Seminar, and are doing 
a great service to the refusniks by attending. For addresses 
and other information contact the Committee for Con- 
cerned Scientists, 9 East 40 Street, New York, New 
York, 10016. o 
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Tethering the tide 


T. L. Shaw examines the prospects for 
harnessing tidal energy in the Severn Estuary 


gee with a possible world ruel 
shortage, the UK Department of 
Energy (DEN) is taking stock of 
domestic energy sources. Together with 
industry, it has already provided 
money for scientific and technical 
studies on the contribution four ‘re- 
newable’ sources—wave, solar, geo- 
thermal and wind—could make to 
meeting future demands. It is now 
looking at the part tidal power could 
play. 

The DEN’s recently-released Energy 
Paper number 23, which discusses 
three commissioned reports on harness- 
ing tidal power in the Severn Estuary, 
concludes that although tidal schemes 
are technically feasible, cost and the 
long time estimated for construction 
may rule them out. Nevertheless, 
studies to identify one or more schemes 
for wider appraisal are now being 
seriously considered, 

The tides have the particular ad- 
vantage of far greater energy density 
than the other renewable energy 
sources. In the Severn Estuary, for 
example, tidal energy is thirty times 
denser than power derived from aver- 
age waves on the UK's Atlantic sea- 
board. Individual tidal schemes could 
produce many thousands of mega- 
watts of electricity but, for maximum 
benefit, they would have to be inte- 
grated efficiently with other (essentially 
thermal) generating plant. 

This enormous potential could be 
harnessed by building a dam to 
separate part of the coastal inlet from 
the sea. Turbines that might resemble 
conventional hydro-electric propeller 
machines would be set in fully sub- 
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merged tubes passing through the bar- 
rage. A difference in water level either 
way across the barrage (during flood 
and ebb tide) would create flow through 
these tubes and so an electrical output 
fiom the slowly rotating turbines. 

In the Severn Estuary, the UK has 
perhaps the best site in the world for 
producing electricity from tidal power. 
At least 10% and as much as 20% of 
the UK’s present electrical needs could 
be met from a barrage either within 
the estuary (10%) or seaward in the 
Bristol Channel (20%). These percent- 
ages are comparable with those cur- 
rently supplied by nuclear installations 
and oil and gas-fired stations re- 
spectively. 

But this is not simply a case of one 
electrical source competing against 
another. Each has characteristics 
which influence its most efficient hence 
preferred use: nuclear stations, for 
example, should run continuously, 
whereas gas turbines are best run in 
short bursts at times of high demand. 
The output of aerogenerators is 
fairly regular over a period of hours 
and maybe days while that of wave 
generators may be consistent on an 
even longer scale. Tidal output suffers 
from being intermittent but it is 
accurately predictable. There is no 
reason, however, why each source, 
provided that it can be commercially 
developed with respect to its operating 
value, should not contribute to the 
total generating network. 


Recent studies 

Last year the DEN commissioned two 
investigations into aspects of the 
Severn barrage. The questions the in- 
vestigations set out to answer were: is 
construction and closure of a barrage 
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technically feasible? how long would 
it take to build? what would be the 
likely cost? and what would be the 
effect of the barrage and its operation 
on tidal range? They were issued re- 
spectively to the Netherlands Engin- 
eering Consultants Foundation 
(NEDECO), which has great knowl- 
edge in maritime affairs especially 
coastal protection, and to the UK 
Department of the Environment’s 
Hydraulics Research Station (HRS), 
which, since it was established some 
30 years ago, has worked extensively 
on coastal hydraulics. 

For their studies both NEDECO and 
HRS chose to consider barrages in 
positions between Cardiff and Weston- 
super-Mare, where 10% of the UK’s 
present electrical demand could be 
produced. Most attention was paid to 
proposals by Professor Eric Wilson of 
Salford University (the simple single- 
basin, tide-related scheme) and myself 
(the more complex two-basin arrange- 
ment providing storage and giving 
power by day as required. Summaries 
of each study are as follows. 


NEDECO 


In the absence of adequate field data, 
NEDECO was obliged to make a num- 
ber of assumptions about hydro- 
dynamic conditions at the chosen bar- 
rage site, in particular data describing 
wave climate. The serious lack of 
adequate geological and sedimentolo- 
gical information was met by surveys 
carried out by the UK Institute of 
Geological Sciences. It identified 
exposed limestones and marls over a 
much greater proportion of this part of 
the estuary than the previous scant 
scientific data had suggested. Localised 
fine deposits, mainly sand and shingle 
are thought to be shallow, implying a 
firm foundation throughout for a 
barrage. 

Based on “the impressive experience 
obtained in the planning and execu- 
tion of the Delta Works (in Holland) 
together with the immense increase in 
know-how and expertise of recent years 
in the offshore industry,” NEDECO 
is optimistic that civil engineering 
aspects of the barrage could be car- 
ried out satisfactorily, though it 
appears to have underestimated the 
magnitude of the challenge successfully 
met by British industry of placing con- 
crete caissons in 150m of water in 
the remote and exposed North Sea, 
compared with the task of siting cor- 
respondingly much smaller units in no 
more than 30m of sheltered water in 
the Severn Estuary. 

But the siting of caissons for the 
barrage raises some problems not met 
in the North Sea, in particular the 
strong currents that accompany the 
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high tides. The positioning and sinking 
of caissons in currents exceeding 3 
metres per second could prove hazard- 
ous, but given proper planning they 
could be placed during slack water 
‘windows’ which occur frequently and 
predictably. 

Doubts also exist on the accuracy of 
NEDECO’s estimates of extreme wave 
heights at the chosen barrage site. Un- 
fortunately those local measurements 
that have been made are for such 
short periods that the validity of 
statistical extrapolation is questionable. 
Another factor is the apparently 
sheltered position of the barrage com- 
pared with that of the one long- 
established wave recorder 100 km sea- 
wards. In the absence of other 
evidence, however, NEDECO’s esti- 
mates cannot yet be dismissed. 

Extra cost, NEDECO claims, will 
have to be incurred in building off- 
shore-dykes to protect the turbines in 
the single-basin barrage from direct 
wave attack. If a two-basin scheme is 
adopted, however, the problem need 
not arise: the second basin would 
essentially serve the purpose of off- 
shore dykes. 

NEDECO estimates that the civil 
engineering task alone for the two- 
basin scheme will require four years of 
preliminary study and 16 years to 
build. This could be taken as sufficient 
to rule out the scheme on economic 
grounds. But it does agree that the 
timescale could be shortened, though 
with an increase in capital cost. By 
contrast, the UK construction industry 
feels that a timescale of about eight 
years, similar to that of most thermal 
plant, is realistic. 

An alternative to help save on 
interest charges, would be to secure 
some energy from the scheme long 
before completion, increasing it as the 
scheme advances. The full output 
capacity of the scheme then would not 
be suddenly available to the network, 
and would permit efficient integra- 
tion. Hence 16 years may not be un- 
reasonable, though the various 
electrical merits of phased construc- 
tion of a barrage are not yet clear; 
studies well advanced at the University 
of Bristol, funded by the Science 
Research Council, are exploring the 
possibilities. The concept of a two- 
basin barrage scheme developed first to 
operate in the ‘single-basin’ mode, as 
discussed earlier, may make good 
sense. NEDECO’s study did not con- 
sider phased integration. 


Hydraulics research station 

The general lack of field data also 
made it difficult for HRS to define its 
problems, especially the seaward 
boundary conditions for its study’s 
two-dimensional mathematical model. 


Coastal and offshore tide modelling has 
moved a long way forward in the past 
five years, since it was recognised that 
local boundary changes can have effects 
at a considerable distance depend- 
ing on their extent and the local tidal 
behaviour. Although earlier models, in- 
cluding that used by NEDECO, as- 
sumed that conditions at the seaward 
end of the Bristol Channel would not 
be unchanged by a barrage, HRS in- 
cluded the Celtic and Irish Seas in its 
model. 

It is perhaps unfortunate that the 
‘large area’ model of HRS predicts 
that the barrage will marginally 
amplify the tides whereas ‘small area’ 
models suggest the opposite. The right 
answer must be found, not least 
because, as matters now stand, the 
accuracy of both is under question. 

But these doubts hide two aspects of 
the work of HRS. First, that it is some- 
thing of a pioneering exercise in its 
own right and deserves recognition as 
such even if deficiencies later emerge. 
Secondly, an increase or decrease of 
tidal amplitude by up to 1 metre or so 
is sufficiently small in real terms to 
conclude at this stage that a barrage 
operating in the region Cardiff-Weston 
will not destroy the natural energy it 
is designed to harness. Although ıt 
must be a matter of some urgency to 
resolve why different mathematical 
models give different answers, and in 
particular to produce a model giving 
the right answers, it would only be 
wasteful to repeat these studies without 
knowing where the barrage might be 
sited, and understanding pump and 
turbine operation and induced oscilla- 
tions (seiches) in the enclosed basin(s). 

When reporting ‘The situation in 
1975’, Energy Paper number 23 
quotes that the Secretary of State’s 
Advisory Council on Research and 
Development for Fuel and Power 
(ACORD) and the DEN came to 
the opinion that “in view of the un- 
certainties surrounding some of the 
aspects of the studies (of the barrage, 
as previously carried out by others), 
a more vigorous examination should 
be undertaken of certain key technical 
questions in order to clarify the situa- 
tion further”. 

Of the three questions posed, the 
work of NEDECO and HRS should 
have answered two to the satisfaction 
of ACORD and the DEN. I hope that 
the third, namely “what would be the 


environmental consequences, and 
could they be quantified in cost 
terms?”, will also be answered in 


similarly sufficient detail by the book 
An Environmental Appraisal of the 
Severn Barrage (second edition). 

The next step is aptly stated by 
NEDECO: “The chance exists that 
we could contribute towards the 
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@The future for tidal energy in 
Britain has at last been clarified. There 
have been strong calls for further 
studies by the House of Commons 
Select Committee on Science and 
Technology in its fourth report pub- 
lished last week and at the Secretary 
of State for Energy’s ‘Forum on the 
Severn Barrage’, held in Bristol the 
week before. 

Although the potential of the tides 
and the consequences of a barrage are 
fairly well understood, gaps in knowl- 
edge remain. The Select Committee, 
which has come out in support of 
tidal energy ahead of the other 
renewable sources, proposes that an 
independent Severn Barrage Committee, 
composed of technical, financial and 
administrative experts, be set up to 
assess Severn Barrage schemes and 
deliver a studied opinion to the 
Secretary of State. It highlights the 
unresolved problems of choosing a 
barrage location and method of 
operation and suggests that other 
studies should also be done. Outline 
costings, provisional construction 
methods and timescales should be 
. to 


sought by a “fairly early date . . 


command general agreement”. 

The Secretary of State’s ‘Forum’ 
provided the DEN with first-hand 
evidence on most of the many relevant 
topics, for example energy cost/benefit 
estimates, environmental consequences 
and the widespread employment, 
industrial, commercial and recreational 
merits of the project. Though opposi- 
tion was scarcely evident, many 
speakers were cautious because so 
much remains unclear. Summing up 
Mr Benn, the Secretary of State, said 
that all relevant interests must 
represented in the next important phase 
of project definition and that a staged 
approach allowing for reappraisal of 
points was essential. (The case for a 
pilot installation has wide support.) 

While the DEN may not altogether 
deserve the Select Committee’s criti- 
cism of being “excessively timid” 
about tidal energy, its scale of research 
funding must increase 100-fold if 
these unified calls for action are to be 
answered. The national benefits at 
stake ought to make it easy for a 
cabinet to persuade the government to 
provide the still-modest sum now 
needed. 





creation of a very clean type of energy 
production, the value of which can 
only increase because of its increasing 
scarcity on a worldwide scale”. British 
industry is ready to contribute to- 
wards these investigations. 

The capital cost estimate of up to 
£4,000 million quoted in Energy Paper 
number 23 might imply an expensive 
power station, but current unit costs 
for other plant tend to refute this. 
However, simple comparisons are 
dangerous when like objects are not 
being equated. It is much better that 
the next phase of study of the barrage 
should be carried out to identify its 
real electrical (and other) benefits 
before economic judgments are 
reached. A comprehensive but ob- 
jective programme for the next 18 
months is needed. O 
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Second chance 


Last week, Europe's Orbital Test 
Satellite was destroyed shortly after 
launch. Judy Redfearn reports 








Evrore’s hope for a sophisticated 
system of communications satellites by 
the early 1980s might well have gone 
up in a cloud of smoke with the 
European Space Agency’s (ESA) 
Orbital Test Satellite (OTS) last week, 
had it not been for ESA’s foresight. 
In the wake of two mishaps by NASA 
earlier this year—its failure to launch 
Geos into the correct geostationary 
orbit and an accident with a Delta 
launcher which meant that OTS could 
not be launched in June as planned— 
ESA made sure that it went ahead with 
a.plan to take out insurance cover for 
the launch of OTS and the integration 
of a second flight model. The insurance, 
to the tune of $29 million at a premium 
of about $2 million, was placed by 
Bowring of London throughout all the 
countries taking part in the project in 
proportion to their financial commit- 
ment to it. 

As fate would have it, ESA’s pre- 
caution was extremely wise. Seven 
miles above Cape Canaveral’s main 
launch pad and only 54s after a 
seemingly perfect launch, the Delta 
3914 carrying OTS began to dis- 
integrate and exploded just prior 
to a signal of destruction. The 
insurance cover, however, gives Europe 


BRITAIN 


another chance. As with all satellite 
missions, ESA built a second OTS 
identical to the first which could be 
ready for launch by next March. This 
means that the OTS test and experi- 
mental programme could still be com- 
pressed to be completed within the 
original time. 

A second chance is particularly 
important for the OTS because, unlike 
Geos, it has considerable commercial 
potential. It is Europe’s first com- 
munications satellite and is the fore- 
runner of four similar satellites which 
are planned for launch by Ariane, 
Europe’s own launcher which is still 
being developed, between 1981 and 
1990. They will carry a large part of 
intra-European telephone, telegraph 
and telex traffic and will relay Euro- 
pean television programmes. The OTS’s 
task is to test much of the equipment 
which will be used on the operational 
satellites and to provide a pre-opera- 
tional European traffic capacity. 

The decision on whether or not to 
go ahead with the second OTS launch 
early next year will probably be taken 
by ESA officials this week. As the only 
launcher available to do the job is the 
American Delta 3914, they are probably 
hoping for some assurance from the 
Americans that a similar accident is 
extremely unlikely to happen again. 
Although the success rate of Delta 
launchers is very good—134 have been 
launched since 1966, 122 of them 
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successfully—-the history of the Delta 
3914 is not so happy. Three of 
them have been launched and the OTS 
marks the first failure: but the 
launcher which was damaged in May 
this year and caused a three-month 
delay to the OTS programme was also 
a 3914. In that case, one of the booster 
rockets fell off the main Delta vehicle 
because of a defective bolt. 

Late last week, NASA set up a seven 
member team of inquiry to look into 
the incident. It hopes to find out 
whether or not the fault lay in the 
basic Delta vehicle or the attached 
rockets before 13 October, the 
planned launch date of the Inter- 
national Sun-Earth Explorer (ISEE) in 
which ESA has a large interest. If the 
fault is found in the Delta 3914’s 
strap-on rockets then it should be safe 
for the ISEE to go ahead as planned 
as the Delta 2914, on which it will be 
launched, uses a different rocket 
configuration. 

Until late 1980 when the Ariane 
launcher is ready for use, ESA will 
have to launch its satellites on US 
vehicles. By the early 1980s, however, 
there may be another option if a 
West German company, Orbital Trans- 
port-und Raketen-Aktiengesellschaft 
(OTRAG), is successful in developing 
its own heavy launch vehicle. So far, 
it has spent $30 million on the project 
and hopes by 1981 to be launching 
satellites from Zaire. ESA will not 
discuss the possibilty of using OTRAG 
launchers until it knows whether they, 
and Ariane, will work. a 





Timely delay 


The Council for Science and Society 
has recently published a report called 
The Acceptability: of Risks. Alastair 
Hay reports 








In spite of a 12-month delay, the 
Council for Science’ and Society’s 
report, The Acceptability of Risks* 
published last week ‘has arrived at an 
opportune moment: the exlosion at 
Flixborough, and the release of tetra- 
chlorodibenzo-p-dioxin at Séveso are 
recent memories, and the public 
enquiry at Windscale is still in progress. 
Its findings and recommendations will 
certainly provoke heated debate. 

«Risks, it claims, are very unevenly 
distributed; those in the UK at greatest 
tisk are “concentrated in the homes, 
*The Acceptability of Risk is available 
from Barry Rose (Publishers) Limited, 
Little London, Chichester, Sussex, £5.00. 





communities and workplaces of manual 
workers and their families”. In a harsh 
message, the report states that positive 
action to remove this inequality is 
urgently needed, and that it regrets that 
“hazards of all sorts have been shame- 
fully neglected in scientific and techno- 
logical research”. 

The report also points out the 
potential danger of regulatory agencies 
being weakened and rendered ineffec- 
tive by financial constraints and in- 
appropriate standards. Indiscriminate 
use of the terms ‘safe’ and ‘acceptable’ 
are to be avoided, it says, as both are 
ambiguous and subject to a wide range 
of individual interpretation. 

Appendices deal with specific issues 
such as nuclear radiation, ammunition 
and explosives, the hazards of asbestos, 
and the Flixborough Court of Enquiry. 
In a disturbing commentary on the 
conduct of the Flixborough court 
investigation, one of the authors of the 


report, Brigadier R. L. Allen, claims 
that the enquiry was too narrow; that 
some relevant evidence was not con- 
sidered; and that statements by the 
court to the effect that “Nypro 
[owners of the Flixborough plant] 
were safety conscious” were inappro- 
priate in the light of the evidence 
presented. He says that this is illus- 
trated by Nypro’s breach of licensing 
arrangements when it stored 43 times 
more inflammable fluid on site than it 
was entitled to do: a fact which 
severely hindered rescue operations 
after the initial explosion. 

In conclusion, the report recom- 
mends areas of investigation to be con- 
sidered by working groups and which 
could provide useful information for 
‘risk management’ in the future. Also 
suggested is the possibility of the 
appointment of ‘risk advisers’ in 
particular occupations and localities. 

A few of the abuses the report refers 
to have been dealt with during its 
delay at the printers. Few will consider 
this more than a minor fault. Cl 
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VSA se ce 
Battling against the inevitable 





Years of hitherto unsuccessful effort in 
the US Congress have culminated in 
a bill providing for an increase in 
research on earthquakes. Chris Sherwell 
reports from Washington 





DEVELOPMENTS now reaching a climax 
in Washington may not do for earth- 
quake research what previous much- 
publicised efforts did for space and 
cancer research, but the comparison 
may not be entirely inappropriate. The 
fanfares may be absent and the vistas 
uncertain, but an agreed commitment 
in principle which also has legislative 
form now promises a long-awaited 
boost for work in an exciting area and 
marks an important move from disaster 
relief to disaster prevention. 

The latest step along the tortuous 
path to a comprehensive coordinated 
programme to reduce the hazards posed 
by earthquakes came last week when 
the House of Representatives approved 
by a margin of 229 votes to 125 an 
authorisation bill on which two House 
committees had reported. The bill was 
due to go back to the Senate late last 
week for consideration of the minor 
differences from the Senate version 


passed earlier this year, and was ex- 
pected to find its way to President 
Carter’s desk for signature shortly 
thereafter. 

The bill, which when enacted will be 
known as the Earthquake Hazards 
Reduction Act of 1977, is designed to 
reduce the risks to life and property 
of future earthquakes in the United 
States. The logic underlying it is simple: 
earthquakes are inevitable, and popula- 
tion increases and urbanisation enhance 
the dangers they pose. To minimise 
both the risks and potential losses, a 
coordinated programme to increase 
research and to help apply its findings 
and generally improve the readiness of 
vulnerable areas for emergencies is 
necessary. The bill creates a $215- 
million three-year federal programme 
to do just that. 

Though expenditure is scheduled to 
begin at the start of the coming 
financial year (fiscal year 1978) begin- 
ning on 1 October, the money must 
still be appropriated in a separate 
process. In the meantime the agencies 
slated to use it must rely on appropri- 
ations already granted them for that 
period. The two major agencies 
involved—the National Science Foun- 
dation (NSF) and the US Geological 


No long encounter with Halley’s Comet 


THE National Aeronautics and Space 
Administration (NASA) has re- 
luctantly abandoned an ambitious and 
expensive plan to conduct a close- 
range study of Halley’s Comet as it 
swings around the Sun in 1986. The 
plan would have entailed launching a 
spacecraft in 1982 on a complicated 
journey, culminating in an extended 
rendezvous with the comet three and 
a half years later. 

According to NASA officials, 
development of the spacecraft to- 
gether with a new propulsion system 
to manoeuvre it into Halley’s orbit 
would have cost $500-600 million. In 
particular, considerable outlays would 
have been needed in the next two 
years to make the 1982 launch date, 
and NASA simply doesn’t have 
enough money in its budget. 

Consequently, the agency has been 
forced to drop the idea of paying an 
extensive visit to Halley’s Comet, and 
it is now looking into less expensive 
plans to launch a spacecraft to make 
a brief encounter with the comet 
soon after it emerges from behind 
the Sun. In addition, NASA is con- 


sidering the possibility of developing 
a spacecraft to make a lengthy 
visit to the comet Encke in 1987. 

The decision to forego the chance of 
a long encounter with Halley’s Comet 
will be a major disappointment to 
many space scientists. Comets have 
recently come under serious study 
because they may provide some clues 
to the origins of the universe. 
According to one widely-held theory, 
they are like giant dusty snowballs, 
made of condensed matter from out- 
side the solar system. As they swing 
past the sun, heat vaporises material 
from the comet’s nucleus, which then 
forms the so-called tail. 

A trip to Halley’s Comet, culminat- 
ing in an extensive visit, would have 
been a difficult proposition, however. 
The chief problem is that the comet 
orbits the Sun every 76 years in the 
opposite direction from the Earth, 
and a complicated series of man- 
oeuvres would be required to bring 
a spacecraft to the same path and 
speed as the comet. 

For the past year, NASA has been 
looking into two propulsion systems 


Survey (USGS)—expect to feel the 
improvement over recent years quite 
soon, however, because the appropria- 
tions already granted are based largely 
on the same formulation used in 
drawing up the bill. 

That formulation was contained in 
a report of a joint advisory committee 
chaired by Dr Nathan Newmark and 
published a year ago. Entitled Earth- 
quake Prediction and Hazard Mitiga- 
tion: Options for USGS and NSF 
programs, the report outlined low, 
intermediate and high levels of support 
for earthquake reseach, all of which 
were higher than funding levels in past 
years. The intermediate level, which 
President Ford used in his proposed 
budget for fiscal year 1978 and which 
President Carter retained in his 
revisions, provided for expenditure of 
nearly $54 million, an increase from 
$224 million the previous year. This 
was split approximately 52 : 48 between 
NSF and USGS (in favour of NSF). 
Under the bill passed by the House, 
some $55 million would be split 50 : 50. 

Going by the breakdowns given in 
the Newmark Report, the two agencies 
would each spend about 10% of their 
1978 allocations on fundamental 
studies of the causes and mechanisms 
of earthquakes. NSF does not expect 
to see any great difference in this area, 
but on the engineering front, which 


which could provide the required 
manoeuvres. The first, a so-called 
solar sail, would have consisted of an 
immense plastic sheet, deployed from 
the spacecraft on booms, which 
would act like a sail in the solar 
photon stream. The second idea, an 
ion drive system, would involve the 
ionisation of mercury vapour, which 
would then stream out of the back of 
the spacecraft to provide thrust. Last 
week, NASA announced that it has 
chosen the ion drive system which 
will be developed for a possible 
mission to visit Encke in 1987 and 
which will also be used to power 
future interplanetary probes. 

Though the plan to rendezvous with 
Halley’s comet has been abandoned, 
NASA may still launch a spacecraft 
in 1985 to fly close to the comet and 
pass through its tail. Such a mission 
would not require a special propul- 
sion system because complicated. 
manoeuvres will not be required to 
match orbits. It would consequently 
be much cheaper, but the scientific 
benefits would also be much less. 

Colin Nerman 
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would take some 60° of the NSF 
allocation, research funding will almost 
double in the coming year. This effort 
will focus on the design, planning, 
construction and use of various man- 
made works to resist earthquakes. 
Another 20% of NSF funds would 
probably go to related socio-economic 
and policy areas. 

On the same basis, USGS is likely 
to devote about half its allocation to 
the development of methods to predict 
the time, place and magnitude of 
future earthquakes. Another 35% or 
so would go on assessing earthquake 
hazards, while a small amount would 
be spent on studies of artificial earth- 
quake inducement. 

As for fiscal years 1979 and 1980, 
the 50:50 split between the two 
agencies would continue for budgets 
totalling $70 million and $80 million; 
the breakdown could be expected to 
follow broadly the same pattern. If 
the patterns of spending are predict- 
able, however, the scientific results are 
not. Recent scientific progress in the 
field has probably assisted the bill's 
passage; reliable earthquake prediction 
seems more likely than ever before. 

Of equal importance for the bill, 
however-—apart from an unsubstanti- 
ated sense that more earthquakes than 
usual have struck in recent years— 
was the support given by the Carter 
Administration, notably by the Office 
of Science and Technology Policy in 
the White House, which is headed by 
the President’s science adviser, Frank 
Press, himself a geophysicist. Indeed, 
the bill reflects many of the Admini- 
stration’s preferences. When it came 
out of the House Interior and Insular 
Affairs Committee, under which USGS 
falls, the important difference from the 
bill it received from the House Science 
and Technology Committee, and which 
put it in line with the Senate version, 
was that it contained no specific 
institutional proposals. The bill it 
received had suggested an Office of 
Earthquakes Hazards Reduction, a 
National Advisory Committee, and an 


Earthquake Prediction Evaluation 
Board. 
Given the President’s desire for 


flexibility while pursuing plans for 
government re-organisation, these 
suggestions were premature. Accom- 
modatingly, the bill thus provides 
simply for designation of a “lead 
agency”, and the usual establishment 
by the President of roles and goals. 
On Capitol Hill not all reactions 





Colin Norman leaves Nature this week 
to. go to the Worldwatch Institute in 
Washington. He has been our Washing- 
toti correspondent for about six years, 
having previously worked in the London 
office. With his departure the journal 
loses a distinguished observer of the 
scientific scene. 


Controlling technology flow 


QUESTION; how does a technologic- 
ally and militarily sophisticated super- 
power, which is committed to free 
trade principles, contain the contri- 
bution that its much sought-after 
exports might make to the military 
capability of potential adversaries? 
Answer: its a problem. The latest 
round in a recurring debate in the 
United States on the matter came 
immediately before the Labor Day 
weekend at the end of August, when 
the Secretary for Defense, Harold 
Brown suddenly released a five-page 
memorandum sent to various officials 
in defence-related agencies. 

Cast as an interim policy statement 
on controls over the export of US 
technology, the memorandum draws 
on the recommendations from the 
Defense Science Board Task Force, 
published last year as the so-called 
Bucy Report (see Nature, 15 April 
1976. This indicated that controls 


over the flow of strategic or “‘critical’’ 
technology to Communist countries 
had broken down in recent years, and 


the United States 
the list of relevant 
technologies and apply sanctions 
where they were unwarrantedly 
passed on, directly or otherwise. 

The “interim internal guidance” 
which the Brown memorandum pro- 
vides for the Department of Defense 
(DOD) covers exports both to allies 
and to potential adversaries. It says 
DOD will support the transfer of 
critical technology to countries with 
which the US has a major security 
interest where this can strengthen 
collective security, contribute to 
NATO standardisation and enhance 
the return on R&D. But with both 
allies and other non-Communist 
countries, DOD will also assess the 
recipient’s “intent and ability to 
prevent either the compromise or the 
unauthorised re-export of that tech- 
nology”, relying on the intelligence 
and security communities to help dis- 
cover any breaches. Violations would 
result in sanctions, 

Regarding exports to potential 
adversaries, a “presumption for re- 
commending disapproval” will operate 
where these involve a revolutionary 
advance in  defence-related tech- 
nology. But where they involve end 


suggested that 
should refine 


were positive. Senator Alan Cranston 
of California, who has sought earth- 
quake legislation for five years, 
naturally welcomed passage of the bill 
as a “historic step”; last year he saw 
his own bill, already passed by the 
Senate, die in the House at the end of 


products not of strategic importance 
or with virtually unextractable valu- 
able technology, DOD will normally 
recommend approval. Either way, the 
key consideration would be the reci- 
pient’s military capability. 

According to the memorandum, 
the Department of Defense will be 
asking the Commerce Department to 
change present regulations so that ex- 
ports of critical technology to all 
countries would require a valid 
licence; DOD will also recommend a: 
streamlining of application procedures 
to minimise delays. In addition, DOD 
will suggest that the State Depart- 
ment negotiate new measures to 
control the flow of technology to 
Communist countries with the Con- 
sultative Group Coordinating Com- 
mittee (COCOM), which is a group of 
NATO countries and Japan. 

The primary objective in all this, 
of course, is to protect US lead times 
in the application of technology to 
military capabilities. The hope is that 
this will be more readily achieved 
through an emphasis on technology 
rather than end products, and by 
having the policy cover all countries 
using faster procedures. The provision 
allowing for DOD “recommendation” 
will help here; so too will the plan 
to maintain a continuously updated 
list of critical technologies. No indi- 
cation was available, however, 
regarding the timetable for a fully 
national policy; that will bring in 
other government departments. 

In the meantime, one minor worry 
remains. A covering letter to the 
Bucy Report described, as potentially 
an “area of concern’’, the scientific 
exchange agreements under which 
scientists move between the USA and 
the Soviet Union. The Brown 
memorandum does not take this 
matter up in any real detail, but says 
that when the potential for ‘“‘in- 
advertent transfer’ is high, DOD 
will recommend restrictions “on the 
amount, extent or kind of inter- 
personal exchange”. Such exchanges 
are already subject to certain pro- 
cedures and regulations, however, and 
the Head of the Exchanges Office at 
the State Department says the 
memorandum implies no changes. 

Chris Sherwell 





the session. But in the House a Mary- 
land Republican was more caustic: a 
Congress which could not detect an 
inflationary impact in spending a 
quarter of a billion dollars, he sug- 
gested, “could not possibly detect an 
earthquake”. g 
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PAKISTAN 





Voice for science 





Academics and industrialists have been 
discussing the role of R&D in Pakistan. 
Azim Kidwai reports 





PAKISTAN has remained in a state of 
political flux since the general election 
last March when Mr Zulfiqar Ali 
Bhutto’s Peoples’ Party won a doubtful 
victory. The army takeover and the 
introduction of martial law in early 
July has also had its sobering effects; 
but in the face of this and the prospect 
of another, perhaps emotional, election 
next October, Pakistan’s R&D effort 
seems unusually resilient. 

This is reflected in the fact that the 
consensus reached by important repre- 
sentatives from education, science, 
technology and industry at the National 
Seminar on Cooperation between 
Universities, Research Institutes and 
Industry, recently held in Karachi, may 
have significant effects on the pro- 
motion of R&D in Pakistan. The 
seminar was unique in that it was 
organised by the Federation of 
Pakistan Chambers of Commerce and 
Industry and was attended, among 
others, by three vice-chancellors, the 
Chairman of the Pakistan Council of 
Scientific and Industrial Research, the 
Secretary of the Ministry of Science. 
several heads of research institutes and 
many leading industrialists. It was, in 
fact, a sequel to a UNIDO Adhoc 
Expert Group meeting on the same 
subject, which was held in Vienna last 


December and in which Pakistan 
participated. 
The Karachi moot, however, 


reflected new trends in Pakistan one 
of which was that the private sector 
of industry, which had hitherto been 
largely apathetic towards scientific and 
industrial research, had started showing 
awareness of its importance. A fruitful 
outcome of the three-day deliberations 
was the formation of a National 
Research Utilisation Board by the 
Chambers of Commerce and Industry, 
consisting of representatives from 
universities, research institutes and 
industry itself. It is to promote 
industries based on indigenous 
research. 

The main bottleneck so far in 
making use of research has been the 
absence of any proper mechanism to 
rope industry into the R&D effort. The 
entrepreneurs in industry have largely 
settled for ‘turn-key’ jobs on proven 
products and for technology developed 
by foreign firms. The element of 
challenge and the calculated gamble in 
using products and processes developed 
locally has rarely been acceptable to 


the industrialist. 

The position now appears to have 
changed considerably with the tight 
balance of payments making it im- 
perative to exploit indigenous raw 
materials and local technological 
talent. The dearth of foreign exchange 
has had its repercussions on the 
industrial sector. For the first time, 
industrialists are coming round to the 
view that the limited resources of the 
country call for an organised approach 
based on self-reliance and for the 
mobilisation of the meagre R&D 
resources. The technology which will 
be applied, however, will need to be 
appropriate to the physical, human and 
capital resources available. 

Until now, there have been two 
weak points in the structure. The 
universities have been dominated by 
academics and have contributed almost 
nothing to applied research and the 
development of industry; and there has 
been a lack of interest on the part of 
industry in the government’s R&D 
effort. The recommendations which 
came out of the seminar are for more 
collaboration between industry and 
research institutions and industry and 
the universities. 

Another suggestion to be accepted 
at the seminar was that research and 
development centres should be gradu- 
ally created within industrial enter- 
prises and that the R&D function 
should be part of feasibility studies and 
the design of new large plants. To 
promote applied research in the univer- 
sities, the Universities Grants Com- 
mission and the Pakistan Science 
Foundation are likely to give liberal 
financial support for collaborative 
research, while the Government may 
help by providing industry with 
incentives, such as tax exemption, for 
sponsoring research projects. Research 
in the universities suffers from inade- 
quate funds; if more money were 
available, they could work for techno- 
logical progress as well as pure 
knowledge. 

Dr Salimuzzaman Siddiqui, a 
chemist, stressed the point that pure 
and applied research cannot easily be 
demarcated. So far as problem solving 
is concerned, priorities cannot be 
allocated under rigidly defined cate- 
gories and there should be a massive 
but carefully phased multidisciplinary 
programme. Most of the participants 
felt strongly about another point raised 
by Dr Siddiqui, namely that Pakistan 
was spending barely 0.2% of its gross 
national product on R&D compared to 
2-4% in many advanced countries: 
there was need for a major change. O 
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Desert song 


Like the United Nations, which organ- 
ised an intergovernmental conference 
on desertification in Nairobi earlier this 
month, China has been taking an in- 
terest in the problems of desert control. 
Over recent years two national con- 
ferences on desert control have been 
held and several major works on 
aspects of desertification have been 
published, including ‘An outline of 
Chinese deserts’ and ‘Summary of mass 
experience in China’s desert control’. 
Two further works, ‘Control of sand 
destructive to farmland’ and ‘Protect- 
ing railways against sand’ are to be 
published soon. 

Using the findings reported in these 
publications as guidelines, prefectures, 
counties and communes in six prov- 
inces and autonomous regions have 
drawn up their own plans to combat 
or even reverse desertification taking 
into account local conditions. The now 
established causes of desertification-- 
unplanned irrigation, excessive tree 
felling, overcultivation, overgrazing, 
with drought being a condition but not 
a fundamental cause—are supported in 
ancient Chinese records. Measures 
taken to tame deserts include : 


@ planting wind resistant shrubs on the 
windward side of land threatened by 
encroaching deserts and tall trees near 
farmland. When the wind blows at 
average speeds, the length of the pro- 
tected area is some twenty times the 
depth of the forest shelter belts. Criss- 
crossing tree belts in oases provides 
further protection against the wind. 


@ creating new oases by building reser- 
voirs to store seasonal flood water from 
streams and lakes and using melted 
snow from the mountains or under- 
ground water to irrigate the reclaimed 
land before planting trees to protect it. 


@ developing pasture land for animal 
husbandry in deserts with fixed sand 
dunes or only interspersed shifting sand. 
Forage bases can be established on flat 
land in between sand dunes where 
water resources are relatively abundant. 


Such measures are important espec- 
ially as 11% of China’s total land area, 
about one million square kilometres, is 
desert. Just over half of this is dune 
desert, the rest being gravel and other 
types. The Academia Sinica runs a 
desert research institute which studies 
desert distribution and type, the pro- 
cesses which form them, their natural 
conditions and ways of combating de- 
structive sandstorms and using water 
and soil resources in sandy areas and in 
reclaimed land. It also publishes a 
quarterly journal Desert Research. In 
addition, the state has set up experi- 
mental forest farms and twenty demon- 
stration stations for desert control. 
Many species of plants, which will sur- 
vive in the desert, have been grown at 
the stations. 

T. B. Tang 


Nature Vol. 269 22 September 1977 


283 


Hums i 


EEC report 


ENERGY, uranium prospecting and the 
use of weedkillers containing dioxin 
were topics for questions last week at 
the European Parliament in Luxem- 
bourg. EEC Commissioner, Richard 
Burke, told the Parliament that the 
Commission is considering the pos- 
sibility of including wind energy in the 
next research programme. The EEC 
already has plans for building a proto- 
type plant to generate electricity from 
solar energy and there were suggestions 
for a comparable unit based on wind 
energy. However, it was unlikely, 
according to Burke, that wind energy 
could be more than peripheral because 
of the few areas within the EEC where 


A FEW months ago (19 May, page 
201) I voiced pessimism about the 
laetrile movement, but now I am in 
a more contemplative mood. Eleven 
State Legislatures have passed mea- 
sures authorising the sale of laetrile. 
A most interesting day of reckoning 
is ahead, because no one, least of all 
the lawmakers, seems to know what 
laetrile is. Vials containing the solu- 
tion are sometimes microbially con- 
taminated. The ‘potency’ of various 
samples ranges from 14-87% of 
claims, and one batch of ‘laetrile’ 
capsules was found to consist of de- 
hydrated iced tea, which was prob- 
ably an improvement, because iced 
tea, unlike amygdalin (‘street lae- 
trile’), does not liberate cyanide in 
the digestive tract. Dr Gerald Lewis 
fed experimental animals with laetrile 
and sweet almonds; the almonds con- 
tain beta-glycosidase, which hydro- 
lyzes amygdalin, and the animals died 
of cyanide poisoning. A child died 
similarly when she ate her father’s 
laetrile tablets. I pointed this out to 
a pro-laetrile California state senator, 
and he told me that aspirin kills, too. 

I am somewhat encouraged by the 
fact that the ‘establishment’ is finally 
bestirring itself. The Director of the 
National Cancer Institute, who 
opined that Ernst Krebs’ theory of 
laetrile action was a great idea, and 
he wished it would work, has now 
departed; the US Surgeon General, 


Julius Richmond, now says that 
laetrile is useless and may be 
dangerous. 


The best recent news stories were 
those concocted by the laetrile pro- 
ponents at hearings before Senator 
Edward Kennedy on 12 July. Dr John 
Richardson, whose licence to practise 
medicine has been revoked, said that 
he, Ernst Krebs Jr and Robert Brad- 
ford were the victims of a conspiracy 


it would be suitable. Initial results for 
uranium prospecting in the EEC were 
reported as encouraging and those for 
Greenland as good. 

There was concern over the use of 
weedkiller 2.4.5.T, which may contain 
traces of dioxin, the chemical released 
around the North Italian town of 
Seveso following an explosion at a 
chemical factory. The weedkiller is 
presently allowed in all EEC countries 
except Italy, Antonio Giolitti told the 
Parliament. Limiting its use should be 
considered following each item of in- 
formation, he said. The Commission’s 
proposed directive on harmoninsing 
safety regulations on dangerous manu- 
facturing industry is to be discussed— 


by “the major oil and drug com- 
panies, the Food and Drug Adminis- 
tration (FDA), the American Medical 
Association, the National Cancer 
Institute, the American Cancer Insti- 
tute’; he also suggested that the 
Rockefeller family was involved. The 
witnesses, including Bradford, were 


Iced tea or laetrile? 








THOMAS H. JUKES 





unable to write the formula for 
laetrile “on a piece of paper”, but 
Bradford, an engineering technician, 
said that “orthodox medicine was 
not qualified’ to evaluate clinical 
tests of laetrile. Krebs, who is appeal- 
ing a six-month jail sentence for 
violating his probation by selling 
laetrile, was reported as seeking to 
leave the impression that he was pro- 
moting laetrile for “purely humani- 
tarian reasons”. Carol Hehmeyer, 
who prosecuted him, testified that he 
and his associates in San Francisco 
took in more than $500,000 in two 
years by “selling laetrile and other 
outlawed medicines”. 


for the third time—by EEC govern- 
ment experts on 13 and 14 October. 


Leakey in Europe 

To mark the inauguration of its Euro- 
pean chapter, the L. S. B. Leakey 
Foundation has endowed two post- 
graduate students at St John’s College, 
Cambridge. Named after Dr Louis 
S. B. Leakey and based in the United 
States since 1968, the foundation has 
given more than $1,000,000 to support 
the study of man’s origins, behaviour 
and survival. The first task of the new 
chapter, Dr Bernard Campbell its vice- 
chairman said last week, will be to 
raise its own funds mainly to support 
anthropological research. 


The ‘victimisation’ of Richardson, 
according to newspaper articles, 
seems to be rendered tolerable by his 
income (he grossed $783,000 in 1974) 
and his opulent lifestyle. Bantam 
Books have printed 200,000 copies of 
his new book, Laetrile Case Histories. 
The FDA caustically pointed out 
in ‘The Federal Register’, 5 August, 
that Richardson’s book states that 
he threw out the cases with “the 
weakest medical histories” and de- 
scribed only 62 out of 4,000 patients! 
In his book he also tells how he got 
the idea of laetrile promotion from 
Ernst Krebs Jr, whose biochemical 
theories, exposed as fantasies by Pro- 
fessor David Greenberg in 1974, 
served to convince Andrew Mc- 
Naughton Jr, a former Canadian test 
pilot who is the leading entrepreneur 
of laetrile in Tijuana. 

The scientific exposition by Krebs 
took place, according to McNaugh- 
ton, in conversation at a chance 
meeting in a drugstore in Miami 
some years ago. Such erudite tech- 
nicalities were not needed to persuade 
the legislators of 11 states. They re- 
sponded to chanting crowds who wore 
T-shirts emblazoned with the words 
“Laetrile Works, You Bet Your 
Life”. However, a slim majority of 
the California State Assembly Health 
and Welfare Committee was uncon- 
vinced. They killed the laetrile- 
legalising bill by a vote of six to five. 
The bill had passed the corresponding 
State Senate Committee unanimously. 
The author of the bill, Mr William 
Campbell, who for some reason is a 
member of the senate committee, 
says he will try again in January. 
Perhaps a more useful form of legis- 
lation would be a constitutional 
amendment to inhibit state gov- 
ernments from legalising quack 
remedies. 
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correspondence 


Detecting dead bodies in 
1718 and 1976 





He hath with Diligence trac’d to its Root, 
and finds it to spring from the Putrefaction 
of the dead Body. . .” 


The twin paradox 


Sir,—Tom Wilkie’s remark (28 July, 
page 295) that the resolution of the 
twin paradox lies in the fact that the 
equivalence of the twins is destroyed 
by the necessity for the ‘moving’ one 
to reverse his motion continues to 
ignore the fact, pointed out in my 
letter in Nature of 31 August, 1973, 
that, if that were so, the equivalence 
would be maintained during the first 
half of the journey, before reversal 
occurs. Hence, in the example there 
cited, Paul, the ‘moving’ twin, would 
reach the distant planet a teenage boy, 


The phenomenon described here is 
close to what I suggested, but is not 
exactly the same as that expected of 
ammonia fungi including the above- 
mentioned species (Sagara, N. Contr. 
biol. Lab. Kyoto Univ. 24, 205-276 
(1975)). “It” reminds us of the rhizo- 
morph, pseudorhiza, or aborted fruit- 
body produced by certain fungi, but 
- does not fit those of any known am- 
monia fungi. Further, if we interpret 
“the Putrefaction of the dead Body” 
as putrefying corpse, the ammonia 
fungi would not appear at such an 


Sir,—I_ reported (Nature 262, 816 
(1976)) that dead bodies of a dog and 
a cat were detected by the presence of 
fruit-bodies of an agaric species 
(Hebeloma vinosophyllum) appearing 
on the ground above the buried bones, 
and suggested the possibility that a 
victim of homicide buried in soil could 
be located by this or similar fungi. In 
response to a ‘Science report’ in The 
Times (2 September 1976) summarising 
my article, Dr Denys W. Tucker, 
formerly of British Museum (Natural 


is ) inf A a ARAA i and the reversal and return would 

= 5 eg terete: a Passace early stage of decomposition. restore him to babyhood. It is not 
published ksi 1718, (Aubrey, J. The I have been discussing the matter customary in scientific research to 
Natural History and Antiquities of the with ; 5 


some noted mycologists and 
botanists from the UK and Japan, but 
so far we have not succeeded in point- 
ing out any possible organism for the 
structure described by J. Aubrey. I 
would appreciate receiving suggestions 
as to what it might be and any similar 
information from any part of the 


ignore such obviously remarkable and 
important points. Will Mr Wilkie there- 
fore kindly say whether he accepts this 
necessary consequence of his suggested 
resolution of the paradox, or agrees 
with me that it makes such a resolution 
impossible? 


County of Surrey 111, (E. Curll, 
London 1918)), which contains the fol- 
lowing lines (pages 225-26) written by 
John Aubrey of his visit to Woking in 
Surrey. 


“The Grave-Digger here told me, that he 
nad a Rule om his Father, to know world 
when not to dig a Grave upon a Corps x J: A 

not rotted; which was, when Ne Duada I thank Dr Tucker for the infor- 
certain Plant about the Bigness of the mation, and Drs Roy Watling, Geoffrey 
Middle of a Tobacco-Pipe, which came C, Ainsworth, Rokuya Imazeki, Siro 
near the Surface of the Earth, but never Kitamura, Osamu Sinoda and Minoru 
appear’d above it. It is very tough, and Re Hes eget 

about a Yard long; the Rind of it is almost Hamada for the discussion. 

black, and tender, so that, when you pluck Yours faithfully, 

it, it slips off, and underneath is red; it NAOHIKO SAGARA 
hath a small Button at Top, not much Biological Laboratory 

Yoshida College, 


Yours faithfully, 


HERBERT DINGLE 
Hull, UK 


Tom Wilkie replies: I stand by every 
word of my article and do not accept 
that the above is a necessary conse- 


unlike the Top of an Asparagus: Of quence. I am writing to Professor 


these sometimes he finds two or three in 


a Grave. He is sure it is not a Fern Root. 





Competition 14 asked for a boring 
or meaningless paragraph. £10 to 
E. R. A. Beck of Vienna for these 
introductory remarks: 


The subject to be considered in this 
session of the symposium is one on which 
much research has been done, much 
grey matter has been activated and much 
fruitful discussion has already taken 
place. Its importance is well known to 
all of us here today, whether we face it 
at the laboratory bench or at an adminis- 


Kyoto University, Japan 


trative, policy-making or governmental 
level. Indeed, the fact that an inter- 
national organisation has chosen to 
devote an afternoon to an exchange of 
information on this topic is sufficient 
evidence that interest has transcended 
national boundaries. In some form or 
other, it affects the developed and the 
developing countries, the technologically 
advanced and the less-advanced peoples. 
There is, as vet, no consensus on a 
solution, nor indeed on a programme 
for the coming period. In my talk, 
therefore, I shall attempt to focus atten- 
tion on some of the more significant 
points, and express some humble 
thoughts of my own as to how we might, 
together, approach the task of seeking a 
methodology for tackling this absorbing 
question, ensuring as we do so that our 
endeavours will also serve those facing 
this problem in the nations less well 
endowed with trained manpower and 
sophisticated equipment. (Aside, speaker 
to chairman: “I say, which symposium 


Dingle privately on this matter. 


is this; ‘Advanced techniques in control 
of the screw-worm fly’, or ‘Special con- 
straints in seeding methods for MHD 
generators? ') 

Honorable mention to J. R. 
Richards (Tadcaster, North York- 
shire) for a genuine paragraph from 
The Mind of Light by Sri Aurobindo. 


Competition 15. The front cover of 
Nature used to carry a quotation 
from Wordsworth: 


‘To the solid ground 
Of nature trusts the Mind that builds 
for aye’. 


£10 for the best quotation or verse, 
serious or humorous, suitable for these 


days. Entries to Competition 15, 
Nature, 4 Little Essex Street, London 
WC2 by October 20. 
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news and views 





Intercalation complexes of DNA 


from Donald Voet 


Ir has now been sixteen years since 
Lerman proposed that aminoacridine 
dyes bind to DNA by intercalating 
between its stacked bases. Since then, 
numerous other planar aromatic mole- 
cules, many of which are potent drugs 
or mutagens, have been found to bind 
to DNA in a similar manner. Yet the 
detailed geometries of these inter- 
calation complexes have hitherto been 
only poorly defined because of the low 
quality of the available fibres of nucleic 
acids complexed with intercalation 
agents. The situation has been greatly 
remedied recently by the elucidation of 
several X-ray crystal structures of self- 
complementary dinucleoside phosphates 
in complex with various intercalating 
agents. 

X-ray studies have shown that self- 
complementary dinucleoside phosphates 
such as cytidylyl-(3’,5’)-guanosine 
[CpG] often crystallise as miniature 
double helices. By this it is meant that 
the dinucleoside phosphate forms two 
symmetry-related Watson-Crick base 
pairs with a neighbouring molecule and 
that their sugar-phosphate backbones 
have the conformational parameters 
found in a double helix. In an in- 
triguing extension of this work Sobell 
and his coworkers have recently re- 
ported the X-ray structures of several 
intercalation complexes of self-comple- 
mentary dinucleoside phosphates. These 
are the 2:2 complex of ethidium with 
5-iodouridylyl-(3’,5’)-adenosine —_ [iodo- 
UpA] (Tsai et al. J. molec. Biol. 114, 
301; 1977); the 2: 2 complex of ethidium 
with 5-iodocytidylyl-(3’,5’)-guanosine 
[iodoCpG] (Jain et al. J. molec. Biol. 
114, 317; 1977); the 2:2 complex of 
9-aminoacridine with iodoCpG (Sakore 
et al. Proc. natn. Acad. Sei. U.S.A. 
74, 188; 1977) and the complex of pro- 
flavine with iodoCpG (Seshadri et al. 
Abstracts Amer. Crystallogr. Assoc. 
Meeting, Michigan State Univ. 1977). 
These complexes, which are all heavily 
hydrated, have quite different crystal 
structures from one another. Yet their 
molecular structures show striking 
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similarities. In all these structures the 
dinucleoside phosphates form miniature 
double helices that intercalate an 
ethidium or an acridine molecule. Thus 
the base pairs in these structures are 
separated by about 6.8 A which is twice 
the usual base stacking distance found 
in the B form of DNA (the usual 
native form). 

The intercalation agents are 
accommodated in the complex by the 
unwinding of the miniature double 
helices from the conformations found 
in nucleic acid double helices. In doing 
so all of these dinucleoside phosphates 
have adopted a rather distinctive sugar 
puckering pattern in which the ribose 
sugar of the pyrimidine nucleoside is 
in the C3’ endo conformation and that 
of the purine nucleoside is in the C2’ 
endo conformation. The same C3’ 
endo-(3’, 5’)-C2’ endo puckering alter- 
nation has been observed in the pseudo 
intercalation complex of 9-aminoacri- 
dine with ApU (Seeman er al. Nature 
253, 324; 1975). (In this structure the 
bases pair in a Hoogsteen arrangement 
without double helix formation. How- 
ever the base pairs alternate with 9- 
aminoacridine molecules as in the fore- 
going intercalation complexes.) 
Furthermore, computerised model 
building studies by Alden and Arnott 
(Nucleic Acids Res. 2, 1701; 1975) have 
suggested that the most satisfactory 
conformation for an intercalation com- 
plex of B-DNA incorporates the above 
puckering alternation. 

It has long been known that, at 
saturating concentrations of intercalat- 
ing agents, DNA will intercalate one 
molecule for every two base pairs. This 
observation has led to the ‘neighbour 
exclusion’ model which states that the 
binding of intercalation agents to DNA 
is subject to the restriction that adja- 
cent binding sites be unoccupied. This 
model is neatly rationalised by the 
requirement of a C3’ endo-(3’,5’)-C2’ 
endo pucker alternation at the inter- 
calation site. Such an alternation can 
maximally occur between every second 
base pair. 

The foregoing crystal structures 
account for solution studies which 
indicate that ethidium preferentially 


binds to sequences of the type 
pyrimidine-(3’,5’)-purine. In the above 
structures there are extensive stacking 
interactions between the nucleic acid 
bases and the intercalating molecules. 
However, model building studies show 
that in complexes which have these 
base sequences reversed the degree of 
ring overlap is much reduced. Presum- 
ably these latter complexes are less 
stable than the former. This result also 
explains why no intercalation com- 
plexes of ApU or GpC have been 
crystallised. 

The various structural features com- 
mon to the foregoing intercalation 
complexes, which include an 8° relative 
tilt of the base pairs towards the wide 
groove, have prompted Sobell ef al. 
(J. molec. Biol. 114, 333; 1977) to pro- 
pose a detailed model for intercalation 
complexes of B-DNA. In this model, 
which is substantially based on com- 
puter-generated model building, the 
helix axis is kinked about the inter- 
calation site by 8° and is unwound by 
10°. This latter figure is in reasonable 
agreement with the results of solution 
studies of intercalation complexes. In 
addition the sugars about the intercala- 
tion site have the pucker alternation 
described above. 

The structural features of this model 
have led Sobell ef al. to extend their 
model building studies to generate a 
general model for the kinking of B- 
DNA. In this model the helix axis is 
bent by 40° into the wide groove 
through a conformational change that 
is made possible by a C3’ endo-(3’,5’)- 
C2’ endo pucker alternation about the 
kinking site. Then, depending on the 
interval along the helix axis of these 
kinks, various families of supercoiled 
DNA can be generated and Sobell et al. 
present several striking computer gen- 
erated drawings of these superhelical 
DNAs. Perhaps the most interesting of 
these is the one in which a kink occurs 
every 10 base pairs. This gives rise to 
a left-handed superhelical structure that 
contains 14 turns per 140 base pairs and 
has an axial length of 80 A. These and 
other structural features make it an 
attractive model for the DNA in 
nucleosomes. 
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The foregoing models result from the 
great similarities among the four crys- 
talline intercalation complexes reported 
by Sobell and coworkers. But into many 
ointments a fly will fall. In this case 
the fly is in the guise of the crystal 
structure of a 3:2 complex of pro- 
flavine with CpG that is reported by 
Neidle er al. in this issue of Nature 
(page 304). This structure, which 
results from a collaboration between 
researchers at Kings College, London, 
and The Institute of Cancer Research, 
Philadelphia, consists, in part, of mini- 
ature double helices into which pro- 
flavine molecules are intercalated. The 
spacing between adjacent C:G_ base 
pairs is the expected 6.8 Å. But what 
is unexpected and potentially damaging 
to the plausibility of Sobell’s models is 
the fact that all the sugars are in the C3’ 
endo conformation rather than having 
the C3 endo-(3’,5-C2’ endo pucker 
alternation. Furthermore the miniature 
double helix is not unwound relative to 
the helical conformation of uncom- 


plexed RNA-11. Rather, the miniature 
double helix accommodates the inter- 
calated proflavine molecule by a stretch- 
ing distortion involving small changes 
in the backbone and glycosidic torsion 
angles. 

It may be that the structure reported 
by Neidle et al. is simply a red herring. 
After all, a dinucleoside phosphate 
could hardly be expected to behave as 
rigidly as a polynucleotide, especially 
in its interactions with other molecules. 
But the same criticism can be levelled 
at the structures reported by Sobell and 
coworkers. Furthermore, all of the di- 
nucleoside phosphates discussed here 
are composed of ribonucleotides and 
therefore cannot be considered to be 
ideal models for DNA. (The fact that 
acridine fluoresces red when complexed 
with RNA and green with DNA indi- 
cates that the acridine molecule senses 
a difference between RNA and DNA). 
What is clearly necessary to settle the 
question of the conformation of an 
intercalation complex of DNA is the 
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crystal structure of an intercalation 
complex of a DNA fragment that is at 
least four base pairs in length. Rumour 
has it that there are several groups now 
attempting to  crystallise such a 
complex. 

In a wider sense these studies have 
shown that ‘small molecule’ crystallo- 
graphy continues to be a valuable tool 
in elucidating biological structures. The 
structures discussed here all contain 
several molecules in their asymmetric 
unit and hence are very large accord- 
ing to present day standards for ‘small 
molecules’. Indeed, the asymmetric unit 
of the 9-aminoacridine: iodoCpG com- 
plex, which contains 248 non-hydrogen 
atoms, approaches the size of some of 
the smaller proteins whose structures 
were solved using ‘macromolecular’ 
crystallographic techniques (rubredoxin 
for example has 401 non-hydrogen 
atoms). Thus it seems that the dif- 
ferences between ‘small molecule’ and 
‘macromolecular’ crystallographic tech- 


niques may soon grow indistinct. [J 


Elementary particles—a rich harvest 


from David J. Miller 





and 
Photon Interactions at High Ener- 
gies was held in Hamburg on 25-31 
August, 1977. 


A symposium on Lepton 





A SCIENTIFIC journalist recently 
tried to persuade me that high-energy 
physics was one of the fields of science, 
and there might be others such as 
molecular biology, where enough pro- 
gress has been made for the moment. 
He could not have maintained such 
an attitude if he had been at this year’s 
conference. The momentum of pro- 
gress in the field is unabated, with 
new and exciting experimental data 
being matched by a significant growth 
in theoretical understanding. 


Evidence for a fifth quark? 

The most exciting result of all came 
from L. Lederman, whose Columbia 
Fermilab group have now not only 
confirmed the Y (upsilon) bump which 
they see in muon pairs from proton- 
proton collisions, but have shown that 
it is composed of at least two clear 
resonances, one produced three times 
more strongly than the other. It is 
almost certainly another pair of objects 
like the J/v and the W; but this time 
the theorists were ready for it. There 
is even a name for this whole class 
David J. Miller is in the Department of 
Physics at University College, London. 


of particles—‘Onium’. Positronium— 
the pseudo atom made up from an 
electron and its antiparticle the posi- 
tron—-has been with us for many 
years. The y and ¥ have been called 
‘charmonium’ because they behave as 
if they are made of a charmed quark 
and antiquark. A considerable amount 
of new evidence was reported on the 
level-structure of charmonium-—not 
only the familiar J/¥ and Wọ *S states 
which couple to e*e by way of a 
photon, but the *P states which lie 
between, and the rather less well 
established ‘S states. A surprise has 
come as the theories have been refined. 
The non-relativistic theory of heavy 
quarks in a potential well had sufficient 
input from the 1 °S (J/¥'), 2 *S@’) 
and 1 'P that it was possible to predict 
a 3 *S state above the W, at 3,770 
MeV/c’—just above the threshold for 
pair-producing the charmed D mesons. 
Experimenters at the e*e” storage rings 
SPEAR in California and DORIS in 
Hamburg had not investigated this 
region very carefully because of 
interest in the complex structure just 
beyond it from 4,000 to 4,450 MeV/c’. 
They went back to look for the 3,770 
only a few months ago and it was 
found as a clear signal exactly where 
predicted. If the upsilon is the next 
onium then it must be made from a 
pair of even heavier quarks than the 
charmed quark, so non-relativistic 


potential theory should work even 
better in this case. As soon as Leder- 
man’s talk ended the theorists got out 
their pencils and paper, and in a talk 
a few hours later K. Gottfried was 
able to show that all of the known 
properties of the upsilon could be 
accommodated in an onium picture. 
There is therefore almost certainly a 
new quark flavour in addition to the 
everyday ‘up’ and ‘down’ quarks, the 
strange quark and the charmed quark. 


More on charm 

It is only about a year since it 
became clear that we had indeed seen 
charmed particles—the D mesons pro- 
duced in e*e” annihilations. Many new 
properties of the Ds were reported at 
Hamburg and also evidence for their 
strange and charmed relative the F. 
The pseudoscalar Ds had been hard 
to separate from the vector D* mesons 
which decay directly into a D and a 
pion, but the discovery of the 3,770 
has brought an unexpected bonus. It 
decays strongly into DD pairs, but it 
is not massive enough to give D*. One 
can therefore set the energy of the 
ete” rings at 3,770 and study the rather 
complicated weak decays of the Ds 
without any extraneous pions. The 
other approaches to producing charm 
have been making slower progress. 
Neutrino experiments at Fermilab and 
at CERN are now accumulating large 
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numbers of events with two muons of 
opposite sign in the final state, 
or with a muon and an electron. All 
properties of these events seem to 
be consistent with charm’s being pro- 
duced in about 5% of neutrino inter- 
actions. So far no wholly satisfactory 
result has been reported on the pro- 
duction of charmed baryons. The 
Columbia—Fermilab experiment by 
Wonyong Lee’s group has a clear 
signal with antilambda and three pions. 
They should also see something with 
lambda and three pions but they do 
not, so the significance of the anti- 
lambda signal must be questioned. It 
seems likely that the bubble chamber 
neutrino experiments will be the first 
to establish the existence of charmed 
baryons, but the results from several 
groups on strange particles from 
charmed particle decay are fluctuating 
wildly due to small statistics and no 
clear conclusions can yet be drawn. 


More signs of 7 

For two years now there have been 
signs from SPEAR and from DORIS 
that the increase of e*e” cross sections 
at about 4 GeV/c’ is due to two 
thresholds, not just to the charm 
threshold. M. Perl, using SPEAR, was 
the first to identify a class of events 
which have a muon and an electron 
with opposite signs and in which a 
great deal of the energy escapes as 
unseen neutral particles. New detectors 
at SPEAR and new data from DORIS 
have confirmed the existence of these 
events and it looks increasingly con- 
vincing that they are caused by a 
new heavy lepton, the tau (r), a big 
brother to the electron and the muon. 
In particular, the cross section for 
producing them seems to rise smoothly 
and steadily from threshold towards 
the correct asymptotic value for the 
pair production of spin-} particles, 
with mass about 1,850 to 1,900 
MeV/c’, coupled to the photon in the 
normal way. There was some excite- 
ment early in the conference when it 
seemed that one of the most easily 
predicted decays of the r (to a pion 
and a neutrino) was not seen, but 
the experimenters looked more care- 
fully at their data and were eventually 
convinced that there was no anomaly. 


Neutrino physics 

In neutrino physics the new results 
from the CERN SPS have come at 
the same time as the second generation 
results from Fermilab, with the con- 
Sequence that some of the odder 
effects suggested by single experiments 
in the past can now be seen to have 
gone away. In particular the Harvard — 
Pennsylvania — Wisconsin — Fermilab, 
‘HPWF’, suggestion of a threshold 
effect at neutrino energy of about 
40 GeV has not been confirmed by any 


Has the sre gene product 


been found? 


from Robin Weiss 


AVIAN Sarcoma viruses carry a gene, 
src, which is required for the trans- 
formation of fibrobasts and the induc- 
tion of sarcomas, but which is super- 
fluous for virus replication. Because 
mutants of src have been isolated that 
are temperature sensitive for the 
maintenance of the transformed state 
of the cell, it is widely assumed that 
sre codes for a transforming protein. 
On page 346 in this issue of Nature, 
Brugge and Erikson report the detec- 
tion of a transformation-specific anti- 
gen which appears to be a good 
candidate for the src protein. Sera 
obtained from rabbits bearing tumours 
induced by avian sarcoma virus (ASV) 
react with a protein of 60,000 daltons 


present in transformed cells, which is 
unrelated to viron structural proteins. 
The same protein is found in ASV- 
transformed avian and mammalian 
cells. strongly indicating that it is a 


virus-coded protein. Cells infected 
with transformation-defective, src de- 
letion mutants of ASV do not express 
this protein; neither could it be im- 
munoprecipitated from cells infected 
with temperature-sensitive src mutants 
and incubated at the non-permissive 
temperature. 

This is not the first time a trans- 
formation-specific antigen has been 
identified in ASV-transformed cells. 
There is an extensive literature (re- 
viewed by Kurth Biomembranes 8, 
167; 1976) on a tumour-specific cell 
surface antigen (TSSA) to which 
Brugge and Erikson make no refer- 
ence. It will be important to see 
whether the 60,000 dalton protein is 
related to TSSA. 

Several attempts have been made to 


other group. But there are new effects 
on a more subtle level which are 
beginning to be believed because they 
are seen in so many experiments using 
very different techniques. Until now 
it has been usual to interpret neutrino 
data in terms of the simplest quark- 
parton picture. This will clearly not 
work any longer. For some years it 
had been clear that electron—proton 
and muon-—proton scattering data re- 
quired important corrections to the 
simple quark model. Now the same 
corrections have been shown to apply 
to the charged current neutrino data. 
Theorists are very pleased about this, 
because the kind of correction required 
is just what would be expected from 
the more formal theory of quarks— 
quantum chromodynamics ‘QCD’. 


identify the src gene product by in 
vitro translation of ASV RNA. Paw- 
son, Martin and Smith (J. Virol. 19, 
950; 1976) were not able to identify 
any polypeptide present in translation 
products of the ASV genome that 
was absent from those of a trans- 
formation-defective (td) mutant. Two 
recent reports, however, each claim 
that two polypeptides of approxi- 
mately 18,000 and 25,000 daltons can 
be detected after translation of ASV 
RNA but not of td ASV RNA in the 
reticulocyte system (Kamine & 
Buchanan Proc. natn. Acad. Sci. 
U.S.A. 74, 2011; 1977; Beemon & 
Hunter Proc. natn. Acad. Sci. U.S.A. 
74, 3302; 1977). The work of Beemon 
and Hunter is particularly interesting 
because they have demonstrated by 
analysis of tryptic peptides that the 
two polypeptides absent in td ASV 
translation products are unrelated to 
the precursor polypeptide of the 
virion core proteins. Since sre is 
located near the 3’ end of the ASV 
genome it is not easily translated from 
undegraded genomic RNA prep- 
arations, but selection of smaller frag- . 
ments containing the poly(A) at the 
3’ end of the molecule proved effec- 
tive for the translation of these pre- 
sumed src products. 

The antiserum that reacts with the 
60,000 dalton polypeptide should be 
useful for selective precipitation of in 
vitro translation products. In their 
report, Brugge and Erikson already 
quote a further paper in press on that 
subject. 





Robin Weiss is a member of staff at the 
ICRF Laboratories, London. 





Neutral current neutrino data has also 
been improving rapidly, and it is clear 
that neutral current interactions pro- 
ducing strongly interacting particles 
(hadrons) are very well described by 
the Salam—Weinberg GIM model (see 
News and Views 264, 398; 1976) other- 
wise known as SU(2) x U) P, 
Sandars (University of Oxford) gave a 
status report on the other end of the 
neutral current field—the search for 
the atomic effects of interference be- 
tween the weak neutral current and 
the electromagnetic interaction. Here 
there are problems. Sandar’s group and 
a group at Washington State Uni- 
versity have performed optical rota- 
tion experiments with laser light 
passing through bismuth vapour. Hf 
the Weinberg-Salam model is true, and 
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has the parameters determined from 
the hadronic neutral-current experi- 
ments, then they should have seen 
large effects due to these parity- 
violating interferences. But neither 
group sees any effect, and they have 
spent a great deal of time checking 
both their experimental sensitivity and 
the theory in order to be sure (News 
and Views 264, 505; 1976). 

S. Weinberg and others discussed the 
meaning of these results. It seems that 
SUQ@) x U(1) is to the weak interaction 
what the naive quark~parton model has 
been to QCD; a first approximation 
which has fitted a surprisingly large part 
of the data. Now it will be necessary to 
enlarge the model to accommodate the 
new quarks and leptons, the absence of 
atomic neutral currents and perhaps 
also whatever it is that is causing 
trimuon events. The HPWF group still 
sees these events, though the big new 
CERN neutrino experiment is not yet 
claiming a definite effect. There is par- 
ticular interest in two of the HPWF 
events in which all three of the muons 
have been given very large energies. 
This suggests that they have all come 
from the ‘neutrino end’ of a neutrino- 
nucleus interaction—something which 
no one was able to explain satisfactorily 
in the framework of current weak- 
interaction theory. 


Plans for the future 

The fast morning was devoted to the 
future (‘and its alternatives’, a phrase 
quoted by W. Panofsky of SLAC from 
a US Government memorandum). 
Panofsky, and H. Schopper of the host 
laboratory, reviewed the plans for their 
laboratories and for their e*e” storage 
rings PEP and PETRA which will start 
work at about 30GeV in the centre 
of mass (15+15 GeV beams) in 1979 
and 1978 respectively. There was a 
fascinating talk from J. W. de Wire of 
Cornell University on CESR, the 
8+8 GeV e*e” storage ring, which is 
being built on a minute budget by the 
standards of the big laboratories. Cor- 
nell is one of the last universities in the 
world to be able to build its own high 
energy physics facilities. The record of 
achievement on their 10 GeV electron 
synchrotron has been excellent and they 
are now especially confident of doing 
a good job with CESR because the 
upsilon falls right in the middle of their 
useful range of energies. Schopper de- 
scribed how the energy of DORIS will 
be extended to reach the upsilon, but 
the commitment to build PETRA on a 
very rapid schedule makes it impossible 
to do this immediately. The usefulness 
of having more than one laboratory 
doing e*e” physics at the same energy 
has been illustrated repeatedly not only 
by the results from SPEAR and DORIS 
on charm and r production but also by 


the latest results from the lower energy 
French and Italian machines, DCI and 
ADONE, which are still a long way 
from having cleared up the problems 
which remain in the energy region 
below 3.1 GeV. This region was left 
almost untouched in the rush to dis- 
cover the ‘new physics’ and the Onium- 
structure of the old quarks—up, down 
and strange—is still not understood. 
These two machines will have to collect 
much more data before we can hope to 
sort it out. 

Although our ideas of QCD and the 
weak interaction still leave many 
questions unanswered, J. D. Bjorken of 
Stanford drew attention in the final 
talk to the major discoveries which can 
be confidently predicted for the next 
10 or 20 years. As energies rise, the 
old fashioned strong interaction and the 
electromagnetic interaction will have a 
decreasingly important role compared 
with the quark-gluon coupling of QCD 
and the charged and neutral currents of 
weak interactions. As well as discussing 
the zoo of new objects which might be 
produced as this regime is reached, he 
compared the merits of different types 
of machine which have been proposed 
to get there. The clear leader is the 
large e*e” machine LEP, as requested 
by the European Committee on Future 
Accelerators (see News and Views 267, 
12; 1977). It would provide data on 
almost every major question in particle 
physics, and would also be able to sit 
at the mass of the neutral current 
intermediate boson and become a Z° 
factory—-mass producing the Z’ 
boson in a resonant mode so that the 
Z“ couplings to all the quarks and lep- 
tons can be investigated simultaneously. 
Next in usefulness come high energy pp 
storage rings. These will give us an idea 
of effects beyond the range of extra- 
polation of our theories and at energies 
which other kinds of machine cannot 
reach. Cosmic rays have given hints 
of odd behaviour at tens of thousands 
of GeV (tens of TeV), but it will be 
storage rings such as ISABELLE at 
Brookhaven New York, rumoured to be 
about to be funded in the next ERDA 
budget, which will make it possible to 
take such effects seriously. Fixed target 
proton machines such as the SPS and 
the Fermilab machine will always be 
needed to provide neutrino, muon and 
hadron beams. The Russians are plan- 
ning a 3 TeV machine and Fermilab’s 
1 TeV machine is still going ahead— 
now named the ‘Tevatron’. 

In the light of Bjorken’s discussion 
there was some disappointment among 
many physicists at the current plans for 
the CERN laboratories near Geneva. 
The only new project which is being 
asked for by the directorate is an anti- 
proton on proton colliding beam 
facility to be added to the SPS. Yet it 
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is now well known that the antiquark 
content of the proton is sufficiently 
large that a high flux pp machine like 
ISABELLE should produce much more 
quark—antiquark physics than any con- 
ceivable pp machine. The other 
suggested development for the SPS, an 
electron ring called CHEEP (though it 
will cost a little more than the anti- 
proton facility), has a great deal more 
theoretical backing. The quark—parton 
model was evolved in response to the 
first deep-inelastic electron—proton 
scattering results. If CERN builds 
CHEEP it will have a unique tool to 
investigate many anticipated high 
energy effects by way of deep inelastic 
processes which are much easier to 
understand than quark-—antiquark 
scattering. If CERN does not build 
CHEEP then it is possible that a pro- 
ton ring could be added to PETRA 
instead, but it seems improbable that 
Germany would maintain its present 
level of subscription to CERN if it had 
such an advanced home-based pro- 
gramme. 

Despite the inevitable arguments 
about tactics and despite the knowl- 
edge that funds will be hard to find if 
economic crises continue, there is con- 
fidence that the machines after PEP 
and PETRA will be built within a 
reasonable period. Bjorken mentioned 
something which particle physicists 
feel very strongly; the case for building 
the next generation of accelerators can 
be made more precisely and with more 
confidence now than has been possible 
for any previous generation of acceler- 
ators. Here is a field where progress 
must continue. g 


Recognition of 
lysosomal enzymes 


R. Colin Hughes 


In the late 1960s, Elizabeth Neufeld 
and her colleagues showed that ‘cor- 
rective factors’ secreted by skin fibro- 
blasts established from normal individ- 
uals could eliminate intracellular 
deposits of mucopolysaccharides that 
build up in mutant cells established 
from the skin of mucopolysaccharidoses 
patients. Such patients lack the parti- 
cular lysosomal enzymes to catabolise 
these substances in the normal way 
(see Neufeld et al. A. Rev. Biochem. 
44, 357; 1975; Dawson & Lenn in 
Handbook of Clinical Neurology 27, 
143; 1976). Later the ‘corrective 
factors’ were identified as precisely 
those lysosomal enzymes missing in 
each of the mutant cell lines (Bach 
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et al. Proc. natn. Acad. Sci. U.S.A. 69, 
2048; 1972; Cantz et al. J. biol. Chem. 
247, 5456; 1972; von Figura & Kresse 
Biochem. biophys. Res. Commun. 48, 
262; 1972). More recently, Sly et al. (J. 
Pediat. 82, 249; 1973) reported a child 
with a mucopolysaccharide storage 
disease due to a deficiency of $- 
glucuronidase whose fibroblasts were 
corrected by purified bovine or human 
enzyme (Hall et al. Archs Biochem. 
Biophys. 155, 32; 1973; Brot et al. 
Biochem. biophys. Res. Commun. §7, 
1; 1974). Since lysosomal enzyme defi- 
ciencies produce severe problems for 
the patients the encouraging idea of an 
enzyme replacement therapy prompted 
by these experiments has been pursued 
vigorously. Such efforts are likely to be 
aided by the impressive progress being 
made in showing how lysosomal 
enzymes added externally to cells find 
their way to the abnormal intracellular 
storage materials. 

This process involves specific pino- 
cytosis and apparently utilises part of 
the normal life cycle of these enzymes, 


which according to Hickman and 
Neufeld (Biochem.  biophys. Res. 
Commun. 49, 992; 1972) are first 


secreted to appear on the outside of 
cells and are then quickly taken up 
again by the same or adjacent cells to 
perform their enzymic function. Just 
why the lysosomal enzymes go through 
this complicated scheme is completely 
unknown. The important point is that 
one step in the proposed scheme in- 
volves recognition by fibroblast cell 
surface receptors. Some of the 
molecular features of this recognition 
are becoming clearer and there are 
several surprises. 

The removal of carbohydrate from 
human §8-hexosaminidase, which like 
most lysosomal hydrolases is a glyco- 
protein, was found to abolish its up- 
take by fibroblasts and led to the idea 


that recognition of the enzyme by 
fibroblasts involves a carbohydrate 
moiety (Hickman et al. Biochem. 


biophys. Res. Commun. S87, 55: 1974). 
The classic work of Ashwell and Morell 
had already shown that carbohydrate 
specificity was critically involved in 
recognition of glycoproteins by 
mammalian liver, a reaction that ex- 
plained the rapid clearance of these 
glycoproteins from the circulation. The 
properties of the liver cell receptor are 
such that only glycoproteins with 
terminal galactose residues are recog- 
nised and taken up by the hepatocyte 
(see Ashwell & Morell Trends in Bio- 
chemical Sciences 2, 76: 1977 for 
recent discussion). Although the con- 
cept is clearly similar this receptor is 
sharply distinguishable from the recep- 
tor on fibroblasts which mediates the 
uptake of lysosomal hydrolases. The 
clearest evidence on the molecular 


detail of this interaction so far has 
been obtained by Sly and his colleagues 
using human #-glucuronidase. 

Previous studies (Glaser et al. 
Archs Biochem. Biophys. 166, 536; 
1975; Brot et al. Biochem. biophys. 
Res. Commun, 57, 1; 1974) had shown 
that the enzyme appeared in two forms 
separable by a charge difference. Only 
the more acidic form, concentrated 
particularly in platelets but relatively 
scarce in placenta, was taken up by 
skin fibroblasts’ established from the 
patient with -glucuronidase deficiency. 
At the recent 1CN-UCLA meeting on 
Cell Surface Carbohydrates and Bio- 
logical Recognition in Keystone, 
Colorado, Sly reported (J. supramol. 
Structure Supplement (1977) in the 
press) the competitive inhibition of B- 
glucuronidase uptake by certain yeast 
mannans containing phosphate and by 
simple hexose phosphates, in particular 
p-mannose-6-phosphate. Furthermore, 
the high uptake form of the enzyme 
was converted to a less acidic low up- 
take form without loss of enzymic acti- 
vity by treatment with highly purified 
alkaline phosphatase. More detailed 
reports (Kaplan, Archord & Sly Proc. 
natn. Acad. Sci. U.S.A. 74, 2026; 
1977; Kaplan, Archord & Sly J. clin. 
invest, (1977), in the press) substantiate 
these suggestions for a novel receptor 
on fibroblasts that recognises hexose. 
phosphate on the lysosomal glyco- 
proteins -glucuronidase, B-hexosa- 
minidase and #-galactosidase. The same 
kind of recognition is involved in the 
uptake of acidic forms of B-glucuroni- 
dase from liver, urine, spleen and 
placenta and the hexosaminidase 
secreted by normal human fibroblasts 
also seems to contain the phosphohexo- 
syl group for the fibroblast receptor. 

Phosphorylated sugars are very 
rarely found in mammalian glyco- 
proteins. The sensitivity to alkaline 
phosphatase suggests a phosphomono- 
ester, similar perhaps to some forms of 
haemoglobin which contain terminal 
b-glucose-6-phosphate residues (Haney 
& Bunn Proc. natn. Acad. Sci. U.S.A. 
73, 3534; 1976). Davis et al. (FEBS Lett. 
65, 3035; 1976) recently reported the 
isolation of phosphoglycoproteins from 
rat brain and demonstrated phospho- 
mannosy! residues. Although phospho- 
mannosyl is a well known constituent 
of yeast glycoproteins, this is the first 
example found in mammalian glyco- 
proteins. 

Other workers (Hieber et al. Bio- 
chem. biophys. Res. Commun. 3, 
710; 1976; Fedn Proc. 36, 653; 
1977) have been interested mainly in B- 
galactosidase and believe mannose also 
regulates uptake of this enzyme by 
fibroblasts. Whether the mannose resi- 
dues are phosphorylated is not yet 
clear. Hieber et al., concluded that this 
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was a distinct uptake system different 
from that which mediates B-glucuro- 
nidase uptake. Hieber eż al. have, how- 
ever, shown that the glycopeptides (car- 
bohydrate chains containing just one or 
two amino acid residues) inhibit assimil- 
ation of -galactosidase by fibroblasts. 
The exciting implications of these find- 
ings are that such glycopeptides could 
serve as recognition markers to get pro- 
teins rather specifically and efficiently 
into cells and perhaps opens up the 
possibility of enzyme replacement 
therapy in diseases in which a ‘high up- 
take’ human enzyme is not readily 
available. 

Several questions concerning the role 
of the fibroblast surface receptor 
in lysosomal organisation are raised by 
these findings. It has been known for 
many years that -glucuronidase for 
example is bound to the inner surface 
of the lysosomal membrane. Is the same 
recognition marker used for this inter- 
action as that involved in pinocytosis? 
This is a distinct possibility since the 
inner surface of the lysosomal mem- 
brane (presumably carrying the specific 
receptor protein) appears on the outer 
surface of the cell during lysosomal dis- 
charge in the model of Hickman and 
Neufeld (op. cit.). Second, does the 
fibroblast surface receptor play a part 
in controlling the levels of extra- 
cellular and potentially lethal lysosomal 
enzymes? This may be so but collateral 
evidence has revealed yet another 
recognition system which, like that 
already discussed, involves mannose- 
rich carbohydrate chains of glyco- 
proteins but does not require these resi- 
dues to be phosphorylated. 

When rat lysosomal enzymes are in- 
jected intravenously in rats they are 
cleared from the circulation within a 
few minutes (Stahl et al. Nature 264, 
86; 1977; Proc. natn. Acad. Sci. U.S.A. 
73, 4045; 1976) and end up in the liver. 
The system is clearly different from the 
clearance of galactose terminal glyco- 
proteins, desialysed orosomucoid. by 
the Ashwell—-Morell system which 
resides in hepatocytes, since there is no 
inhibition of lysosomal enzyme clear- 
ance by orosomucoid unless both 
terminal sialic acid and galactose resi- 
dues are removed to expose N-acetyl- 
glucosamine terminals. According to 
Sly et al. (Fedn Proc. 36, 653; 1977; 
Biochem. biophys. Res. Commun. 77, 
409: 1977) clearance of human placenta 
B-glucuronidase in the rat was similar 
to that reported by Stahl et al. (op. cit.) 
for rat enzymes, and the liver clearance 
system was shown to involve Kupffer 
cells rather than hepatocytes. This 
clearance system was inhibited even 
better by mannose terminal glycopro- 
teins than by N-acetylglucosamine 
terminal glycoproteins. Clearance of N- 
acetylglucosamine terminal glycopro- 
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teins was antagonised by simultaneous 
injection of mannose terminal glyco- 
proteins and vice versa, suggesting that 
there are unlikely to be independent 
Kupffer cell receptors responsible for 
clearance of mannose or N-acetylgluco- 
samine-terminal glycoproteins respect- 
ively. Presumably the Kupffer cell 
receptor has relaxed specificity and 
binds to mannose residues present in 
both glycoprotein types. It has recently 
been suggested that the hepatocyte 
receptor also does not discriminate 
between galactose and glucose terminals 
in some circumstances (Stowell et al. 
Fedn Proc. 36, 653; 1977). In this 
property the mammalian receptors re- 
semble the plant lectins which in 
general also bind to several different 
sugars. Since both forms of 8-glucuroni- 
dase are efficiently cleared from the 
circulation, the Kupffer recognition 
system does not require a phosphory- 
lated site on the lysosomal enzyme, 
raising fascinating speculation on the 
potential role of phosphorylation in 


Diffusion in polymers 
from Paul Calvert 


SEMICRYSTALLINE polymers behave as if 
they consisted of two phases, crystal 
and amorphous, arranged in alternate 
layers. Most simple properties are a 
function of the fractional crystallinity 
but are insensitive to the structure or 
arrangement of the phases. Some recent 
measurements on the diffusion of chain 
molecules in polyethylene serve as a 
reminder that diffusion can tell us 
about structural details. 

According to the two-phase model a 
semicrystalline polymer consists of 
plate-like crystals of about 10 nm thick- 
ness separated by amorphous regions of 
the same size. The crystals have the 
same properties as hypothetical large 
crystals and the amorphous material 
should be the same as completely 
amorphous polymer. This idea works 
well for bulk properties such as density, 
modulus, heat capacity and expansion 
coefficient (see Wunderlich Macro- 
molecular Physics I, Academic Press, 
1973). There are probably crystal de- 
fects and special crystal surface struc- 
ture but they do not affect bulk 
properties. 

It seems reasonable that motion in 
the amorphous phase will be limited by 
the crystals, but in polymers such as 
polystyrene and polyethylene terephtha- 
late I am not aware of any evidence 
for a change in glass transition tem- 
perature or mobility between com- 
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deciding the circulatory fate and target 
cell of glycoproteins. 

In summary, therefore, the original 
findings of Ashwell and Morell have 
opened up to reveal a remarkable col- 
lection of cellular receptors for glyco- 
proteins. These receptors differ in speci- 
ficity according to cell type, for 
example the preference of the mam- 
malian hepatocyte receptor for galacto- 
syl terminals, the Kupffer and fibroblast 
cell receptors for mannosyl residues 
and phosphomannosyl residues respec- 
tively while the identification of the 
avian hepatic receptor as a binding 
activity for N-acetylglucosaminyl termi- 
nated glycoproteins (Lunney & Ash- 
well Proc. natn. Acad. Sci. U.S.A. 73, 
341; 1976) warns against extrapolation 
across species. The list almost certainly 
will continue to grow and underlines 
the feeling that carbohydrate structure 
is involved in a variety of recognition 
systems, and defects in such recognition 
may correlate with some human 
disease states. o 


pletely amorphous and partly crystal- 
line polymers. Boyer has suggested that 
this happens in polyethylene (Macro- 
molecules 6, 288; 1976) but the situ- 
ation is still confused. Intercrystalline 
links are chains running from one 
crystal to another stitching the struc- 
ture together (Keith & Padden J. appl. 
Phys. 42, 4585; 1971). These should be 
more frequent in quickly cooled 
samples where the crystals are small 
and have proved useful in explaining 
effects of molecular weight and cooling 
rate on mechanical properties. Unfor- 
tunately, no very convincing way of 
detecting them in normal samples has 
been found (although see Wunderlich 
Makromol. Chem. 175, 977; 1974). So, 
although strength and deformation be- 
haviour do depend on structural factors 
other than crystallinity, and although 
likely factors have been discussed, there 
is not much supporting evidence. Diffu- 
sion measurements could be very in- 
formative about this. 

Many measurements of diffusion of 
gases in polymers were made in the 
1950s and early 1960s when plastic pack- 
aging was becoming important (see 
Crank & Park Diffusion in Polymers 
Academic Press, 1968; Rogers in 
Physics and Chemistry of the Organic 
Solid State 2, Interscience 1965). It is 
probably these workers whom we 
should thank for the disappearance of 
the soggy potato crisp. In semicrystal- 
line polymers it was found that gas 
solubilities were proportional to the 
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amorphous fraction, implying that 
gases are excluded from the crystals. 
Michaels and coworkers (J. Polymer 
Sci., 41, 53; 1959: 50, 393, 413: 1961) 
described diffusion by D= D,/7B where 
Da is the diffusion coefficient in pure 
amorphous material, 7 is a ‘tortuosity 
factor’ dependent on crystallinity and B 
is an immobilisation factor which is 
dependent on the size of the diffusing 
molecule. They initially found that in 
branched and Ziegler polyethylenes + 
was proportional to amorphous content 
to a power between —1 and —2 rather 
than the expected inverse proportion- 
ality. In later measurements on linear 
polyethylene (J. appl. Phys. 35, 3165: 
1964) they did find diffusion to be 
simply proportional to amorphous con- 
tent in samples crystallised by cooling. 
By annealing, however, they could pro- 
duce samples of the same crystallinity 
but with different diffusion rates. This 
topic has essentially remained in this 
state since. 

Klein and Briscoe made measure- 
ments of the diffusion of long chain 
amides in polyethylene (Nature 257, 
386; 1975; Polymer 17, 481; 1976), and 
have recently extended this to study 
morphological effects on the diffusion 
of chain molecules (Nature 266, 43: 
1977; J. Polymer Sci. (Phys.) (in the 
press)). They envisage the diffusion of a 
chain molecule in the interlamellar 
regions as the motion of a large snake 
across the floor of a forest, winding 
amongst the intercrystalline links. This 
is based on the ideas of de Gennes 
(J. Chem. Phys. 55, 572; 1971: J. de 
Physique 36, 1199; 1975), and monte 
carlo calculations for two dimensional 
snake-like diffusion (‘reptation’) around 
obstacles by Doi (J. Phys. A 8, 417: 
1975). With some rather sweeping as- 
sumptions about the frequency of inter- 
crystalline links they are able to 
calculate relative diffusion rates for two 
compounds containing 45 and 25 
carbon atoms in rapidly and slowly 
cooled samples. The calculated ratios 
are in respectable agreement with ex- 
periment. The calculated and observed 
diffusion rates are faster in the more 
crystalline. slowly cooled, sample in 
contradiction to the results of Michaels 
for gases, and to simple crystallinity 
theories. 

At the moment this is a lot of theory 
based on little data, and there are many 
unanswered questions including why 
annealed samples are different from 
continuously cooled ones, why Eby 
found more rapid diffusion in film sur- 
faces (J. appl. Phys. 35, 2720; 1964) and 
whether diffusion is homogeneous 
throughout the spherulites. Nonethe- 
less, a quantitative theory is much 
better than a qualitative model and we 
should learn a great deal about mor- 
phology in proving it right or wrong. [1] 
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review article 


Mathematical models in applied ecology 


Gordon R. Conway* 








Since the 1950s there has been a growing interest in mathematical models as guides to harvesting fish and 
game or controlling pests and vector borne disease. So far there are few indications that we can use such 
models in day-to-day ecological management, but experience confirms that they have a powerful role to 
play in developing management strategies and in the formulation of policy. 





CONTEMPORARY research in applied ecology can be criticised on 
several counts: it is predominantly empirical, the effort is frag- 
mented into different fields and there is little attempt to link 
economic and social factors with ecological factors. These 
criticisms are by no means new. That they have to be repeated is 
a reflection of the considerable complexity of most problems in 
applied ecology and the very real intellectual and practical dif- 
ficulties of integrating principles derived from pure ecology 
with principles arising out of the social sciences. 

In the 1960s Watt laid the foundations for a coherent theory of 
applied ecology’. His starting point was the perception that all 
natural resource management fields are related to one another by 
common dependence on the science of ecology, and by a common 
concern with the problem of optimisation. He also recognised that 
they are universally characterised by processes such as dispersal, 
predation, competition and weather effects whose mathematical 
properties are typically non-linear and complex. The develop- 
ment of a theory thus also required the elaboration of a common 
set of analytical tools and mathematical models. 

Watt's pioneer efforts stimulated the development of a wide 
range of applied ecological models*~®. For the most part these, and 
earlier models, have been aimed at answering questions of 
strategy. Built on knowledge derived from the study of un- 
disturbed organisms in their natural environment, they have been 
directed at the strictly ecological problems of maximising harvests 
of domesticated or wild animals and plants and minimising 
populations of pests and diseases. Underlying their development 
there has often been a conscious search for those natural 
thresholds and non-linearities in the dynamics of populations 
which can be successfully exploited for harvesting or control. At 
their best these models have become powerful didactic tools, 
guiding research and determining policy. 

Strategic models, however, are purely ecological in orientation 
with no economic and social component. True policy models, 
which explicitly include these components, have so far been 
developed largely for fisheries, although in recent years they have 
begun to appear in the field of pest control. They are, of course, 
considerably more complex than strategic models but the few 
successful examples graphically demonstrate the critical import- 
ance of understanding the consequences of the interaction 
between the biological non-linearities of a system and those 
introduced by economic factors. 

More recently, a third kind of model has appeared bearing on 
the day-to-day decisions involved in the harvesting or control of 
a specific population. Such tactical models have the formidable 

task of coping in some detail not only with temporal and spatial 
heterogeneity, but also with the weather variables which tend to be 
dominant at the tactical level. As a consequence most are 
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formulated as computer simulations. So far, very few, ifany, have 
shown practical success. 

Together, strategic and policy models may be able to correct the 
deficiencies of much of today’s applied ecological research, by 
providing a stronger theoretical base, a sense of coherence between 
the different fields and an understanding of the nature of the policy 
questions and their answers. That may in turn lead to tactical 
models for use in everyday management. 

This review begins with a brief historical note, which is followed 
by a discussion of the relative merits of small and large scale 
modelling in applied ecology. The main body of the review 
examines the relative progress of policy, strategic and tactical 
models in the harvesting of fish and game and the control of pests 
and vector borne disease. 


Early models 


The origins of contemporary modelling lie in nineteenth-century 
epidemiology’ and demography* models. From the former there is 
a direct link to the model of malaria transmission developed by 
Ross at the beginning of this century””'*. His original work was of 
enormous significance not only in epidemiology but also in the 
broader field discussed here because he clearly established the 
critical implications of the non-linearities in the system for con- 
trol strategies (D. J. Bradley, inaugural lecture at the London 
School of Hygeine and Tropical Medicine). The model demon- 
strated that malaria could theoretically be eradicated without 
the need to eradicate the mosquito population as had previously 
been supposed: there was a critical threshold below which 
transmission of the malaria parasite ceased. 

The nineteenth-century demographic models provided the basis 
for early theoretical studies of harvesting strategies. In the 1930s 
Graham'? and Hjort et a/.'* independently drew attention to the 
management implications of the logistic equation as a model of 
population growth: 


dx/dt = Fx) = rx(1 — x/K) ad) 


where r is proportional growth rate and K is the asymptotic 
stable equilibrium, traditionally referred to as the carrying 
capacity of the population environment. For this model the 
maximum sustainable yield (MSY) of, say, a fish population is 
obtainable by harvesting at a level x = K/2. 

In subsequent decades few useful extensions were made to this 
basic work; it was not until the 1950s that progress was made with 
the development of a new generation of malaria and fish harvesting 
models and the first attempts to model agricultural and forest 
pests. 


Large scale modelling 


At the same time many ecologists became interested in the ability 
of modern computers and computer languages to mimic in detail 
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designed for a multidisciplinary team working on a continuing 
seminar basis. The procedure although flexible, is intended to ensure 
that ecological and management issues are raised simultaneously*° 


A suggested procedure for applied ecosystem analysis, 


the dynamic and structural complexity of ecological systems!5"', 
This interest played an important part in the evolution of the 
International Biological Programme?” 23 and inseveral of the IBP 
biome studies a central role was given to large scale ecosystem 
models. 

A common approach to ecosystem modelling, both in the IBP 
and elsewhere has been to define ecosystems in terms of series of 
compartments—producers, consumers and decomposers, and an 
abiotic compartment—linked by equations describing energy 
(carbon) flows and materials cycling. The resulting models are 
essentially mechanistic, the hope being that the sum effect of the 
modelled interactions between and within compartments is 
sufficient to provide predictions of changes in the ecosystem, 
particularly the biomass of its constituent species, over relatively 
short periods. 

A final assessment of the biome models would be premature 
now, since with some exceptions?*-*” the relevant documentation 
is unpublished. There is no doubt that the models have conferred a 
better understanding of the complexity of ecosystem structure and 
dynamics, particularly on those engaged in the construction of the 
models?!-?*. But so far there is little evidence that they have been 
useful in answering specific management questions?®. More 
successful in this respect have been aquatic ecosystem models 
which have taken both biotic and water quality into consideration, 
using mass balance equations?°-3!, These can be used, for example, 
to assess the effects of the siting and quality of waste water 
discharges on rivers, lakes and other bodies of water. In general, 
though, while energy and material budgeting provides a con- 
venient basis for linking ecosystem components the resulting 
models cannot easily be used by policy makers and managers 
whose prime concerns are the monetary and social outcomes of 
manipulating ecosystems. In practice, management issues are best 
served by purpose-built models??"**. 

The alternative approach is not to attempt, at least at first. to 
match complex ecosystems with complex models**, but to assume 
that their essential structure and behaviour can be understood and 
predicted through a limited number of key processes and that 
management problems can similarly be solved by altering a few key 
decisions**. The task of the applied ecologist then becomes that of 
identifying the key questions and of choosing such appropriate 
mathematical models as will provide the answers (Fig. 1). 
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This approach, with its explicit avoidance of large-scale 
models, carries no guarantee that important features of the eco- 
system will not be missed. However, in the absence of holistic 
models which are both sufficiently realistic and tractable it is 
probably more fruitful to concentrate on smaller-scale models 
designed to answer specific chosen questions, relying on multi- 
disciplinary interaction and the use of various graphic and flow 
diagram techniques to provide a holistic framework for the 
question posing. There is a greater likelihood of building 
models which are both practical and likely to contribute sig- 
nificantly to the emerging body of theory. 

The remainder of this review is devoted, with some exceptions, 
to models which are based either implicitly or explicitly on these 
assumptions. 


Vector borne disease 


The new malaria model? ™?®8 produced by Macdonald in the 1950s 
was based on that of Ross but was more biologically realistic, for 
example incorporating the possibility of superinfection. Central to 
the model is a function for the rate of malaria reproduction. for 
stable populations and static epidemiological conditions, of the 
form 


Zo = bCir (2) 


where Zo is the basic reproduction rate of malaria, or the number 
of infectons distributed in a community as a direct result of the 
presence of a single, primary non-immune case, b is a measure of 
the probability of a human becoming infected if he is bitten by a 
mosquito with sporozoites in its glands, r is the recovery rate in 
man and C, the vectorial capacity 


._ map 
C= 3 ask (3) 


where m is a measure of the density, a the man biting rate and p the 
daily survival rate of the mosquito population, and » the length of 
the parasite cycle in the mosquito. 

Formulated like that the model is an elegant and powerful 
didactic tool with important implications for the broad strategies 
of malaria control. Simple inspection of the model reveals that 
strategies of killing larval mosquitoes, or administering pro- 
phylactic or curative drugs have a linear effect on the malaria 
reproduction rate, through their respective impacts on the terms 7, 
b and r. However the strategy of insecticide spraying against the 
adult mosquitoes not only lowers mm but also reduces p, and since 
this term enters the function non-linearly, small reductions in p 
result in disproportionately large reductions in the reproduction 
rate. This insight has been important in justifying the reliance on 
adulticide spraying as a principal malaria control strategy since 
World War HH. 

More recently. however, an attempt to use Macdonald's model 
to guide a local field control project has met with failure®”. 
Simulation studies*®°, were used to prescribe the specific tactics for 
a strategy of chemotherapy combined with DDT spraying, aimed 
at interruption of malaria transmission in the Kankiya district of 
North-Central Nigeria, where earlier campaigns had failed. Part of 
the subsequent failure of the project was due to operational 
problems: the insecticide spraying was seriously delayed and 
proved ineffective against the particular vector population, 
Anopheles gambiae. {t also became clear, however, that there were 
fundamental problems in the formulation and application of the 
model. The problems, moreover. seem similar to those en- 
countered when attempts have been made to use models for 
tactical decisions in other fields such as fish harvesting or 
agricultural and forest pest control. 

First. Macdonald's model is too aggregated and thus ignores 
both spatial heterogeneity and the important population sub- 
divisions ofage and state: the parameter $, for example. subsumes a 
complex of different biological processes including the host 
immune response which results in different immunological classes 
in the human population. Second, even when parameters seem 
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Fig. 2 Dynamics of Schistosome transmission based on elab- 

oration of Macdonald’s model. The two isoclines for stationary mean 

worm load (1) and fraction of snails infected (2) intersect at two stable 

points and at an unstable ‘breakpoint’ M g below which the disease 
goes to extinction*’. 


valid and well defined, the survival rate p for example, they are 
often difficult to measure with accuracy in the field. Third, being 
essentially deterministic and designed for stable populations, the 
model is not appropriate for the specific local conditions in Nigeria 
which are characterised by a seasonal and explosive epidemics. 

Reviewing this episode Najera?’ acknowledges the value of 
Macdonald’s model in its time but argues for the development of a 
third generation of malaria models, reflecting greater biological 
realism and the change from the objective of malaria eradication to 
malaria control. A deterministic model developed by Dietz et al.*! 
which recognises seven distinct epidemiological classes in the 
human populations is a step in this direction. As with earlier models 
a threshold vectorial capacity is specified below which malaria 
cannot maintain itself, but unlike Macdonald’s model, where 
100%% endemicity is rapidly reached once the threshold is passed, 
the immune mechanism now realistically regulates the endemic 
level, and the model thus provides a truer measure of control in 
terms of the reduction in endemicity. Partial field tests have been 
applied to the model and it is currently being used to evaluate 
control strategies. 

Schistosomiasis has recently received increasing attention from 
mathematical modellers*?-5?. The disease is considerably more 
complex and much of the modelling effort has been focused on 
specific components of the disease cycle. There have, however, also 
been significant attempts to uncover the non-linearities in the 
overall life cycle of the disease which involves the transmission of 
the schistosome worms between the human and snail host. The 
classic model is again due to Macdonald®! who demonstrated the 
existence of a theoretical threshold or ‘breakpoint’ in the mean 
worm load in man, below which the disease goes to extinction (Fig. 
2). The model further revealed that the threshold condition is more 
sensitive to changes in the probability of transmission from snail to 
man than man to snail and led him to suggest that the strategic 
priority should go to ensuring safe water supplies rather than 
improved sanitation. Macdonald’s results have been modified by 
several subsequent workers: Bradley and May*’-5?, for example, 
have shown that the assumption of a non-random distribution of 
-worms in man significantly alters the threshold criteria. 

May also observes that further non-linearities are likely to be 
introduced in the schistosome model once the economic costs of 
control are considered. So far no-one has attempted to combine 
economic and ecological features in a vector borne disease model, 
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although cost-benefit estimates have been derived for a number of 
situations®>*~*°. Such estimates tend to be unsatisfactory because 
of the difficulty of obtaining realistic measures of benefits which in 
many cases are intrinsically unquantifiable. Loss of earning 
capacity as a result of morbidity or mortality can be calculated but 
there remains the problem of translating this loss into actual 
benefits following control, given the prevailing pattern of high 
unemployment and underemployment in the less developed - 


countries. For the present itis more important to incorporatecosts = 


alone into epidemiological! models, in particular so as to illuminate 
the changing cost pattern ofa control or eradication campaign asit 
nears its objectives. The recent collapse of several malaria control 
campaigns suggests insufficient understanding of how mainten- 
ance costs and operations are determined by the epidemiological 
features of low endemicity. A related issue is the interaction of < 
control campaigns for different diseases and the question of whenit 
is ‘safe’ to switch budget priorities from one control campaign to 
another. 


Harvesting 


Policy models which integrate ecological and economic factors a 


have been most successfully developed for fishery harvesting®”’. 
This is partly due to the ease with which the basic logistic model 
used to describe fish population growth can be manipulated and 
extended**°°. Despite, or perhaps because of, its simple assump- 
tions it has proved a powerful tool for illuminating fishery policy 
issues. The success of the 1946 Overfishing Convention has been 
attributed in part to Graham's forceful arguments based on the 
model®!. 

In the 1950s Schaefer? incorporated fishing effort into the basic 
equation 


dx/dt = rx(1 — x/K) — qEx (4) 


where E is effort (for example vessel-days per unit time) and q the 
catchability coefficient. Gordon®* then completed the economic 
formulation 


n(x, E) = pgEx ~ cE (5) 


where n(x, E) is net economic revenue, p and ¢ are unit price and 


Fig. 3 Instability of supply and demandin the open access fishery as 

revealed by the Schaefer model. For demand curve D, the equilibrium 

is at (2) or (4) dpending on the starting population. However, a slight 
demand shift to D, results in inevitable overfishing (5)°’. 
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Fig. 4 Present value curves for blue whale harvesting at 5%% and 

10% discount rates. The total present value (TPV) is the sum of the net 

depletion revenue (z,) obtained from depleting the initial stock 

(100,000) to the sustained yield level, and the present value of that 

sustained yield (PV(7s)). Using a simple Schaefer model the MSY 
would be at 75,000 whales equilibrium population’ !. 


cost, and used the model to show that in the open access fishery 
uncontrolled effort leads to an equilibrium at which total revenue 
equals total cost, so that the economic rent is completely dissi- 
pated. More recently several workers have extended his analysis to 
incorporate questions of supply and demand. For the open access 
fishery the supply curve for sustained yield is of the form 


Y = re — e/pK)/p (6) 


High prices thus lead to biological overfishing. If the elasticity of 
demand is also taken into account the instability of the system 
becomes even more apparent (Fig. 3)576465, 

The Schaefer model has played an important part in attempts to 
introduce some degree of regulation in otherwise open access 
fisheries. It provided, for example, one argument which led to the 
1966 ban on blue whale harvesting®®°’ and, in modified form, is 
currently used in calculating maximum sustainable yields (MSYs) 
and catch limits for all currently exploited whale stocks. 

In the last two years, however, a number of criticisms have been 
levelled at fishery policy based on setting MSYs and catch quotas 
in this fashion !??. Onecriticism stems from the deterministicnature 
of the models used. Beddington and May? demonstrate that in a 
randomly fluctuating environment the relative variability in 
population magnitude and hence yield increases systematically as 
harvesting effort increases. Moreover this effect is more pro- 
nounced when management is based on constant catch quotas 
rather than on a direct regulation of effort. 

A more fundamental criticism is that the economic analysis 
ignores the important capital component in fishery management. 
As Clark and Munro®”:”® forcefully point out a fishery is a capital 
asset and by definition its value is equal to the present value (PV) of 
the net future revenues it is expected to yield. In practice the 
commercial fishery aims not for an MSY but to maximise 


PV = f e7% — n(x, E)di (7) 
oO 


where 6 is the continuous discount rate per annum. 

Clark has illustrated the practical consequences of this assump- 
tion in terms of blue whale harvesting’!, where the maximum 
total present value is obtained at a stock level well below the MSY 
derived from a simple Schaefer model (Fig. 4). This result arises 
because the intrinsic rate of increase, r, of whale populationsisof the 
order of 5~10°4, which is similar to or often less than prevailing 
commercial discount rates. In many commercial fisheries the 
bionomic growth rate d/r is less than unity and the MSY is a 
sensible first approximation to a management goal but where ô 
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exceeds r, conservation can only be achieved by decisions which, in 
effect, replace the high commercial discount rate by a politically 
derived social rate. 

As a practical management tool the Schaefer model is also too 
dependent on the availability of a long run of catch data. It may be 
the only approach where age grading of fish is impossible but for 
the majority of commercial fish an age class model is feasible and 
indeed essential if the detailed population dynamics, and in 
particular any non-linear stock-recruitment phenomena, are 
allowed for adequately. The first significant advance in this 
direction was the Beverton and Holt model’? which gives the 
annual biomass yield Y in equilibrium for a population consisting 
of cohorts of all ages 


Y = RFexp(Fi,) j exp( — (M + Prii) di (8) 
us 


where R is annual recruitment, F and M the fishing and natural 
mortality coefficients, w(/) the weight which is usually computed 
by the von Bertalanffy function and p is the mesh size, so that 7, is 
the age when fish are first caught. The model can thus be used to 
prescribe management strategies in terms of fishing mortality and 
mesh size. Its main application has been for North Sea demersal 
fish stocks. Beverton and Holt recommended a mesh size of the 
order 110 mm for plaice and haddock with a 80-90 mm mesh to 
ensure survival of sole and whiting, and by the early 1960s 
minimum mesh sizes of that order were in operation in the North 
Sea®®, 

More recently, the Leslie matrix formulation’*~’® has been used 
to represent the age structure of fish and game populations subject 
to harvesting 


Jad 


Xi; = ADx; (9) 


the matrix A having elements 


fifori=1 
ay = |p, for cae | 

0 otherwise 
where f, and p, are the age specific fecundity and natural survival. 
The diagonal matrix D with elements 0; is the proportion of the /th 
age class surviving exploitation. The model has the merit of being 
conceptually simple and intelligible to non-mathematical biol- 
ogists, although accurate field measurement of the necessary age 
specific parameters may present difficulties. Beddington”® has, 
however, obtained reasonable estimates for red deer populations 
in Scotland. The harvest at equilibrium is given by 


q= 21 — O)n, (10) 


and this is inserted ina Cobb~Douglas production function for the 
yearly crop 


P = qX 3 = BX VEN? X3 (it) 


where the Xs are the number of stalkers, the area of the estate and 
the deer population respectively. Given the pattern of deer forest 
ownership in Scotland the estate size is not easily adjusted but the 
model can be used to provide a guide to the most profitable labour 
input. 

Models such as the Beverton and Holt and Leslie matrix 
together with a variety of simulation models developed in the last 
few years provide the beginnings of tactical harvesting models, but 
there are many formidable problems to be overcome. In particular 
there are practical and theoretical difficulties in obtaining dynamic 
optimisation solutions to age structure models. These problems 
will be compounded when attempts are made to produce tactical 
versions from the few existing policy orientated models for 
multispecies harvesting and when, eventually, harvesting models 
encompass the whole ecosystem7*-7°. 
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Fig. 5 Appropriate control strategies for pests categorised in terms 
of the r-K continuum*®, 


Pest control 


A further critical problem facing fishery ecologists is that of 
estimating parameters, in particular for density dependent pro- 
cesses®!-8°, The theoretical consequences of different functional 
forms of these processes have been understood for some time but 
there are very considerable difficulties in obtaining accurate data. 
Insect populations, by contrast, can be more easily observed and 
experimented upon, so that considerably more is known about 
their population dynamics. This is particularly true of the 
relationships between insects and their predators and parasites, for 
which there is a range of mathematical models that have been well 
tested against laboratory and, less well tested against field 
data®!~®°, 

Surprisingly, however, there has been little effort to use these 
models to formulate strategies for pest control. A notable 
exception is Hassell and May’s*®® analyses of the characteristics of 
insect parasitoids as agents of biological control. In a model which 
explicitly deals with spatial heterogeneity, population change for 
the host pests (X) and the parasitoids (P) is given by 


n 


Xia, = AX, y [aexp( — aleat P)! -m)] 


rag 


(12) 


and 


Puss = XM-Xay/A (13) 
where Ais the net rate of host increase, the {x} set defines the host 
distribution and u, a and m are measures of aggregation, searching 
efficiency and mutual interference in the parasitoids. In general, 
high levels of a lead to low equilibria and high levels of m and p to 
stability in the host population. Since highly specific parasitoids 
tend to show these features more markedly than polyphagous 
ones, it is argued that specific natural enemies are preferable as 
biological control agents where, for example in perennial orchards, 
equilbrium populations can be more readily maintained. 

Recently, Conway?” and Southwood®® have attempted to 
provide a stronger link between theoretical ecological models and 
practical pest control, by applying the r - K selection continuum to 
the choice of control strategies. They distinguish at one extreme, 
r-pests such as the desert locust, characterised by high rates of 
dispersal and highly damaging population explosions, and at the 
other extreme K-pests such as the codling moth, with lower rates of 
increase, regulated by competition and whose status as pests is 
achieved more because of the character of the damage they cause. 
In between lies a large category of pests normally regulated at 
various levels by parasites and predators. Sinple models®*-?° have 
been produced for the different categories and used to prescribe 
general rules for control (Fig. 5). Although these notions are still 
somewhat crude and oversimplified they provide the beginnings of 
a fairly rigorous strategy analysis for pest control. 
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A good example of the intelligent application of simple models 
of this order is in pesticide resistance. Again, surprisingly, there 
have been no attempts until very recently?!~°? to model resistance 
in spite of its critical importance in modern pest control practice. 
Comins?*-°* has, however, developed a deterministic Mendelian 
model which demonstrates, for example, the existence of a 
histeresis effect in the presence of migration from untreated 
populations, the population jumping from high susceptibility to 
high resistance as migration drops below a critical level. Density 
dependence is included in the model in the form 

Mai = AX ~® (14) 
where b is the density dependence coefficient. For perfect density 
dependence (b = 1) resistance time decreases with increasing kill 
but where the relationship is undercompensating (0 < b < 1) 
intermediate kills result in the fastest resistance. In general, for 
reasonable levels of density dependence it seems that resistance can 
be suppressed by using highly effective non-residual insecticides, 
strictly confined to the target population. 

“Simple density dependence models have also been used to 
explore the interrelationships between ecological and economic 
factors in pest control. In a study of the sugar cane froghopper, 
Aeneolamia varia saccharina, Conway et al°° show how the 
optimal spraying strategy is a function of the degree of density 
dependence between the different broods that the froghopper 
passes through in a season. In the absence of density dependence 
(b = 0) heavy spraying in the first brood is optimal but as the 
relationship goes from undercompensating to overcompensating 
(1 < b < 2) the spraying becomes progressively heavier in later 
broods. Models of this kind are not prescriptive but play an 
important part in determining which of a multitude of ecological 
factors merit further research before control decisions are made. 

Dynamic programming?” was used to arrive at the froghopper 
result and this technique has been used to derive optimal strategies 
for a number of pests?!-°?-°S-!°". Its usefulness is restricted by the 
number of variables which can be included, but if this problem is 
resolved dynamic programming has a considerable potential as a 
tool for day-to-day management. As Shoemaker has shown® the 
results can be presented as simple decision rules in graphic form 
(Fig. 6), which allow an optimal strategy to be pursued even when 
the outcome of earlier decisions has not been as expected. 

The problem of modelling age structure has also been tackled, as 
in harvesting models, by use of the Leslie matrix for- 
mulation®*°?, Recently Guttierez, Wang et al? have 
used a continuous form, which is time and age dependent, to model 
both plant growth and the pest population on cotton and alfalfa. 
They seem to have been fairly successful in obtaining appropriate 
data but in general age class parameters are difficult to measure in 
many insect populations. 

To date, most attempts at tactical models have taken the form of 
complex computer simulations. At worst they have suffered from 
the defects of the large-scale ecosystem models but there have 
been some notable exceptions, kept functional and useful because 
they have concentrated on the fairly circumscribed question of 
the optimal timing of pesticide application. Regev et al." have 
developed such a model for the alfalfa weevil, Hypera brun- 


Fig. 6 Optimal control strategies for the alfalfa weevil in terms of a 
standard insecticide spray (shaded area) and date of alfalfa 
harvesting!°°. 
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Fig. 7 Path of a single outbreak cycle of the spruce budworm in 
terms of living foliage per branch and different densities of branches 
per acre!!°, 


neipennis, and demonstrated that higher profit would accrue from 
earlier spraying in the season. Kiritani and his colleagues'°® 199 
have similarly used a simulation model of the dynamics of the green 
leafhopper Nephotettix cincticeps,and the Lycosaspiders which are 
its principal enemies to demonstrate the detrimental effects of BHC 
spraying which leads to destruction of the spiders and resurgence of 
the leafhopper, As a consequence the insecticide has been phased 
out from control campaigns in Japan. 

Perhaps the most successful simulation model has been de- 
veloped by Holling and his co-workers! ° for the spruce budworm 
(Choristoneura fumiferana) in New Brunswick. At first a very 
complex model, it has been progressively bounded so that the 
essential dynamics of the system (Fig. 7) can be represented in 
terms of a limited number of variables relating to the pest, its 
natural enemies, the three main tree species, weather and, 
significantly, space. The final model reproduces the budworn 
dynamics for a 17,000 square mile region in terms of 265 discrete 
subdivisions. The model has been used to derive strategies of 
control under a variety of objectives, one set of outputs being in the 
form of graphical decision rules (compare Fig. 6) for spraying and 
logging obtained by a Markovian optimisation procedure. 


Decision making 


Underlying most policy models is the assumption that the farmer 
or trawler owner is a profit maximiser and hence is risk neutral; 
that is he values each successive increment in income in the same 
way. In practice, however, resource managers, whether at the 
individual, corporate or national level, exhibit a wide range of 
attitudes toward the outcomes of their decisions. Norton!!! !!5 
has recently illustrated the problem in the context of pest control 
and demonstrated the value of Bayesian techniques in the relatively 
common situation where the farmer is risk averse; that is, he 
values initial increases in income far higher than later increases. 
For example Bayesian analysis of potato blight control in Eng- 
land with the objective of a long run average profit maximisation 
leads to schedule spraying in the Southwest and Fens and no 
spraying in the Southern and Northern Regions. Because of the 
high variance associated with no spraying, however, the risk 
averse farmer in the latter regions may decide to spray anyway. 
Bayesian analysis can be further usefully extended to assess- 
ments of the value of pest forecasting. It is often naively as- 
sumed that a forecast is always useful but in practice the value 
depends on critical threshold levels in the accuracy of the fore- 
cast. 
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Such decision making has eventually to be placed in the broader 
context of ecosystem and regional management, which is likely to 
have to resolve conflicting and often incommensurate objectives. 
The most promising of the multivariate decision techniques is 
multi-attribute utility analysis''*'!*, which has the advantage of 
dealing with uncertainty in a rigorous manner and of directly 
involving the decision maker in the definition and weighting of 
objectives. In common with other techniques, however, it is 
essentially static in that it seeks to identify an optimal plan which is 
adhered to for the forseeable future. But, experience shows that 
objectives change or hidden objectives become manifest and 
unsuspected and unforeseeable events arise to disturb the manage- 
ment plan. Walters'?® argues that this problem is compounded by 
a tendency for a wrong policy or design decision to beget further 
wrong decisions when dramatic problems arise so that, in practice, 
there is a progressive foreclosure of options. These are issues which 
have been addressed in the spruce budworm!!” and a related 
salmon study?” "°, A general conclusion is that the main goal 
of such studies and the models they generate is not to solve an 
economic maximisation function but to create some kind of robust 
system which is resilient to all conceivable ecological, economic, 
social and political change!?°:'?!. 


No unified theory 


It is very clear from this review that mathematical modelling in the 
fields of vector borne disease, harvesting and pest control has 
proceeded at different rates and in largely different directions, 
despite Watt’s vision of a unified science of resource management. 
Yet, it is also clear that each field could well profit from the 
experience of the others. Policy models, of the kind developed for 
fishery management are urgently required in both pest and vector 
borne disease control. Equally, the notions and models of density 
dependence that are being elaborated for pest control could 
provide a more powerful basis for determining strategies for 
harvesting and disease vector control. There is also a growing, 
albeit halting experience, in each field of attempts to incorporate 
the discrete variables of age, state and space in tactical models and 
to develop appropriately dynamic optimisation techniques, which 
needs to be shared. From this kind of cross fertilisation a common 
theory and practice of applied ecology could begin to emerge. 

I thank D. J. Bradley, C. W. Clark, R. M. May and colleagues at 
Imperial College for helpful comments and criticism. Financial 
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Ocean-floor magnetotelluric sounding 
over North Central Pacific 
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Observations on the sea floor of naturally occurring electro- 
magnetic signals reveal information on the deep structure of 
the Earth. Recent magnetotelluric soundings on the North 
Central Pacific have produced conductivity measurements 
which may relate to the partially molten zone or astheno- 
sphere on which the well lubricated oceanic plates slide. 





OBSERVATIONS Over a wide range of frequencies of slowly 
fluctuating natural electric and magnetic fields at the Earth’s 
surface can be used to infer the distribution of electrical con- 
ductivity in the Earth’s crust and mantle’?. Because of the 


strong dependence of the electrical conductivity of terrestrial 
materials on temperature and composition? the magne- 
totelluric (MT) technique is now accepted as a valid and 
attractive method of geophysical investigation on land*~*. 
Providing that electric and magnetic fluctuating fields can be 
recorded on the sea floor, the MT method is also applicable to 
indirect exploration of the oceanic basement although high 
frequency shielding by the ocean tends to mask the influence 
of crustal layers’. A recent MT sounding on the North Central 
Pacific suggests a rapid initial conductivity increase downward 
through lithosphere and upper mantle, weakening sharply and 
probably reversing trend around 180+-40km. The resulting 
high conductivity layer may relate to the partially molten zone 
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Fig. 1 Location of the observation station (26°35.9'N, 151°09.8’ 

W). The four elongated figures represent the ratio of the electric 

field to the magnetic field at right angle for four frequencies and 

with respect to the azimuth of the electric field. Important 
bathymetric features are also shown. 


or asthenosphere on which the well-lubricated oceanic plate is 
allowed to slide. 

The first suggestion of MT exploration at sea is in Cagniard’s 
original paper*, together with a symbolic diagram and the 
assertion that performing MT soundings on the ocean floor 
presents no special difficulty. In spite of Cagniard’s optimism, 
as well as the actual simplicity inherent in the principles of the 
MT method, its application to submarine geophysics has 
progressed extremely slowly, probably because of the natural 
hostility of the oceanic environment and the remoteness of the 
deep sea floor. 

The first MT success at sea was scored’ with a unidirec- 
tional MT sounding 600 km off Central California in 1965. In 
spite of many limitations, this contributed important confirma- 
tory evidence of the considerable difference between continental 
and oceanic lithospheres, thus enhancing interest in the MT 
method in offshore geophysics. Newer data'* collected in 1973 
in the West Central Atlantic are being analysed. Nevertheless, 
the anticipated contribution of sea floor MT to submarine 
geology and geophysics has remained unproven until very 
recently. 

In autumn, 1976, a new MT sounding was performed in the 
North Central Pacific with redundant equipment much superior 
to previously available instrumentation, see Fig. 1. As a result, 
the electric to magnetic field coherence and concurrently the 
resolution in characterisation of conductivity structure, im- 
proved enough to produce a meaningful structural picture of 
the local sea floor basement which seems compatible with other 
accepted knowledge. 

Fundamental to this recent advance was the development of 
instruments with extremely low drift and noise, yet with 
extremely high resolution (10-7 Vm~ and 0.2 nT). Electrode 
switching by means of a salt bridge chopper” permitted 
essentially total rejection of electrode noise. (The natural signal 
of the optimum silver-silver chloride electrodes*® is typically 
10° times larger than the signal to be recorded.) Conceptually, 
the magnetic sensors borrow from high grade fibre and magnet 
technology already optimised in the time of classical physics 
and from the most recent advances in modern optometrics. 


Recording MT fluctuations 


The first 2 weeks of a 3 week redundant recording cross coverage 
by two electric field recorders and two magnetometers are 
plotted on Fig. 2. H is the magnetic variation to the magnetic 
North, D to the magnetic East, and Z downward; E, and E, 
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are the horizontal electric field components to the magnetic 
North and East, respectively. 

If Fig. 2 were compared with similar records covering a long 
period of time the following would be noticed. The daily 
modulation of the various fields is smooth and regular, particu- 
larly with respect to component D, although high frequency 
signals are often present. This relatively quiet behaviour is 
consistent with the time of collection of data with respect to 
the 1l-yr sunspot and solar storm cycle which had reached its 
low point. The time reference in the above plot is Hawaii 
Standard Time (HST). Local noon at our station is therefore 
slightly early; the maximum descending slope of D at midday is 
slightly ahead with respect to noon, and the difference is 
consistent with the station longtitude. 

Although magnetic field disturbances (originated in the 
ionosphere and beyond, and controlled by fluctuations in the 
solar wind) as well as their electric field counterpart are 
numerous on the record, their amplitude is moderate to low, 
particularly with respect to the higher frequencies: in addition 
to the inherent low activity characteristic of the present solar 
cycle state, the shielding of the ocean greatly reduces such 
fluctuations above a few c.p.h. and essentially suppress them 
above 15 to 20c.p.h. Note that most intense electric fields 
occur when the rate of change of the magnetic field is highest, 
a fact well exemplified by the rapid excursion of H early on 24 
and on 27 August and the corresponding large electric spikes in 
E,, at right angle to H. 

The power spectra of the four components, H, D, Ex, E, 
have been calculated using a fast Fourier transform and band 
averaging as shown in Fig. 3; note that both spectra and 
frequency scales are logarithmic. The number of bands resulting 
in individual frequency estimates is not regular and is roughly 
five times larger towards the high frequency end. This choice is 
in part due to our effort to separate subtidal and intertidal 
bands which must be appreciably contaminated by the signals 
from strong oceanic tidal motions. (Electric fields of the 
motional type are generated by the displacement of oceanic 
water across the field lines of the Earth’s main magnetic field.) 
The tidal bands as well as the relevant spectral estimates are 
indicated: clearly their energy density is substantially higher 
than in the adjacent intertidal bands. This excess is split 
between ionospheric signals from the daily variation and 
oceanic signals, the latter contributing mostly in E, and E,. 
Because of the mixing of these processes these bands are not 
used in the analysis that follows. 

The reduced smoothness towards lower frequency is not 
simply due to the existence of the tidal peaks: in this area the 
the number of Fourier bands forming each estimate is reduced, 
being limited by the duration of the record available. But, the 
existence of another source of noise below 0.3 c.p.h. is strongly 


Fig. 2 Sea floor electric and magnetic variations for two periods 
of one week: H horizontal magnetic field to the magnetic north, 
D to the east, Z downward; E, horizontal electric field to the 
magnetic north, E, to the east. Time and scales indicated. 
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Fig. 3 Spectra of electric and magnetic variations. Notice special 

estimates corresponding to diurnal and semidiurnal tide bands, 

characterised by the higher energy density resulting from oceanic 
tidal motions. A, D; ©, H; @, Ex; a, E. 


suspected, with internal waves and internal tides as prima 
candidates. 

The spectra of H, D and E,, E, show very similar behaviour, 
characterised by a very steep slope toward high frequencies. 
Also, features in the otherwise rather straight spectral curves, 
such as a jog around 1 c.p.h. track well, D with respect to E,, 
and H with respect to E,, as expected. 

To the extreme right there is a sudden break toward a lesser 
slope in both H and D, occuring earlier in H than in D. This 
feature represents the instrumental noise contamination gener- 
ated by the tape recorder stepping motor. Its greater effect on 
H compared to D simply relates to the closer proximity of sus- 
pension H to the recorder. (Shielding and spacing has supressed 
this problem.) 

In the following, the individual Fourier spectra are used to 
calculate cross-spectra and coherencies between all pairs of 
electric and magnetic components. From these estimates both 
impedances Z(f) and admittances A(f) are independently esti- 
mated according to 
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where Zy etc., An, etc., are the elements of the impedance 
and admittance tensors Z(f) and A(f), with f the frequency, B(f) 
the vector magnetic field (H, D) and E(f) the vector electric 
field (E, E,). 

If the assumption fundamental to the originally described 
MT method of an isotropic horizontally layered basement were 
to be satisfied, in the absence of ionospheric contamination", 
(1) the diagonal elements of Z(f) and A(f) would be zero (the 
induced electric field is at right angle with the inducing field), 
(2) the absolute value of the antidiagonal elements would be 
equal and independent of the reference frame orientation and 
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(3) Z(f) would be the exact inverse of Af). 

In the presence of a contamination of electric and magnetic 
signals, equations (1) and (2) relate to the alternate assumptions 
that all noise affects only the electric, equation (1) or only the 
magnetic field, equation (2). 

The hypothesis of isotropy can be easily tested visually by 
plotting the ratio of E to B at right angles to E as a function 
of the azimuth of E for various frequencies, see the result in 
Fig. 1. The moderate degree of elongation of the expected 
ideal circular patterns is consistent with a relatively minimal 
anisotropy. This situation greatly simplifies interpretation of the 
observed electromagnetic signals. 

In the absence of precise knowledge concerning the distri- 
bution of noise in E and B we have assumed at first that both 
E and B are equally affected. We have in addition retained the 
combination of Zx» and Z „u which, according to Berdichevskiy® 
minimises the effect of possible local heterogeneity of the 
conductivity distribution. The impedance thus arrived at and 
used in the interpretation is 


Z= (Zett/ Aer)? (3) 
where Berdichevskiy’s Zerr effective! is defined by 

Zer = $ (Ziv ~ Zyn) (4) 
and with Aert = 4 (Any — Avx) (5) 


The resulting set of 12 impedances (sometimes called MT 
ratios, E/B) are plotted in amplitude and phase in Fig: 4 
together with error bars at 95°% confidence level (the frequency 
scale is logarithmic). The dotted line represents the impedance 
function characteristic of an isotropic horizontally layered 
model optimum with respect to the observed impedances. 


Fig. 4 Impedances, or magnetotelluric ratios, derived from 

crosspectra between electric and magnetic signals, in amplitude 

(lower box) and phase (upper box). Error bars are indicated at 

the 95% confidence level. - - - @ - - -, the optimum model; +, | 
observations. 
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Conductivity distribution and depth 


The method used to select the conductivity distribution with 
depth that best fits the observations will now be outlined 
briefly; 12 frequency estimates are available providing 12 
amplitudes and 12 phases, thus a total of 24 constraints in a 
least square fit of the model predictions. The allowable number 
of model parameters thus must be substantially less than 24. 
With each horizontal layer involving thickness and conduc- 
tivity--thus two parameters—a realistic model should include 
appreciably less than 12 layers. Using n layers with pre- 
determined thicknesses and conductivities the resulting im- 
pedances are calculated. The mismatch model to observation is 
estimated in terms of the variance between observed and 
predicted impedance functions. 

The effect of changing the conductivity on the variance is 
then studied for each layer and improved conductivity values 
are updated accordingly. Convergence is rapid for the layers 
well characterised by the available cross-spectral estimates. 
From this rate of convergence, or equally well from the sen- 
sitivity of the variance to small conductivity changes, important 
implications result about the validity of the optimum model and 
the range of conductivity values acceptable in the various layers. 

Following these guide lines we propose for the conductivity 
dependence with depth and for its range of uncertainty the five 
layer model with infinite half space substratum shown on 
Fig. 5. The layers are horizontal and isotropic. Their thick- 
nesses are, from top downwards 60, 80, 80, 100 and 150 km 
respectively. 

The layers best defined by the set of available impedances and 


Fig. 5 Optimum six layer model of an isotropic, horizontally 

layered sea floor structure. Shaded area indicates range of un- 

certainty. Best resolved layer is layer 3, with a significantly high 

conductivity probably related to the asthenosphere. Estimates 
from other authors also shown. 
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in the order of decreasing resolution are 3, 2 and 4; the increased 
uncertainty in layer } adjacent to the ocean results from the 
high frequency cut off due to oceanic shielding, while decreasing 
resolution below layer 4 is a consequence of the low frequency 
impedance unreliability, itself related to the finite record length 
and increased oceanic motional noise. The influence of this 
signal is strongly supported by the much higher interpretability 
of the impedance estimates when noise contamination is assumed 
to be affecting mainly the electric field. 

Earlier estimates of the Earth’s electrical conductivity with 
depth are also shown in Fig. 5 as interpretative background, 
namely global averages proposed by Lahiri and Price® (LP) 
and Parker!’ (P), Larsen’s profile below Hawaii'* (L) and 
Filloux’s profile! (F) 600 km offshore from Central California. 
The implied conductivity at the observation site is intermediate 
between that proposed by Lahiri and Price on the low side and 
that of Parker on the high side. A conductivity maximum is 
strongly suggested by the high conductivity average over an 
80 km thickness in layer 3, with the value of 0.065 S m~. The 
actual conductivity maximum may, of course, be much higher, 
with a correspondingly smaller thickness. Its most probable 
depth of occurrence ranges within 180-40 km. 

Although not very well resolved, the crustal conductivity is 
moderate to low, which is consistent with a sediment layer only 
a few hundred-metres thick and with the relatively old age of 
the local lithosphere: the matching seafloor spreading magnetic 
anomaly" corresponds to reversal number 31 and to a plate age 
of 72 Myr (ref. 20). 

The probability of a high conductivity tongue within layer 
3 should be tested against processes implied by our present 
understanding of plate tectonics and ocean floor spreading, and 
against profiles of other physical properties of terrestrial 
materials over the same depth and, if possible, the same area. 

A most attractive and immediate implication is that layer 
3 contains the shear and partly molten layer or asthenosphere 
between mantle and lithosphere which permits plate motion. 
This view is in rough agreement with the range of occurrence of 
the oceanic low shear velocity layer®!, namely 130-270 km. It 
is also compatible with Odegard’s interpretation of the Canni- 
kin/airborne experiment?? which suggests for an area broadly 
inclusive of our station, a low P-wave velocity layer extending 
from 210 to 320km. Indirect estimates, however, of the 
lithospheric thickness**** suggest only 75km for the local 
plate age. The discrepancy may be more apparent than real, 
relating to the still little known thickness of the asthenosphere 
in general and to the presently limited information concerning 
electrical conductivity of mantle materials, itself closely de- 
pendant on temperature and small changes in composition’. 

The other MT profiles available from not-too-distant areas, 
that of Larsen (L), Fig. 5, and that of Filloux (F), like the 
present one predict or imply high conductivity layers and 
probable inversions. [t is logical to attempt to relate these 
features and to tentatively predict that their significance may 
have something in common. Certainly the very high conduc- 
tivity at a very shallow depth in the F profile is compatible with 
a much younger lithospheric age, about 32 Myr. The extremely 
high conductivity maximum in Larsen’s model occurs at a 
considerably greater depth and may relate to the origin of the 
Hawaiian island chain. 

In conclusion, and to give the foregoing analysis a realistic 
perspective, future MT sea floor work can be carried out with a 
considerably improved efficiency. Specifically, the following 
advantages can be readily attained: (1) longer records, up to 
one year, can be achieved with existing technology: (2) the 
frequency range can be readily extended upward by a factor of 
4 and perhaps occasionally by a factor of 8 to 16; (3) broad 
coverage with instrumental arrays shall permit study of 
multidimensional structures such as spreading centres, sub- 
duction zones where old crust is consumed and trenches, island 
chains and arcs; and (4) magnetic activity, at a low during the 
present experiment shall progressively rise during the next five 
years, providing more energetic ionospheric fluctuations, thus 
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allowing improved resolution in general, and particularly in 
shallower crustal structures. 
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Deep-sea carbonate and the deglaciation 
preservation spike in pteropods and foraminifera 
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The aragonite compensation depth fluctuated consider- 
ably during the last 20,000 yr. This fluctuation cul- 
minated in a preservation spike at about 14,000 yr BP. 
The aragonite preservation stratigraphy parallels that 
in calcitic foraminifera, and constitutes part of a world- 
wide phenomenon signalling considerable changes in 
ocean chemistry and providing a useful tool for 
correlation. 





THERE is abundant evidence that the effects of carbonate 
dissolution on the deep sea floor changed considerably as a 
result of Pleistocene climatic fluctuations. Within the last 
20,000 yr, there has been a drastic worldwide drop of the 
aragonite compensation depth and of foraminiferal 
preservation levels during deglaciation, and a subsequent 
rapid rise to the present position. This fascinating pheno- 
menon, which was a geologically almost instantaneous 
preservation pjulse of ‘spike’, is the subject of this article 

The deglacial preservation spike was reported by the 
marine geology group at Kiel, working from the research 
vessel Meteor on the continental slopes off Portugal and 
Morocco’™*. It expresses itself most commonly as a 
pteropod-rich layer, at the very end of the last glacial. The 
interpretation of this event is complicated by evidence for 
downslope redeposition. However, in many cases the ptero- 
pod layer does not seem to be associated with redeposited 
material, and a change in dissolution effects seems indi- 
cated as pointed out by Diester-Haass*. More recently, she 
proposed mass mortality of pteropods to explain the pheno- 
menon’. 

Recent evidence from the western equatorial Pacific’* 
indicates that the deglacial preservation spike is a world- 
wide event. Shackleton’ has drawn attention to this pos- 
sibility and has commented on some geochemical 
implications of such an event. 

Before turning to such implications, of which there are 
many, let us review briefly the evidence for the preservation 
stratigraphy from the last glacial to the present, that is, 
the last 20,000 yr. 


Evidence for preservation stratigraphy 

A drastic rise in the calcite compensation level at the 
glacial-Holocene boundary was recognised in the North 
Pacific’ on the basis of published foraminiferal data”. 
Quite generally, there are fewer calcareous foraminifera in 


Holocene sections of cores from the North Pacific than 
in the underlying glacial ones'*; the change has been 
dated at 12,500 yr Bp’. Analogous observations were made 
elsewhere (East Pacific Rise; Equatorial Pacific’; Anda- 
man Sea). The recognition of a Holocene dissolution. 
pulse led to a reinterpretation of Arrhenius’s carbonate 
cycles in the equatorial Pacific’ in terms of dissolution 
cycles*’-** with increased dissolution during interglacials, 
as suggested earlier by Olausson’*. Subsequently it was 
discovered that the dissolution cycles appear shifted with 
respect to the glacial-interglacial cycles”. One type of 
shift can be produced by centering a carbonate preservation 
maximum on deglaciation, some 4,000 yr after the glacial 
maximum. 

On examining the literature, it becomes evident that 
such a preservation spike exists not only in the eastern 
North Atlantic’ and in the west equatorial Pacific’, 
but also in the Caribbean and in the Gulf of Mexico”, on 
the western slope of India®**, and in many places in the 
deep sea, although here slow sedimentation rates and wide 
spacing of sampling intervals make recognition subject 
to doubt in each individual case (Atlantic: refs 31-33; 
Pacific refs 22, 23, 25). 

The magnitude and the timing of the preservation pulse 
can be assessed. The pteropod data from the slope off 
NW Africa’ indicate that the euglacial ACD (lower depth 
limit of pteropods) stood at 1.5km, the deglacial one at 
3.5km, and the postglacial one at 0.5km (Fig. la}. The 
corresponding ACD levels in the western equatorial Pacific 
are 1km (?), 1.7km, and 0.5km (Fig. 1b). Similar fluc- 
tuations can be documented elsewhere and in shells other 
than pteropods (Table 1). 

It will be noted that preservation during pre-deglacial 
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Table 1 Magnitude of preservation spike in calcareous shells 





Type of Depth (km) during 

level Area Post-G. De-G. Eu-G. Source 
ACD Off NW Africa 0.5 3.5 1.5 Refs 3, 4 
ACD Off Portugal 1.1 3.6 2.8 Ref. 2 
ACD Off W India 0.3 2.5 1.2 Ref. 29. 
ACD W. Eq. Pacific 0.5 1.7 KD This article 
RCD W. Eq. Pacific 2.8 3.8 3.1 This article 


meeneem 


ACD: lower depth limit of pteropods. RCD: lower depth limit of 
Globigerina rubescens, a planktonic foraminifer that is highly suscept- 
ible to dissolution. Post-G.: postglacial. 
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Fig. 1 Excursion of the compensation depth for pteropods 

(PtCD) and for Globigerina rubescens (RCD) during the transi- 

tion period from glacial to Holocene time. a, Off NW Africa, 

based on data given by Diester-Haass (refs 3 and 4). b, Western 
equatorial Pacific, own data. 


(‘euglacial’) is indeed better than during postglacial time, 
in agreement with earlier assessments based on accumula- 
tion rate comparisons”. However, the preservation story 
is clearly more complicated than a simple glacial~inter- 
glacial dichotomy would suggest. 

The timing of the preservation spike is of crucial im- 
portance if the geochemical driving mechanisms are to 
be discovered. The data in Kudrass’ suggest that the spike 
is centred in 13,500 yrpp. Our own data from the 
equatorial Pacific’ and those of Chen and of van Donk 
(in ref. 20) indicate maximum preservation during maxi- 
mum change in the oxygen isotope signal. In the Gulf of 
Mexico, this period of maximum change is dated at about 
15,000 yr to 12,500 yr pe’, although the exact timing is 
in some dispute. In the west equatorial Pacific, the period 
of maximum change (and the preservation spike) seems 
to be close to 14,000 yrpe (ref. 8). The same period is 
centred between 13,500 and 14,000 yrBp in the dated 
isotope sequence of a core in the equatorial Atlantic’’. One 
may conclude that the spike has its maximum at about 
14,000 yr BP. 

The spike is narrow, perhaps no more than 1,000 yr wide. 
Considering the effects of bioturbation, the resolution of 
such an event in deep sea cores represents the limit for 
this type of record. A further constraint on the timing is 
given by the rapid increase of dissolution following this 
spike, starting at about 13,000 yrsp’*'*. In fact, the very 
recording of the rapid onset of the dissolution pulse in 
deep sea sediment, despite benthic mixing and the presence 
of good preservation immediately preceding it, strongly 
suggests a flip-flop situation, with a dissolution spike im- 
mediately following a preservation spike. 


Geochemical and stratigraphical implications 
What are some of the geochemical and stratigraphic im- 
plications of the deglacial preservation spike? 

Fundamentally, we can enhance preservation of car- 
bonate in deep waters by increasing saturation, by decreas- 
ing the speed of bottom currents, or by suddenly increasing 
sedimentation rate, for example, by redeposition. I suggest 
that a combination of these factors is at work, rather than 
any one process. First, let us examine saturation. 
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The thermodynamic equations on which saturation deter- 
mination depends contain the following alterable terms”: 
(1) partial pressure of CO, and (2) temperature and 
chlorinity. Availability of CaCO; (3) enabling reactions 
to proceed towards equilibrium, also is a variable in the real 
ocean. We see that the first item refers to a property of 
the atmosphere, the second to the water itself, and the 
thir to conditions at the sea floor. 

To enhance preservation then, the following possibilities 
arise: 
®© Lowering of the CO, pressure in the atmosphere. 
Shackleton? has suggested that the rapid growth of the 
biosphere during deglaciation would lead to extraction of 
CO: from the atmosphere-ocean system, and hence result in 
improved preservation of carbonate. Both a change from 
glacial aridity to postglacial humidity in tropical latitudes* 
and the recession of tundra and ice would be responsible 
for this ‘biosphere effect’. If one adds the dead carbon 
(‘thanatosphere’) that would build up together with the 
growing forests and below the rising sea level, this effect 
could indeed be substantial—of the order of 1% of the 
entire ocean-atmosphere CO; content. In areas of gentle 
depth gradients of saturation, such a change could result 
in marked excursions of the dissolution level. One problem 
with accepting Shackleton’s biosphere effect as the main 
or sole factor is the timing of the major changes 
in floral cover. Apparently this major change is not cen- 
tred on 14,000 yr BP, but rather occurs between 13,000 yr 
and 10,000 yr ago*’**, that is, during the dissolution pulse 
rather than the preservation spike. 

@ Increase in temperature of deep ocean waters. Wey!" 
speculated that abyssal waters would have warmed during 
glacials and Worthington” pointed out that a low-salinity 
meltwater lid due to deglaciation would lead to stagnant 
bottom waters, affecting carbonate preservation. There is 
indeed evidence for such a glacial warming of deep 
water", at least in the Atlantic Ocean. This ‘glacial bot- 
tom water effect’ does not seem to be focused enough 
to account for the preservation spike, although it must be 
taken into account in the overall glacial-postglacial 
preservation fluctuations. 

@ Decrease of the chlorinity of deep ocean waters. The 
addition of meltwater eventually decreases chlorinity by 
some 3%. This is most likely done with run-off water, which 
brings its own dissolved load of calcium carbonate. The 
exact effect on saturation of the ocean as a whole would 
seem to depend on the magnitude of this load, which 
would depend on the rate of recycling of the water, through 
continuous evaporation and precipitation, during the time 
of net addition to the ocean, and on the rate of concomitant 
chemical erosion. 

@ increase of availability of CaCO; in abyssal depths. There 
is considerable evidence for large-scale redeposition of 
shallow water sediments in the Late Pleistocene, including 
pteropod-rich sedimements*”*'*:***. Such transport makes 
carbonate particles available at abyssal depths. Here bottom 
waters are greatly undersaturated and are able to dissolve 
such particles at a maximum rate. On rising, therefore, 
these waters will quickly reach saturation values which 
preclude rapid attack of calcareous shells. The timing of 
this ‘neutralisation’ of abyssal waters seems to be correct. 

Two more possibilities can be added, considering that 
the ocean is not in equilibrium: 
© Decrease in the rate of extraction of carbonate in surface 
waters, by calcareous organisms. A reduction of precipita- 


tion of shells in surface waters will increase the overall 


saturation of the ocean with the respective substance and 
therefore enhance preservation*’’. (Thus, the relationship 
between overall fertility and preservation of biogenous 
sediments is exactly the reverse of that usually suggested.) 
It is possible that a rapid dumping of meltwater, combined 
with incomplete mixing, would temporarily reduce produc- 
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Fig. 2 Compensation depth fluctuations as a response to a dis- 

‘turbance (for example change in supply). The amplitude of the 

_Tesponse is strongly governed by the depth gradient of dissolution, 

and its relationship to the disturbance. The reaction of the system 

to a given disturbance provides insights into the state of under- 
saturation. 


tivity, although there is no evidence for such a ‘fertility 
effect’. 

© Increase in the rate of supply of alkalinity to the ocean 
as a whole. The redeposition of shelf carbonates (the fourth 
item, above) constitutes addition of alkalinity. Also, the 
alkalinity supply may be increased during deglaciation by 
an increase in the suspended and dissolved load of river 
input, through erosion of glacial weathering products (loess, 
calcareous desert crusts, morainal debris). If conditions 
fluctuated between arid and humid and before the plant cover 
could re-establish itself, this would provide for maximum 
erosion. Also, sea level was still considerably depressed, 
leaving the upper shelf areas exposed for erosion, and 
facilitating bypassing of the lower ones by the sediment 
introduced. Considering the evidence for transport of 
terrigenous and shelf deposits into abyssal waters, the 
‘neutralisation effect? could have operated earlier, on a 
reduced level, throughout glacial conditions, aided by 
additional supply whenever arid conditions changed to 
humid. 

It should be noted that the type of stagnation visualised 
by Worthington”, due to a hypothetical meltwater lid, 
should lead to a decrease in bottom currents (enhancing 
preservation) but also to a build-up of CO, (enhancing 
dissolution). In this scenario, when ocean mixing finally 
catches up with the meltwater, CO, is released to the 
atmosphere, and a climatic optimum ensues. Increased 
CO», together with rapid extraction of carbonate on the 
flooded shelves, probably accounts for the dissolution pulse 
following the preservation spike. 

It is obviously. tempting to go on speculating about the 
relationship between CO, fluctuations and preservation and 
dissolution pulses, especially in view of the man-made CO» 
input to the atmosphere and its presumed ultimate effects 
on carbonate deposition and climate’. Suffice it to say that 
the type of analysis presented here, which is an example 
of preservational stratigraphy, has considerable potential 
for palaeoclimatic studies in the deep sea as well as in 
shallow waters“. 

The most obvious use of the preservation spike is for 
correlation and dating of deep sea cores. Relative preserva- 
ition aspects can be determined extremely rapidly by visual 
inspection, for example, by noting the degree of fragmenta- 
tion of foraminifera in the fine sand fraction. Thus, the 
peak preservation is easily found. We have already made 
considerable use of this method in the deep-sea sediment 
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laboratory at the Scripps Institution of Oceanography. A 
word of caution is in order, however. Before determining 
sedimentation rates by this method, the displacement of 
a spike by benthic mixing must be considered. This dis- 
placement is downward, by up to one mixed layer thickness, 
depending on the ratio between the thickness of the layer 
and the thickness corresponding to the actual duration of 
the event. For example, a rate of 1.93 cm per 1,000. yr would 
be calculated for the pteropod-containing core Bx 92 (Fig. 
1b), if the centre of the pteropod preservation spike. at 
27cm is divided by 14,000 yr, the estimated age of ‘the 
event. Allowing for a mixed layer of 6 cm (ref. 17), and a 
duration of the spike of 2,000 yr (34cm), the offset 
is 4.5-4cm (mixed layer thickness minus one-half the 
width of the event, see ref. 49). Thus, the actual sedimenta- 
tion rate, under these assumptions, is closer to 1.6 cm. per 
1,000 yr than to 1.9 cm per 1,000 yr, a non-trivial correction. 
The problem is not restricted to’ the dating method pre- 
sented here, but is of a general nature. It is negligible only 
in cores with high sedimentation rates. 

One final note of caution in interpreting the significance 
of preservation fluctuations: a change in preservation: is 
a result of both the condition of the system (sensitivity, 
that is, depth gradient of potential dissolution rate) and 
the strength of the agent of change (disturbance, resulting 
in a change in the record). Depth gradients of dissolution 
can change both in space’ and in time™”**. Disturbances - 
of similar magnitude, therefore, can produce greatly differ- 
ing amplitudes in preservational signals (Figs 2a, b). 

In fact, the response amplitudes of high frequency ACD. 
and CCD fluctuations through time may be a useful tool 
for determining variations in the strength of the depth 
gradient of undersaturation in the deep ocean. For example, 
relatively small disturbances in Late Cretaceous carbonate 
sedimentation in the central Atlantic apparently were res- 
ponsible for large CCD excursions” presumably due to 
high sensitivity of the system (gentle dissolution depth 
gradient), In comparing the record of marginal seas to 
that of the open ocean, it must be kept in mind that these 
seas may not play exactly the same tune as the open ocean. 
Thus the Late Pleistocene and Holocene preservation 
stratigraphies of the Mediterranean, the Red Sea, the Sea 
of Japan and the Arctic Ocean are entirely different from 
the one described here (see refs 28, 58, 59). 
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The crystal structure of a 3: 2 complex of the frameshift 
mutagen proflavine with the dinucleoside phosphate 
cytidylyl-3’5’-guanosine has been determined. The 
complex has one drug molecule intercalated between 
Watson-Crick base pairs of the nucleotide duplex. The 
other two proflavine molecules are bound to the exterior 
of the miniature double helix. The orientation of the 
base pairs in this miniature double helix has aspects 
similar to that found in RNA 11. 





Ir is well established that many drugs and carcinogens act 
by binding to nucleic acids; both nuclear double-stranded 
DNA and RNA have been shown to be targets for such 
interactions’. Many such drugs are characterised by a 
planar aromatic structure, and the acridines, in particular, 
have been the subject of much study’. The concept of drug 
intercalation between adjacent base pairs of the nucleic 
acid, first introduced by Lerman’, accounts satisfactorily 
for many observed properties of drug—nucleic acid com- 
plexes, and is widely accepted. Intercalation is believed to 
be responsible for the activity of many of these drugs as 
frameshift mutagens**. In addition, intercalation, and the 
subsequent unwinding of nucleic acids, has emerged as an 
important tool in the study of superhelicity”'. 

Intercalation necessitates an alteration in the geometry 
of the double helix at (and, presumably, adjacent to) the 
actual binding site. In normal B DNA the turn angle of 
rotation between adjacent nucleotide residues is 36°. In 
the original model for intercalation’ the helix uncoils by 
45° from this value. Subsequent studies’? using various 
drugs including proflavine provide support for the inter- 
calation hypothesis although the degree of concomitant 
unwinding remains uncertain with values ranging from 
—45° to 12°. Linked atom refinement techniques" have 
been used to define further both the degree of unwinding 
as well as the exact conformational features of DNA 
complexed with proflavine. 

Profiavine (Fig. 1) is involved in more than one mode of 





binding’’*. In addition to the strong intercalative process 
which occurs at low drug levels, there is a weaker binding of 
the drug, presumably external to the helix. Temperature- 
jump relaxation kinetics data"! show, however, that the 
strong binding process is itself a complex one, involving as 
an initial step, externally-bound drug molecules. It is 
apparent that a realistic visualisation of proflavine-DNA 
binding should involve both factors. 


NH, NH3 


IT-2 


Fig. 1 A profiavine cation. 


We have determined the crystal structure of a complex 
between proflavine and cytidylyl-3’,5’-guanosine (CpG) (Fig. 
2), in the hope that this would serve as a model for pro- 
flavine—nucleic acid interactions. We were encouraged in 
this belief by analyses of two other dinucleoside mono- 
phosphates™™, which showed the features of an RNA-like 
miniature double helix, and of several drug—dinucleoside 
phosphate complexes™™ which demonstrated intercalative 
binding. The proflavine-CpG complex was deliberately pro- 
duced without any heavy atoms so as to avoid the pos- 
sibility that they might perturb the structure. 


Crystallographic analysis 


Large, well formed single crystals of the complex were 
produced from an aqueous solution of proflavine hemi- 
sulphate and free acid CpG. The crystals showed triclinic 
symmetry, space group PI, with cell dimensions a = 
16.098 A, b= 16.755 Å, c= 12.933 A, a= 112.67°, 
B = 113.69° and y = 99.36°. As has been observed with 
other dinucleoside phosphates”, however, the diffraction 
pattern displays pronounced pseudosymmetry such that it 
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Fig. 2 The cytidylyl 3’,5’-guanosine anion. 


was possible to index the reflections in a monoclinic cell, 
space group C2, with cell dimensions a = 29.487 A, b= 
12.933 A, c = 16.883 A and B = 121.94°. Because of this 
ambiguity, the intensity data were measured on the basis 
of the space group Pl. A crystal was sealed in a glass 
capillary in which mother liquor was included. 

A total of 5,621 independent reflections was measured, 
to a limit of 1 A resolution, on an automatic four-circle 
diffractometer using CuKe radiation. Of these, 4,073 reflec- 
tions were considered to have intensity significantly greater 
than background. In addition, Friedel mates for 356 reflec- 
tions were measured and the agreement, Rsymm, for these 
356 Friedel pairs was found to be 0.038. When the reflec- 
tion data were transformed to space group C2, the agree- 
ment among the symmetry-related reflections was 0.139 
The fact that the agreement for symmetry related reflec- 
tions for space group P1 was significantly better than for 
space group C2 was taken as a strong indication that space 
group Pl is more probable. Accordingly, the structural 
analysis was carried out in the latter space group. 

Numerous attempts at structure solution by direct and 
search methods were unsuccessful. The structure was 
eventually solved by location of the phosphorous atoms 
using the high resolution Patterson technique”, followed 
by a number of cycles of (E and F) Fourier syntheses to 
determine the rest of the structure. Early stages of the 
analysis of the crystal structure were greatly facilitated by 
the use of the interactive computer graphics system” at the 
Institute for Cancer Research. This permitted the rapid 
detailed evaluation of possible structural fragments at each 
stage of the analysis. Least squares refinements, as yet 
incomplete, have reached an R of 0.155 and the overall 
structure is well ordered; only a few atoms display high 
thermal motion. 


Proflavine interacts with miniature 
double helix in several ways 


“A projection of the structure is illustrated in Fig. 3. It is 
a 3:2 proflavine-CpG complex and represents the first 
reported crystal structure of drug-dinucleotide complex 
which does not have 2:2 stoichiometry. The two dinucleo- 
tides are hydrogen bonded to form a miniature double 
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helix with Watson—Crick base pairs, separated by 6.8 A. 
One of the proflavine molecules is symmetrically inter- 
calated between the base pairs and protrudes into the wide 
groove. Each amino group of this proflavine forms a 
hydrogen bond to a phosphate oxygen on either side of the 
duplex. These interactions, therefore, probably serve to 
stabilise the observed symmetry of intercalation. The other 
two proflavine molecules stack asymmetrically above and 
below the miniature double helix. The asymmetry is such 
that these proflavines tend to stack more over the guanine 
residues thereby preserving the pseudo-twofold symmetry 
which may be described as an axis perpendicular to the 
helix axis and lying along the C(9)-N(10) vector of the 
intercalated proflavine molecule. 





Fig. 3 A view of the structure of the complex, tilted slightly 

from the view parallel to the mean planes of the base. pairs. 

Dotted lines represent hydrogen bonds. Nitrogen and phosphorus 
atoms are black and oxygen atoms are stippled. 


Inspection of the non-intercalated proflavine molecules 
(translated to adjacent unit cells) shows that the molecules 
also bind externally to the duplex through a system of 
hydrogen bonding (Fig. 4). The external binding to the 
backbone of the duplex may be described by four unique 
hydrogen bonds—two from proflavine amino groups to 
phosphate oxygens and two more from proflavine amino 
groups to the 0(2)’ hydroxyl oxygens of the cytosine 
riboses. Note that the phosphate oxygens that are hydrogen 
bonded in this manner are also those that are hydrogen 
bonded to the amino groups of the intercalated proflavine 


Fig. 4 A view of the structure, looking perpendicular to the 
planes of the base pairs. The two phosphorus atoms are shown 
in black, one as a heavy open circle and the other as a large 
solid circle. The atoms of the uppermost base pair are also in 
black and the intercalated proflavine has black bonds. 





306 


molecule. The packing in the crystal structure is such that 
the non-intercalated proflavines link adjacent base-paired 
duplexes by these external hydrogen bonds; when one 
amino group of an external proflavine molecule is hydrogen 
bonded to a phosphate oxygen, the other amino group of 
that proflavine molecule is hydrogen bonded to an OQY 
hydroxyl oxygen of a neighbouring duplex (Fig. 5). The 
overall effect is a pattern of extensive cross-linking between 
adjacent miniature double helices. 

The crystal structure of the complex is heavily hydrated, 
with 24 water molecules associated with each unit. This 
large degree of hydration lends credence to the relevance 
of this structure to nucleic acid~drug complexes. A full 
description of the many interactions involved will be 
published elsewhere. 


Proflavine stacks with base pairs 
and also with other proflavines 


Tue sequence of stacked polycyclics is proflavine—base pair- 
‘intercalated proflavine—base pair—proflavine~—proflavine—base 
pair-intercalated proflavine, and so on, so that proflavine— 
proflavine stacking also occurs (Fig. 5). In this case the 
long axes of the proflavine molecules lie at approximately 
83° to each other. This is a different situation from that 
found in proflavine hydrochloride’ where this angle is 
180° and in proflavine hemisulphate where this angle is 
150° (refs 2, 25). The skewness of stacking of proflavine 
molecules probably results from the fact that the terminal 
amino groups of proflavine are hydrogen bonded to phos- 
phate oxygen atoms and to ribose 0(2)Y hydroxyl groups. 
These hydrogen bonds position the molecule with respect 
to the base pairs and, to satisfy the crystallisation condi- 
tions, proflavine~proflavine stacking occurs as best it may. 
The 3:2 nature of this complex, containing two mono- 
jonised anions of CpG (Fig. 2), suggests that one of the 
three proflavine molecules carries no charge. By symmetry 
one would expect this to be the intercalated proflavine 
molecule. Assignment of these charges must await further 
refinement and the location of hydrogen atoms. 


The miniature double 
helix has unexpected features 


Each base pair is twisted in a propeller-like fashion, much 
as has been found in other dinucleoside phosphate struc- 
tures. The spacing between base pairs is 6.8 A, as would be 
expected for a complex of this sort. What is not expected, 
however, is that the orientation of the two base pairs has 
aspects similar to that found in normal, uncomplexed 
RNA 1i (ref. 26). That is, the angle between the vectors 
connecting the glycosidic carbon atoms within each base 
pair is 33°, not the 8°-10° values found in the structures 
of iodo-CpG-—ethidium bromide and iodo-CpG-9—amino- 
acridine. 

Moreover, instead of having C(3Y endo 3’-5’ C (2Y endo 
mixed sugar puckering”, all the sugars are C(3Y endo. 
The stretching (rather than unwinding) of this miniature 
helix is accomplished by systematic changes in the backbone 
and glycosidic angles. The implications of this surprising 
result with respect to the unwinding of polynucleotide 
structure are under investigation. 

The results of this analysis allow us to explain various 
phenomena associated with proflavine complexation to 
nucleic acids. We have defined in geometric terms two 
modes of binding: (1) symmetrical intercalation with 
hydrogen bonding to the phosphate groups, and (2), 
hydrogen bonding to phosphate and ribose 0(2Y hydroxyl 
atom external to the helix. It is known that when acridines 
are used to stain cells, the RNA complex shows a red 
fluorescence whereas the DNA has a green fluorescence’. 
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Fig. 5 A diagrammatic representation of the packing of the 
CpG and proflavine ions in the crystal lattice. 


This difference may be explained, in part, by the hydrogen 
bonding between the 0(2) hydroxyl of the ribose and the 
amino nitrogen of the proflavine since there is no O(2) 
hydroxyl group in DNA. The structure also shows the 
nature of the aggregation of the proflavine molecules 
themselves (see Fig. 5). Finally, the similarity of the orien- 
tation of the overlapping base pair planes to those in 
RNA 11 (as measured by the vectors between the COY 
glycosidic atoms), implies that proflavine does not unwind 
the helix. 
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Human HLA-A, B, C and la antigens were labelled by 
lactoperoxidase-catalysed iodination of the inner sw face of 
lymphocyte plasma membrane and thus are transmembi ane 
protems. In contrast, membrane-bound human IgM and 
mouse lg M, lg D and Thy-] antigen were not labelled on the 
„nner membrane surface. 


AN important role of the plasma membrane ıs to transmit 
biochemical signals generated by ligand-receptor interaction at the 
cell surface across the lipid bilayer and into the cell!. The 
elucidation of the mechanisms of transmembrane informational 
transfer depends ultimately on the designation of the orientation 
of the membrane proteins in the bilayer In this respect the 
transmembrane proteins are especially favoured candidates since 
they are exposed on both the outer and inner (cytoplasmic) 
membrane faces Thus, this orientation has apparently been 
universally adopted by membrane transport proteins?* It 1s, 
however, evident that transmembrane proteins are not a prere- 
quisite for signal transmission and that other mechanisms also 
exist For instance, the biological effects of certain outer cell 
surface hormone receptors are believed to be mediated by 
interaction with cytoplasmically disposed adenylate cyclases*. 

In view of the apparent functional importance of transmem- 
brane proteins, there are strong incentives to develop methods for 
theiridentification One possible way 1s by comparing the patterns 


produced by covalent labelling of the outer and inner surfaces of -' 


cells or plasma membranes’ ® Application of this approach to 
erythrocytes™!! has demonstrated that both of the mayor 
erythrocyte glycoproteins, glycophorin and band 3, are transmem- 
brane molecules. The results of these studies have led to the 
proposals that all membrane glycoproteins have a transmembrane 
orientation, that the non-glycosylated proteins are exposed on the 
inner surface only and that no protein is present exclusively on the 
outer surface unless it is associated with a glycoprotein which 
spans the lipid bilayer!? 13. The notable successes that have been 
achieved with erythrocytes are primarily due to two factors—the 
lack of intracellular membranes and the ready availability of 
sealed ‘inside-out’ membrane vesicles for labelling the imner 
membrane surface’ 8. Several proteins in various other systems 


have also been shown to be transmembrane—for example, (Na +, . 


K*)-dependent ATPase!*, intestinal brush border aminopep- 
tidase!®, cytochrome c oxidasel*, Semliki forest virus coat 
protein!” and rhodopsin!8. No generally applicable method for 
their detection has, however, emerged with the result that know- 
ledge of the orientation of membrane proteins of nucleated cells 
has proceeded slowly. 


Designation of transmembrane proteins 

We descnbe here a method for defining the transmembrane 
proteins of lymphocyte plasma membrane Lymphocytes were 
chosen for study because their surface structure regulates many 


* Present address: Laboratory of Biochemical Genetics, National 
Institutes of Health, Bethesda, MD 20014, USA 


biological effects (for example, activation by antigen, ‘patching’ 
and ‘capping’ of surface receptors) and includes many antigens of 
known specificity (for example, Ia and Thy-! antigens, IgM and 
IgD). Also, well-characterised preparations of the surface mem- 
brane are available!®. The approach adopted for designating the 
orientation of membrane proteins relied on lactoperoxidase- 
catalysed 1odination for covalent labelling, and the availability of 
inside-out membrane vesicles that were sealed to lactoperoxidase 

Lactoperoxidase-catalysed iodination was selected in preference 
to other techniques because the conditions favouring vectorial 
labelling have been clearly defined?° In particular, the free 10dide 
concentration was adjusted to less than 10°°M to promote 
1odination via an impermeable enzyme-activated iodine com- 
plex?° The procedure suffers, however, froma fairly high degree of 
selectivity ın that only proteins with exposed tyrosine and possibly 
histidine residues are labelled A method for the preparation of 
inside-out vesicles of pig lymphocyte plasma membrane has been 
described previously?! Although the vesicles were permeable to 
trypsin and concanavalin A, a subpopulation of vesicles has been 
selected by dextran density gradient centrifugation that were 
sealed to dextran of 10,000 molecular weight and also, by 
implication, to lactoperoxidase (molecular weight 78,000) 

Lactoperoxidase-catalysed iodination of these vesicles followed 
by affinity chromatography on concanavalin A-Sepharose gave a 
different pattern of labelled polypeptides than that obtained with 
viable pig lymphocytes?? At least eight labelled polypeptides of 
each sample comigrated on polyacrylamide gel electrophoresis ın 
sodium dodecylsulphate and were, consequently, judged to havea 
transmembrane orientation A disadvantage of this study was the 
inability to equate any defined surface component with a partic- 
ular iodinated polypeptide. Thts:problem has been circumvented 
by using antisera against defined surface components to pre- 
cipitate the homologous antigen from !?5I-labelled, inside-out 
membrane vesicles after solubilisation in sodium deoxycholate. 
The onentation of the following cell surface antigens have been 
analysed using this approach: the HLA-A, B, C and Ia antigens, 
and IgM of cultured human lymphoblastoid BRI 8 cells, as well as 
the Thy-I antigen of mouse thymus cells, and IgM and IgD of 
mouse spleen cells. 


Cell surface antigens 


The choice of cell-surface antigens for study was determined by the 
availability of cells and specific antisera The human B- 
lymphoblastoid cell line BRI 8 was chosen because it represents a 
well-documented source of HLA-A, B, C and la antigens and 
membrane-bound IgM?3 24 Mouse thymus and spleen cells have 
the advantage of being a relatively mch source of Thy-1 antigen? 
and membrane-bound IgM and IgD?° respectively Goat anti- 
(human £,-microglobulin) serum raised by immunisation with 
purified urinary $,- microglobulin was used as a ligand for the 
human HLA-A, B and C antigens. This choice 1s based on the 
observation that B,-microglobulin 1s non-covalently associated 
with the products of the HLA-A, B and C genes on the cell 
surface?’. The antiserum was shown to be monospecific on the 
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BRI 8 cells 


(1) Disruption 


(2) Differential centrfugation 


(3) Discontinuous (25-36%) 


sucrose density gradient 
centrifugation 


Interfacial band 
Plasma membrane vesicles 


(1) Washed, resuspen- 
ded in 10 mM Na 
phosphate buffer, 
pH 8.0 


(2) Solubilised Na 
deoxycholate 


(3) Chloramine T rodination 


(4) Immunoprecipitation 







(1) Washed, resuspended ın 
5 mM Na phosphate buffer, 
PH 7.4 


(2) Discontinuous (1.005— 
1 03 g ml) dextran T10 
density gradient centrifugation 


Interfacial band y 
‘Sealed’ plasma membrane vesicles 


(1) Lactoperoxidase-catalysed 
iodination 


(2) Affinity chtomatography 
on conA-Sepharose 


Unretarded fraction 
‘Inside-out’ !75]-labelled plasma 
membrane vesicles 


(1) Resuspended ın 10 mM Na 
phosphate buffer, pH 8.0 


(2) Solubilsed Na deoxycholate 


(3) Immunoprecipitation 


Analysed by polyacrylamide gel electrophoresis In 
sodium dodecylsulphate 


Fig. 1 Summary ofexperimental procedure for designating orientation oflymphocyte surface antigens The pi ocedureis shown for BRI 8 cells an 
identical procedure was used for mouse spleen and thymus cells The cells (about 80% viable; 5 x 107 cells mI~') were broken using the Stansted cell 
disruptor (model AO 612, disrupting valve 516, air pressure applied to disrupting valve was 55 2 kPa for BRI 8 and 250 kPa for mouse thymus and 
spleen cells). The plasma membrane fraction was separated as previously described! 2! 23, washed free of sucrose and resuspended in 5 mM Na 
phosphate buffer, pH7 4 Sealed vesicles were separated by centrifugation on discontinuous gradients of Dextran T10 (Pharmacia) for 2h at 
40,000 r p m.ina Beckman SW41 rotor®. The vesicles that accumulated at the interface between | 005 and 1 03 g mI“! were impermeable to dextran 
of 10,000 molecular weight This fraction represented at least 25% of BRI 8 plasma membrane but was no more than 10% of the membrane 
preparations from mouse spleen orthymuscells The sealed vesicles (2-3 mg of membrane proteinin 1 ml of 5 mM Na phosphate buffer, pH 7.4) were 
1odinated by adding ImCi Na!?51, 20 ug lactoperoxidase, 2 3 units glucose oxidase and glucose to a final concentration of 20mM After 15 minat 
20 °C the reaction was terminated by adding 40 volumes of 5 mM Na phosphate buffer. pH 7 4, at 4 °C The1odinated membrane was recovered by 
sedimentation at 75,000g for 30 min and inside-out vesicles were separated as described previously using concanavalin A-Sepharose 4B?! The !251- 
labelled inside-out membrane vesicles (about | mg of protein) were solublised at 4 °C by addition of Na deoxycholate [10% (w/v) in 10 mM Tris-HCl 
buffer, pH 8.2] to a final concentiation of 2% (w/v) After 30 min the solution was centrifuged at 100,000g for 1 h Plasma membranes fiom BRI 8, 
mouse spleen and mouse thymus cells for control immunoprecipitations (about | mg of each) were solubilised in 1 ml of 2% (w/v) Na deoxycholate 


and non-vectorially labelled with Na‘#°I (1 m Ci) by using Chloramine T (10 ug)”. 


basis of being inhibited completely by an authentic sample of ß,- 
microglobulin, and having no detectable reactivity with 
erythrocytes and the lymphoblastoid cell hne ‘Daudi’ which, lack 
HLA-A, B and C antigens A rabbit antiserum raised by hyper- 
immunisation with a glycoprotein fraction from BRI 8 plasma 
membrane was used to precipitate the HLA-Ia antigens— accord- 
ing to various criteria this antiserum recognised the human 
counterparts of the mouse Ia antigens**?® Mouse thymocyte 
Thy-! was precipitated by a xenogeneic cross-reacting antiserum 
raised against rat brain Thy-1759 (from A F Wilhams) IgM 
from BRI 8 cells was precipitated by a commercial sample 
(Organon) of goat anti-(human IgM) serum, and mouse spleen 
membrane IgM and IgD were precipitated using an antiserum 
raised against mouse serum Ig (from M C Raff). 

Numerous studies have shown that each of the above antigens 1s 
exposed on the cell surface. This disposition was confirmed for the 
cells chosen for study by using fluorescein-labelled anti-(Ig) sera to 


reveal antigen-specific antibody bound to the cell surface in the 
fluorescence activated cell sorter Thus, all BRI 8 cells were stained 
by anu-(8,-microglobulin), anti-(HLA-Ia) and anti-(IgM) sera 
relative to control cells which had not been incubated with specific 
antibody Similar tesults were found with the anti-(Thy-1) serum 
on mouse thymus cells, whereas anti- Uns Ig) serum stained 
about 50% of mouse spleen cells. 


'25]-labelled inside-out plasma membrane vesicles 


The preparation of 1odinated inside-out plasma membrane ves- 
icles from the various cell-types is summarised ın Fig. 1. The mıtıal 
purified plasma membrane preparation was not significantly 
contaminated by other subcellular fractions!®. Previous results 
indicated that it represented a mixture of right-side-out and inside- 
out vesicles that were permeable to certain macromolecules??. 
Fractionation of the vesicles on a discontinuous density gradient 
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of dextran T10, in a manner similar to that used for preparing 
sealed erythrocyte vesicles’. yielded a population which by 
implication was impermeable to lactoperoxidase and which, thus. 
permitted vectorial labelling. The proportion of vesicles sealed to 
dextran T10 varied with the cell type and was not easily manipul- 
ated. lodination of these vesicles was followed by fractionation on 
concanavalin A-Sepharose 4B (ref. 21) to separate the inside-out 
vesicles. 


46 








Fig. 2 Comparison of polypeptides labelled by lactoperoxidase- 
catalysed iodination of a, whole BRI 8 cells and b, inside-out plasma 
membrane vesicles. BRI 8 cells [107 in 100 ul of phosphate buffered 
saline (PBS, 10 mM Na phosphate buffer 0.15 M NaCl. pH 7.4)]. were 
iodinated by adding 300 wCi of Na '?51. 20 ug ml! of lactoper- 
oxidase, 2.3 units ml! glucose oxidase and glucose to a final 
concentration of 20 mM. The reaction was allowed to proceed for 
15 minat20 Cand was terminated by the addition of 100 volumes of 
PBS. The cells were washed twice and finally resuspended in | ml of 
sodium dodecyl sulphate (SDS) sample buffer [2% (w/v) SDS. 10°, 
(w/v) glycerol, 0.01 M dithiothreitol and 0.02%, (w/v) bromophenol 
blue]. '**I-labelled inside-out plasma membrane vesicles were pre- 
pared from BRI 8 cells as described in Fig. 1. They were sedimented by 
centrifugation at 75.000g for 30 min and resuspended in SDS sample 
buffer. Samples were boiled for 2 min and analysed by polyacry- 
lamide gel electrophoresis in SDS using the Tris-glycine discon- 
tinuous buffer system of Laemmli'!. lodinated polypeptides were 
revealed by autoradiography. Molecular weights (given in thou- 
sands) were calculated by reference to the mobilities of standard 
proteins: myosin (200), f-galactosidase (130), phosphorylase (90), 
transferrin (78), bovine serum albumin (67), ovalbumin (46), Ig L- 
chain (25) and cytochrome C (12.5). 
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Figure 2 shows representative patterns of the iodinated polypep- 
tides of '*5I-labelled whole BRI 8 cells (the outer surface) and of 
'25]-Jabelled inside-out plasma membrane vesicles (the inner 
surface), as revealed by polyacrylamide gel electrophoresis in 
sodium dodecylsulphate. The clear differences between the pat- 
terns inspires confidence in the efficacy of the overall procedure. 
The samples contained more than 10 co-migrating polypeptides 
which on the basis of this criterion have a transmembrane 
orientation, Similar results have been obtained for pig lym- 
phocytes? as well as mouse thymus and spleen cells. 


Immunoprecipitations 


Immunoprecipitation analysis of the '*‘I-labelled inside-out 
vesicles after solubilisation in sodium deoxycholate was under- 
taken to determine whether any of the inner-surface iodinated 
polypeptide chains could be equated with known cell surface 
antigens. A positive result would indicate that the antigen in 
question was exposed on both faces of the lipid bila yzr and was, 
thus, a transmembrane protein. Each of the cell surface antigens 
chosen for study was also shown to be a component of the purified 
plasma membrane by immunoprecipitation from solubilised 
membrane that had been labelled non-vectorially by iodination 
using Chloramine T*’. The results for the various antigens are 
summarised in Fig. 3. 

The HLA-A, B and C gene products are glycosylated polypep- 
tides of 43,000 molecular weight?*. Immunoprecipitation of the 
'*5]-labelled inside-out membrane vesicles with the anti-(f,- 
microglobulin) serum gave one band only of molecular weight 
43,000 (Fig. 34), whose position was identical with that of the band 
of the control precipitate from the non-vectorially iodinated 
plasma membrane (Fig. 3a). If lactoperoxidase-catalysed iodi- 
nation of the inside-out vesicles labels exposed tyrosine residues on 
the inner membrane surface only. then this result indicates that the 
HLA-A. B and C polypeptides span the lipid bilayer. The $,- 
microglobulin component of the HLA-A, B and C antigens was 
not detected because at the polyacrylamide gel concentration used 
(7.5%) B,-microglobulin was not resolved from the dye front and 
was run off the gel together with the radioactive iodide. 

Similar results were obtained for the HLA-la antigens. These 
antigens comprise two non-covalently associated glycosylated 
polypeptides of 28,000 and 33,000 molecular weight?+. Figure 3c 
shows that the plasma membrane contained both polypeptides 
and Fig. 3d indicates that both are exposed on the inner membrane 
surface, 

In contrast, neither the p nor L chains of human IgM were 
labelled in the inside-out vesicles (Fig. 3/), although Fig. 3e 
indicates that the plasma membrane contained IgM and that both 
chains were iodinated when the Chloramine-T procedure was 
used. An identical result was obtained for mouse spleen cell Ig. 
Thus, the u. 6 and L chains were present in the plasma membrane 
(Fig. 3g), but were not labelled in the inside-out membrane vesicles 
(Fig. 34). Similarly, Thy-1 antigen (molecular weight about 
25,0003") was a component of the thymus plasma membrane (Fig. 
3/), but was not labelled in the inside-out vesicles (Fig. 3/). 


Conclusions 

The significance of the results depends on the subpopulation of 
plasma membrane vesicles used for the labelling studies being 
correctly designated as inside-out and sealed to lactoperoxidase. 
This designation is supported by two experiments. First. the failure 
tọ label certain known membrane components by 
lactoperoxidase-catalysed iodination (Fig. 3) argues strongly 
against the vesicles being leaky to lactoperoxidase. Second, the 
different labelling patterns given by intact cells and by the 
membrane vesicles (Fig. 2) argues that the outer surfaces of the 
cells and membrane vesicles possess different structures which is 
consistent with a different orientation. If these interpretations are 
correct then the prescribed method is applicable to the identifi- 
cation of lymphocyte transmembrane proteins as well as providing 
the means to probe the structure of the plasma membrane’s inner 
surface. It seems likely that the approach will be generally 
applicable to a variety of cell types, especially since inversion of 
plasma orientation may be a general feature of cell breakage?+. 
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Fig. 3 Polyacrylamide gel electrophoresis patterns in SDS of immunoprecipitates prepared from '*51-labelled inside-out membrane vesicles with A, 
anti-(human £,-microglobulin): d, anti(HLA-la): /, anti-(human IgM); #4. anti-(mouse Ig) and j, antu-(Thy-1) sera. These patterns should be 
compared with those obtained from the non-vectorially iodinated plasma membrane with a, anti-(8,-microglobulin): ¢, anti-CHLA-la); e, anti- 
(human IgM); g, anti-(mouse Ig) and /, anti-(Thy-1) sera. The preparation of !?*I-labelled inside-out membrane vesicles and '**I-labelled plasma 
membrane is described in Fig. 1. Three methods of immunoprecipitation were used depending on the quantity of antiserum available. First, the Ig 
fractions of the anti-(f,-microglobulin). anti-(HLA-la). anti-(mouse Ig) and normal rabbit serum were coupled to cyanogen bromide activated 
© Sepharose CL-4B ata concentration of 10 mg of protein per ml of gel sediment. Before interaction with specific antibody the deoxycholate-solubilised 
123 }slabelled membranes (Fig. 1) were depleted of non-specifically bound protein by incubation for 30 min at 20 Cona5 mi column of normal rabbit 
Ig-Sepharose CL-4B. Unadsorbed protein was eluted with 0.5°; (w/v) Na deoxycholate. The eluate was incubated for 30 minat 20° Con5 ml columns 
“oofimmune Ig-Sepharose CL-4B that were subsequented washed with 0.5% (w/v) Na deoxycholate. The adsorbed material was eluted with 2% (w/v) 
“SDS in 8 M urea, precipitated with ethanol (final concentration 66%) for 48h at —20 °C, solubilised in SDS sample buffer and analysed by 
polyacrylamide gel electrophoresis in SDS as described above. After electrophoresis and staining with Coomassie blue the gels were dried, divided into 
Imm slices and counted in a Packard gamma counter. Second, Staphylococcus aureus A protein attached to Sepharose CL-4B was used as the 
absorbent for the antie(human IgM)serum. The protein prepared as previously described? was coupled to Sepharose CL-4B(1 mgof protein per mlof 
gel sediment). The deoxycholate-solubilised !?*I-labelled BRI 8 membranes were pre-adsorbed with normal rabbit 1g-Sepharose CL-4B as described 
above, The eluate was incubated at 37 “C with 100 gd of anti-(human IgM) serum for | h followed by 12 hat 4 “Cand then incubated for 30 min at 20 °C 
with the Sraph A-Sepharose CL-4B. Unadsorbed material was eluted with 0.5% (w/v) Na deoxycholate. The bound material was displaced with 2%% 
(w/v) SDS in 8 M urea and treated as previously described. Third, a direct precipitation system was used for the mouse thymus Thy-1 antigen. ° 
Deoxycholate-solubilised '**I-labelled membrane (300 jl) was incubated at 37 °C for 30 min with 30 jl of anti-(Thy-1) serum, for a similar period 
with 50 zl of horse anti-(rabbit Ig) and then cooled to 4 °C for 12 h. The resulting precipitate was washed four times with 0.5% (w/v) Na deoxycholate at 
4 °C, solubilised in 2% (w/v) SDS in 8 M urea and analysed as above. 


The major limitation of the method concerns the selectivity of 
jodination which is restricted to exposed tyrosine residues. As a 
result, lack of labelling may reflect lack of an accessible tyrosine 
residue rather than absence of the polypeptide chain per se. 

The plasma membrane of the human B-lymphoblastoid cell line 
BRI 8 contained at least 10 transmembrane proteins as assessed by 
the comigration of polypeptide chains which were iodinated on 
both the outer surface of intact cells and of inside-out membrane 
vesicles (Fig. 2). Similar results have been obtained with pig 
lymphocytes*?. In this case the majority of the transmembrane 
proteins were further identified as glycoproteins on the basis of 
specific adsorption to Lens culinaris \ectin-Sepharose??. A pre- 
ferential disposition of glycoproteins to a transmembrane orien- 
tation is in accord with models of plasma membrane structure 
based on erythrocytes!?-13, 

Direct evidence was obtained that the polymorphic, 43,000 
molecular weight polypeptide chain of the HLA-A, B and C 
antigens spans the lipid bilayer. This conclusion is in accord with 
the orientation suggested previously on the basis of the amino acid 
composition of enzymatic cleavage products?5. It is also con- 
cluded that both of the polypeptides (28,000 and 33,000 molecular 
weight) which comprise the HLA-Ia antigens are transmembrane. 

The significance of the lack of labelling of Thy-1 antigen and 
membrane-bound Ig in the inside-out vesicles is equivocal because 
of the selectivity of the labelling procedure. Other arguments may, 
however, be invoked in favour of the view that the lack of labelling 
of IgM is a true reflection of its orientation. Thus, membrane- 
bound IgM binds very. much less detergent than typical integral 
membrane proteins including Thy-! and HLA-A, Band C and Ia 
antigens?43336 This difference in behaviour is consistent with the 
proposal that IgM dips much less extensively into the bilayer than 
known transmembrane proteins. Also, if the yechain of 
membrane-bound IgM spans the membrane it should be iodi- 


nated, assuming its structure is identical with that of secreted IgM 
which has tyrosine as its C-terminal amino acid residue?’, 

We thank Drs M.C. Raffand A. F. Williams for gifts of antisera, 
and Dr A. J. Edwards for examining the cell suspensions for 
surface antigens in the fluorescence activated cell sorter. 
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Possible fast variability of the 
nucleus of Cen A at 13.5 mm 


INFORMATION about short time scale events in extragalactic 
objects can have very important implications for the 
theoretical interpretation of the physical mechanisms in- 
volved. Such data are only obtained by using time- 
consuming observing schedules and methods, and are not 


usually carried out at radio observatories. This kind of 
information is thus generally lacking. We report here a 
study of the nucleus of Cen A (NGC 5128) at a wave- 
length of 13.5mm. Possible fast variability was observed. 
Observations in the direction of the infrared ‘hot-spot’ of 
NGC 5128 (ref. 1) have been made at centimetre and milk- 
metre wavelengths’*. Kellermann? has suggested an 
important intraday change of flux, based on few observa- 
tions taken at 3.4 and 9.5mm. Fogarty and Schuch‘ found 
no variability using observations obtained monthly at 
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13.5 mm, in 1974. X-ray emission from the nucleus of NGC 
5128 was identified by Tucker et al’, and important varia- 
bility has been claimed by other workers at X-ray wave- 
lengths*’ 

We performed 37 observations of the nucleus of NGC 
5128 at A=13.5 mm from July 1976 to March 1977, which 
included two periods of 15 d sequential patrol (26 July to 10 
August, and 27 November to 13 December, in 1976). The 
observations were carried out using a 45-foot dish at 
Itapetinga Radio Observatory, Atibaia, Brazil. All observa- 
tions were performed at the same sideral time at the local 
meridian transit to avoid polarisation effects. The antenna 
beam at 13.5mm is of about 4’ arc, and observations were 
made using on-on and beamswitching techniques. 

For comparison we observed Vir A in sequence, as a 
calibrator (for which we adopted 21.4 Jy). After 10 Novem- 
ber 1976 we also observed the NE lobe of NGC 5128 (13h 
42 min 48 s, —42° 42’ 11”, 1950.0 coordinates). This position 
is situated nearly 2.5’ arc NE of the nucleus such that there 
was only a weak beam overlap with less than about 3 dB of 
attenuation. This lobe was selected for comparison since 
close to it, in NE direction, it has been recently found 
some H II filamentary structures (ref. 8 and M. Dennefeld, 
personal communication). It corresponds to a structure 
identified at decimetric and metric wavelengths’ ™. 

The measurements were normalised against Virgo A and 
are shown in Fig. 1. Nearly all observations were carried in 
the following sequence of 30 min integrations: Vir A, NE 
lobe, centre, Vir A. In some days the integration times were 
extended with 15 min extra observations. Sky attenuation 
was measured before and after the sequence, and the average 
was adopted for data correction. The error bars are tlo 
referred to the worst 30-min integration measurement of 
the sequence. Larger error bars refer to days with bad 
weather, and the measurements are consequently less 
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reliable. In general both atmospheric and instrumental 
changes affected similarly all observations from a sequence. 

Figure | suggest an ‘event’ (with flux reduction) in 22 
November-5 December 1976, in the centre/VirA and 
centre/NE lobe series of observations. This is not suggested 
in the NE lobe/Vir A series. Both centre/Vir A and NE 
lobe/ Vir A data show reduced values in 11-12 November 76 
and 10-11 March 77—and this is not seen in centre/NE lobe 
data. 

It should be stressed that the observations of the centre 
and NE lobe were performed in nearly equal conditions, 
using the same corrections (elevation angle of about 70°). 
Vir A was observed in the opposite hemisphere at a lower 
elevation angle (about 45°), and the measurements suffered 
different corrections. An error in the estimate of the sky 
attenuation will not affect the relative measurement centre/ 
NE lobe, but may affect Vir A corrected measurements, and 
thus centre/Vir A and NE lobe/Vir A comparisons. Thus 
the centre/NE lobe data are the most reliable for com- 
parison purposes. 

The coincidence in the ‘event’ occurrence both in the 
more reliable comparison centre/NE lobe and in centre/ 
Vir A suggests that it might be of a real nature. On the 
other hand, due to the reasons discussed above, the reduc- 
tion in centre/Vir A and NE lobe/Vir A in November 76 
and March 77 could not be attributed necessarily to changes 
in Vir A. 

The possible ‘event’ described here is relatively much 
better defined than Kellerman’s®’ 2d data at 3.4mm, which 
have also shown a flux reduction of nearly 30%. This 
reduction alone bring some complications for the inter- 
pretation. But we feel the data are still few, and the effect 
might be only a part of a larger more complex event. 

Long term data seem to confirm that there are no large 
time scale variations in flux from the nucleus of Cen A 
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(ref. 4). Short time scale events might happen within a few 
days, however. Complete description of the pattern will 
require daily observations over several months. 

It should be noted that the previous map’ of NGC5128 
was derived with isotherms referred to the centre, for 
which variability was not taken into account. An improved 
version of the map at 13.5 mm is under investigation. 

We thank Drs K. J. Kellermann, J. Beall and M. Denne- 
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PIERRE KAUFMANN 

P. MARQUES DOS SANTOS 
J. C. RAFFAELLI 

E. SCALISE, JR 


Centro de Radio-Astronomia e Astrofisica ‘Mackenzie’, 
CNPq-Observatorio Nacional, 
São Paulo, SP, Brazil 


Received 29 March; accepted 5 July 1977. 


1 Kunkel, W. E. & Bradt, H. V. Aor. J. a im L10(1971). 

2 Price, K.M. & Stull, M. A. Nature 245, 83-89 (1973), 

3 Kellermann, K. I. Astrophys. J. 194, L135- WETE 74). 

4 Fogarty, W. G. & Schuch, N. J. Nature 254, 124-125 (1975). 

5 Tucker, W., Kellog, E., Gursky, H., Giacconi, R. & Tananbaum, H. Astrophys. J. 
180,715- "934 (1993), 

© Winckler, P. F. & White, A. E. Astrophys. J. 199, L139-L142 (1975). 

7 sh A. C., Maccagni, D., Rees, M. J. & Stoeger, W. R. Nature 260, 683-685 


$ Blanco, V. M., Graham, J. A., Lasker, B. M. & Osmer, P. S. Astrophys. J. 198, 
L63-L64 (1975). 
9 Cooper, B. F. C., Price, R. M. & Cole, D. J. Austr. J. Phys. 18, 589-625 (1965). 
10 Lockhart, I. A. & Sheridan, K. V. Proc. ASA 1, 344-345 (1970). 
41 Sice, O. B. & Sheridan, K. V. Proc. ASA-2 6, 1 (1975). 
12 Kaufmann, P., Scalise, Jr, E., Marques dos Santos, P, & Fogarty W. G. Mon. Not. 
R. astr . Soc. 169, 1Sp-17p (1974). 








Pi 1-2 magnetic field 
pulsations on dayside cleft field lines 


Type Pi 1-2 magnetic field pulsations, T = 1-150 s, have a 
broad-band, noise-like character and a tendency to occur during 
active aurorae and magnetospheric substorms':*, It is well- 
known that type Pi 1-2 magnetic field pulsations observed in 
the night-morning sector during magnetospheric substorms 
maximise in amplitudes along the auroral oval*?, But the rela- 
tion of the Pi 1-2 activity to the day sector of the auroral oval 
has not been clear. This relation is of particular interest because 
the day sector of the auroral oval seems to coincide approxi- 
mately with the feet of the dayside cleft field lines; the precise 
relation between the dayside cleft and the dayside auroral oval, 
however, has not yet been established (S. I. Akasofu, personal 
communication). Dayside cleft field lines usually terminate 
between the geomagnetic latitudes of 75° and 80°. We show here 
that intense Pi 1-2 activity appeared at College on two occa- 
sions when the cleft came down to the College latitude, 64.7° N, 
at times when College was in the midday sector. Further, it is 
shown that an intense flux of particle precipitation into the 
dayside ionosphere occurred on the second occasion, 4 August 
1972. 

A direct comparison between Pi 1-2 activity as observed at 
Bar I (70.3°N, 257°E, geom.) and College (64.7°N, 257°E) on 
26-27 July 1969, and observations of the dayside cleft by 
satellite? is shown in Fig. 1. In the interval 2000-0100 uT, which 
is local midday at Bar I and College, the cleft moved towards the 
equator, approaching 66° at 0100 uT. Pi 1-2 activity was most 
intense at Bar I between 2300 and 0100 ur when Bar I was on 
cleft lines. Pi 1-2 was most prominent at College between 0100 
and 0200 uT, but was not as intense as at Bar I (maximum 
amplitudes near 0.02 Hz were 16 nT at Bar I and 6 nT at 
College). This behaviour is consistent with a Pi 1-2 origin on 
cleft lines. 

The cleft tends to move to smaller L values (L = Mcllwain’s 
parameter; the invariant latitude (A, = cos~! (1/L)', with in- 
creasing values of the AE index*, From this, we would expect Pi 
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activity to be seen at College in midday hours preferentially at 
times of high AE (or Kp) if the midday Pi 1-2 activity does maxi- 
mise on cleft lines. To check this, we looked at College Pi data** 
and found that Pi occurred in midday hours at College on about 
30 d in 1966 and 1967 with Kp values ranging from 4 to 9. In 
contrast, Pi activity is prominent at College in night hours for 
Kp from 2 to 5. These characteristics seem consistent with a Pi 
oval that coincides approximately with the cleft lines on the 
day side. 

On 4 August 1972, at 2240 ut, the magnetopause moved 
inward past Explorer 45, then at L = 5.2 and at 1435 MLT®. 
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Fig. 1 Appearance of type Pi 1-2 pulsations at b, Bar I and c, 
College 2300-0200 ur when dayside cleft lines were in = 
vicinity of those sites. a, from Yasuhara and Akasofu ref. 3 


An induction magnetometer operating near Chatanika, L = 5.6, 
40 km north of College, registered very strong Pi 1-2 activity at 
that time. The activity actually exceeded the record range of the 
tape recorder (30 nT at 0.02 Hz). Sonagrams show that the 
pulsations had the broad-band form that characterises Pi 1-2 
activity. The Kp index was 9, at the time and AE reached 
2065 nT. 

Since the magnetopause moved inwards past L = 5.2 at 
2240 ut, it evidently passed L = 5.6 somewhat earlier, hence 
Chatanika was on cleft lines for the duration of the strong Pi 
activity observed there. Direct Chatanika radar observations 
showed the cleft to be located near Chatanika from 2200- 
2300 uT on 4 August’. 

The Chatanika radar* was in operation at the time, and the 
data show that prominent E- and D-regions were formed? 
(Fig. 2). The College 30 MHz riometer went off scale in this 
interval, the absorption exceeding 20 dB (ref. 11). These 
measurements show conclusively that a field-aligned plasma 
stream was present on the dayside cleft field lines. Using 
Chatanika radar electron densities and appropriate auroral 
ionosphere D-region collision frequencies, the absorption at 
Chatanika was estimated to be 21.4 dB at 30 MHz, which could 
be produced by 70 keV electrons with a minimum precipitation 
rate of 3x 10° e cm~? s~ ster (ref. 10). Similar estimates of 
precipitating particle energies during this period have been given 
by other investigators!*, 
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Fig. 2 Chatanika radarelectron density data for 4 August 1972. 
Densities of up to 510° cm~? were observed at the feet of 
dayside cleft field lines 2200-2300 ut (from Watkins et al., ref. 7). 


Since an intense field-aligned flux of electrons was present on 
the field lines where the Pi 1-2 pulsations were observed, it is 
possible to invoke the garden-hose overstability mechanism for 
the generation of the Pi 1-2. The garden-hose overstability is a 
consequence of field-aligned plasma streaming in the presence of 
magnetic mirroring, conditions that are met in the magneto- 
sphere'*. The plasma pressure becomes anisotropic with P|!>P,, 
the anisotropy increasing with increasing streaming speed, and 
this anisotropy generates Alfvén waves’. Thus particle energies 
of 1-100 keV are favourable for the generation of the unstable 
Alfvén waves through the garden-hose mechanism, and those 
energies were observed in the cleft region in the case of the 
4 August 1972 activity®. 

Observations of strong Pi 1-2 activity in the day sector may 
be useful for locating cleft field lines in experiments where 
supplementary knowledge of the cleft location is required. In 
recent years, the most usual ground-based technique for locating 
the cleft field lines in the ionosphere has been the ionosonde 
technique. Since magnetometer data are considerably easier to 
obtain than ionosonde, particularly on a continuous long-term 
basis, it is advisable to extend the present investigation to Pi 1-2 
recording sites between 70° and 80°. 

This research was supported by the NSF Atmospheric 
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DES 74-23550. 
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Linear dichroism probes to 
study internal electric fields 





LARGE electric fields outside a highly charged macro-ion or 
between any ion and its counter ion atmosphere form the basis of 
electrolyte theory. The fields manifest themselves in a number of 
macroscopic properties of such systems, but few, ifany, successful 
measurements of such fields Have been possible. We report here 
observations which suggest that optical probes can be used as field 
meters in anisotropic solvents: In aqueous solutions containing 
flow-aligned cylindrical micelles of cetyltrimethylammonium 
bromide (CTAB) several anisotropic anions exhibit linear dichro- 
ism effects which can be ascribed to orientation and perturbation 
of these chromophores by a radially directed field of about 
10° V m` ` surrounding each (CTA *), cylinder. 

Linear dichroism (LD = 4 —A,, definition and measuring tech- 
niques in refs 1-3) and absorption (A) spectra were recorded on 
several substances, added in small amounts (maximum 0.184), in 
aqueous CTAB (20%) solution, in a Couette device at radial 
optical propagation. At the concentration and temperature used, 
this detergent forms practically infinite cylindrical micelles, with a 
diameter of ~ 50 A, which are alignable in a flow gradient*-*, The 
observation of a non-zero LD (Table 1) is not a priori unequivocal 
evidence for an interaction between the chromophore and the 
fields around the macro-ion, but one has first to correct for the so- 
called Wiener dichroism (= WLD, defined in ref. 5) which is the 
imaginary correspondence of form-birefringence. WLD has the 
shape of the absorption spectrum (WLD/A being constant), but its 
sign depends on the dielectric constant of the medium surrounding 
the chromophore. In micellar CTAB, WLD is positive for 
chromophores close to the cationic micelles and negative for 
peripherally located chromophores. Thus anions have positive, 
and cations negative WLD°. The observed LD was corrected for 
the expected WLD (Table 1). For ions like Cr(oxalate)3°~ or other 
pseudo-cubic ions*, WLD is sufficient to explain the observed 
signals. This is also true for anisotropic cations, which by avoiding 
the macro-ion are in regions with comparatively weak electrostatic 
fields. With anisotropic anions the situation is different and after 
eliminating WLD, a sometimes complicated pattern of bands of 
any sign remains (Table 1, Fig. 1). 

From the treatments of Labhart®, Liptay’ and Lin® on mol- 
ecules in electric fields, one has for the absorption difference 4 ,— A, 
due to an electric dipole allowed transition b +- a, at the frequency 
@(A_is the absorption with an angle y between the electric field and 
the electric vector of the polarised light; A is the absorption in the 
absence of field): 
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U = [(2 — cos*z)|Ap(h,a)|? + (3 cos?z — 1)Ip,,-Ap(>,a)|7] 


where B = 1/KT, Pas is a unit vector along the transition moment 
Pav, a(a) and paa = Ler; are the polarisability tensor and the 
permanent dipole moment, respectively, of the ground state. 
Aa(h,a) and Ap(},a) are the difference in polarisability and the 
difference in dipole moment, respectively, between the ground and 
the excited states. If dipole orientation effects” predominate over 
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Table 1 Observed linear dichroism (LD) of various chromophoric ions in the aligned micellar CTAB(20%)/H,0 system 


Wavelength of extrema (nm) LD WLD ELD* 
Chromophoric probe ion Symmetry LD A A A A i 
p-Aminobenzenesulphonate™ C,, 297 295+ — 0.042 +0.02 — 0.06 nf 288 
i 251.5 251.5 +0.034 +0.02 + O8§ 
Methyl orange (4'-dimethylaminoazobenzene- 
4-sulphonate~ : Ca 418 425 — 0.029 +0.02 —0.05 o$ 
Methyl red (4-dimethylaminobenzene- 7 3 
azobenzene-2'-carboxylate)~ ST 515 512 —0.012 +0.020 ~0.03 08 
K 410 410} +0.015 +0.020 +? OF. 
Benzoate™ ai 276.5 276.8 +0.046 +0.02 +003) n/2h 0, 
7 268.5 269.8 +0.040} +0.02 +002 -njo 
262.0 263.8 +0.037ł +0.02 +0,02 
255 256 + +0.02 
<245 —0.07 +0.02 9.09 OF 
Co(ill (ethylenediaminetetraacetate)~ C; 553 538 +0.012 +0.02 Oe 8 
. 380 380 —0.014 +0.02 ~0,03 OFF 
trans{Co(ethylenediamine)2C12]* Ds, 610 610 —0.014 —0.017 0 ott 
oe x 460 —0.01 —0.017 0 tt 
` <325 ~0.014 —0.017 0 f? 
Cr(oxalate)33~ D, 570 570 +0.023 +0.020 0 t 
: 415 417 +0.029 +6.020 0 +F 
; 270 270 +0.032 +0.027 0 +t 
| Go(ethylenediamine).CO, * C, 520 525 —0,010 -0,017 0 hi 
. 358 360 --0.010 ~0.017 0 a»: 





Concentrations of added impurities were varied according to A = 0.1 —1.5 (atd = 0.1 cm) without any noticeable variation in the LD/A spectrum. 


*Recorded LD adjusted for WLD estimated according to ref. 5. 
+Shoulder. 

{Value referring to resolved component. 

Band polarisation confirmed in LD study in stretched polymer sheet. 
“d-d transition 'T,,—'A,,in O,)?. 

**d-d transition 'T,,'A,,inO 
+t+Unpolarised isotropic transition. 
tINo dipole moment. 
§$Assignment according to ref. 11. 


effects due to electronic perturbations (that is, T, U and (a) can be 
neglected) we have 

=i 

~ 10 


where @ is the angle between pa, and paa. After scaling by — 1/2 
equation (2) applies to the geometry of the CTAB system (|| = the 
direction of the micelle cylinders). In Table 1, 0 values are given 
when Pa» is available from spectroscopic assignments and paa from 
geometrical considerations. For an ion the dipole moment is 
referred to the centre of massas origin. A generally poor agreement 
indicates that the assumptions behind equation (2) are not justified 
here. But, we get an accurate order of magnitude of the field (or at 
least the minimum field) since the field appears as a squared term. 
Thus (4,—A)/A = +0.03+0.01 is consistent with 
pE/kT = 0.39 40:06 for.a polar molecule with @ = 0. If the 
permanent dipole moment is-5 D, which is reasonable for p- 
aminobenzenesulphonate. at a neutral pH, we get 
E = 25x 108 V m7 t (20%). 

A more satisfactory treatment should rest on a semi-empirical 
evaluation of S; F and U by electric dichroism spectroscopy. In 
Fig. 2 we show the A,22.;2—A spectrum of methyl red in the 
presence of an applied external electric field. As predicted by 
equation (1) the signal was found to be proportional to E*. The 
contribution from the T, ‘polarisability’, term is predominant and 
a-curve with the shape of 64/é@ is obtained. Returning to the 
spectrum of methyl red at the surface of (CTA *), micelles (Fig. 1), 
we may now rationalise it, with the aid of the ‘artificial’ spectrum, 
in terms of an electrostatic field, radially directed from the 
(CTA*),, and with a strength of 1.45 x 10° V m7 +. A higher value 
results if the incomplete alignment of the micelles is taken into 
account. 

The present findings also agree with the field expected from 
electrostatic theory. We assume that the observed phenomena take 
place for ionsat a distance r from the charged surface of the macro- 
ion (r being less than the thickness of the ionic atmosphere). From 


A 


aids 


A-A, 
A 


P,allE| 
kT 


207 Arn 
A 





2 
) (3cos?8—1) (2) 


a: isotropic but may in C, get a certain allowance along the C,-axis, that is, parallel to p 


the difference in potential between bound and free counterions one | | 


may approximate the field as'° oie 


I In(R’/R) ye 
E= (R‘/R) } 


: D 


r E 


where y is the apparent degree of dissociation of counterions, Ris 


the apparent radius of the macromolecule and R the radius of its a 


free volume, d the average distance between neighbouring ionised 
groups and g the dielectric constant of the solvent (water). Inthe 


present system we take y < 0.5, R'/R = 0.2andd = §x107'°m, | 


so in the region 5-10 A from the cylinder we have fields ranging © 

between 8 x 10° and 4 x 10° Vm7!. l 
Platt’? suggested the term electrochromism to designate alf- 

changes in optical absorption or emission of molecules in con- 

densed phases due to external electric fields, thus including energy 
Fig. 1 Linear dichroism LD = da and absorption (4). of 
methyl red in 20% CTAB, 80% H:0 at a Couette flow of 
G = 2,600 s~ € (vy) and 5,000 s~ ' (O). Optical path-length; 0.10.cm. 
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Fig.2 a, Absorption and, b—c, electric linear dichroism 
(ELD = Ax =n; —A)of methyl retin polystyrene sheet (thickness 


0.0065 em) obtained as the absorption difference with and without a 
longitudinal electric field (a field sinusoidally oscillating at 470 Hz 
between Ü and a given amplitude value, limited by flash-over around 
4,000 V, was used together with lock-in electronics). c, Curves 
recorded ip mediately after applying the field (no orientation) at0( [ 

Oo fe). 1.6, 20, 2. H 2,5 and 3.82107 Vm certain 
orientation) at two Spectral band widths: 2 nm {noisy curve) and 
8 nm. Fringes due to.interference in film, visible in the former 
spectrum. d, Steady state ELD signal at 525 nm, from the sample 

in ac plotted versus E’. 
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shifts as well as anisotropic phenomena (Kerr effect, electric 
dichroism). Much interest has recently centred around the internal 
fields in biomembranes'*, solid polymers!‘ and so on, and the use 
of dye'® probes to study isotropic manifestations, such as shifts 
and intensity changes, of the solvent field has also been discussed. 
Here we report the possibility of discriminating the field effects by 
using anisotropic ‘solvatochromism’. 

This work was supported by the Swedish Natural Research 
Council (Project K-3216). 
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Quasi-Fermi level measurement 
in an illuminated GaP photoelectrolysis cell 


No experimental procedure is known for measuring directly the 
position of the minority carrier quasi-Fermi level, », at the 
surface of a semiconductor electrode'. ọ is an important para- 
meter in studies of photoelectrolysis (p.e.) (ref. 2), of surface 
states, of catalysis, of the anomalous intensity dependence of 
the photovoltage of Schottky barriers*, and of the efficiency and 
stability against corrosion of low-cost photoelectrochemical 
solar cells. Hence a means for determining @ should be of wide 
interest. I describe here a technique which results from an effort 
to measure changes in the potential versus standard calomel 
electrode (SCE), Vau, of a thin porous Type B gold film’ 
evaporated on the surface of n-GaP in a <Au/GaP/K,SO,/Pt> 
p.e. cell when the cell is illuminated with photons having energy 
hv> Eg, the 2.23 eV energy gap of GaP. Changes in Vau of 
~ +10 Y have been observed. It is shown below that Ma, ~ 9, 
the minority hole quasi-Fermi level in the illuminated n-GaP 
anode. This series of measurements provides other valuable 
information. The valence band (VB) of the Au/GaP anode is 
shown to > 0.21 V below, or anodic to, the OH~/H.O redox 
potential, so that oxidation of OH- is possible. But, p.e. with 
liberation of H, and O, is shown to be highly improbable. The 
results provide evidence that the Type B gold film does not 
protect the GaP surface against electrochemical corrosion. The 
variation with time of Vau provides a sensitive indicator of the 
existence and rate of GaP corrosion. The technique for deter- 
mining @ should be applicable to semiconductors, both n- and 
p- type, other than GaP. 

The single crystal n-GaP (Metals Research) anode was pre- 
pared with a sintered Au + 12°Ge alloy ohmic contact on the 
rear surface and the front surface was.étched in aqua regia. A 
ring of electrically insulating Sealit (Fisher Scientific) 1 mm wide 
was painted on the front surface at its perimeter, leaving.a clear 
area in the centre. A 16 nm thick Au film was rapidly evaporated 
G s) to cover both the Sealit ring and the clear area. Electrical 
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contact to the Au film was by means of a Au-foil ring placed 
between the gold-covered Sealit and the polyethylene cell wall, 
which had a 0.6-cm diameter hole through which illumination 
reached the 0.12-cm? exposed Au surface. 

A schematic view of the cell and electrical connections is given 
in Fig. 1. Hlumination intensity L approximates 2am1 suns œ 150 
mW cm~*, Potentials were measured between the Au ring and 
SCE (Vay), between the GaP ohmic contact and SCE (gap), and 
between the GaP ohmic contact and the Pt cathode (Vee). 
Vaw Voar and Feen were first noted for the open-circuited 
(o.c.) cell, dark and then illuminated. Measurements of these 
potentials were then repeated for the short-circuited (s.c.) cell, 
along with observations of current J and time T. No external 
potential was applied at any time to the cell. N, was bubbled 
through the electrolyte during the measurements. 

For the o.c. dark cell, Vau ~ Voar ~ +0.09 V (SCE); for 
the o.c. illuminated cell Vau = —0.03 V, Voa = —1.0 V 
(initially). We interpret this illuminated result to mean that the 
initial energy difference between the electron Fermi level, 
E! = Voa, and @p = Vay, equals 0.97 V. The result also 
shows that illumination has caused a —-0.13 V cathodic shift 
in the Fermi level of the Au film. The photovoltage generated 
through separation of electron-hole pairs by the electric field 
of the surface Schottky barrier causes Vg,p to shift to —1.0 V 
versus SCE. 

The s.c. results, more characteristic of normal cell operation, 
are given in Fig. 2. The outstanding feature of the data is the 
immediate rise of Vau from +-0.08 V to +0.92 V (SCE) when 
the Au/GaP anode is illuminated. The OH~/H,O redox 
potential is at +0.71 V (SCE) for the pH 4.6 electrolyte so that 
oxidation of OH ` ions by the photoholes is initially possible. 
There is a sustained rise of / during the first few minutes of 
illumination together with the associated parallel shift in the 
cathodic direction of Vau and Vgap. Current J continues to rise 
even when Vau becomes cathodic to the OH~/H,O potential, 
indicating that the major part of J is due to oxidation of some 
species other than OH ~. There is an initial difference of 0.99 V 
for Vau- Vear, equal to the initial o.c. potential difference, 
and the reduction of this difference with time as V4, falls off 
more rapidly with time than does Vgap. 





Fig. 1 Schematic view of cell for measuring Vay. 1, Light from 

150-W quartz—I, lamp; 2, quartz cell window; 3, polyethylene cell, 

2.5 em wide; 4, 0.1 M KSO, at pH 4.6; 5, large Pt black cathode; 

6, Luggins capillary and SCE; 7, polyethylene mount for anode; 

8, Sealit cement; 9, Au/ n-GaP anode; 10, DMM having 
Rin> 10° Q. 
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Fig. 2 Time variation of gold-film potential (@), bulk n-GaP 
potential ( A ) and cell current (x) during the first 10 min of s.c.- 
illuminated operation. Note the gold-film potential is anodic 
to the OH~/H,0 redox potential for the first 2 min of operation 
so that oxidation of OH- by the photoholes is possible. 


Agitation of the electrolyte at T = 14 min seems to have 
ruptured the Au film; Vau immediately fell to + 0.08 V and the 
current to 37 pA. Visual inspection of the Au surface from 
outside the cell showed several dark patches. on the Au/GaP 
surface. Inspection later of the cleaned GaP surface revealed 
deep corrosion craters directly below where the dark patches 
had been noted earlier. 

Tests of other gold-covered anodes revealed a pattern of 
behaviour similar to the above, with the exception that the gold 
surface films seemed to be intact. 

Before the results are discussed, the concept of the quasi- 
Fermi level will be introduced and defined, followed by a brief 
examination of key features of the Type B film hypothesis‘. 

Because of the low rate of charge transfer between CB and 
VB of a semiconductor, non-equilibrium concentrations of 
electrons, ny + An, in the CB, and of minority carrier holes, 
Po + Ap, in the VB, are generated by illumination absorbed in 
the surface space charge region. Each distribution has in 
general a different mean free energy and a corresponding 
quasi-Fermi level. Unless L is very large, An< 7 = 2 x 10" 
cm~, so that the electron mean free energy and Fermi level 
remain virtually unchanged by the illumination. But Ap > po 
the minority hole concentration in the n-GaP, so that p, can be 
changed drastically by the illumination. Thus 


D, = A + kTje {1n [po + Ap)im}} (1) 


Ap~Lt (2) 


where n is carrier concentration and A the electron Fermi level 
in an intrinsic GaP semiconductor. tp is the hole lifetime near 
the n-GaP surface. 

The model‘ for the Type B film assumes the existence of a 
2 nm thick semi-insulating oxide film between the Au film and 
the GaP substrate. Photoholes from the n-GaP can tunnel 
through the oxide film into the Au film. Positive charge and 
potential build up in the Au film until the rate at which holes 
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enter the film equals the rate at which holes oxidise redox 
species, such as OH™, in the electrolyte. To maintain the net 
flow of holes and the current in the s.c. cell, ©, will be more 
anodic than Vau and Vau more anodic than the redox potential 
of the oxidised species. If the oxide is thin and easily tunnelled 
through, indicated by an abrupt rise of Vau when L is turned on, 
one expects au~ Pp. Also in this case the maximum value of 
Vau~ Faar for the o.c. and s.e. cells should be almost equal, in 
agreement with the results above. 

For the s.c. results it is possible to demonstrate a set of 
relationships between the cathodic shifts of Vau and Vgap and 
the sustained rise of / during the first few minutes of cell 
operation. (1) The cathodic shift of Voap is equal to the shift of 
the Pt cathode potential as increasing amounts of H are 
reduced and absorbed on the Pt surface by the photoelectron 
current originating in the CB of the n-GaP. (2) For constant L, 
equation (1) indicates that Vau— Voap should remain constant 
with time. This is not observed, however, instead Vau shifts 
more rapidly in the cathodic direction than does Vaar. (3) We 
attribute this observed difference in rate to electrochemical 
corrosion of the GaP surface beneath the Au film, according to 
the following sequence: GaP corrosion—>increased surface 
recombination rate for electrons and holes—-reduction in 
tp--reduction in Ap--reduction in ®,->Vay—Voap decreases 
with increasing time. (4) The sustained rise in J during the first 
3 min may be due to a corrosion-generated local increase of H+ 
under the Au film® which in turn increases the corrosion rate 
and 7. The intensity L establishes an upper limit for / so that 
I peaks and then begins to fall off as corrosion reduces tp and 
Ap. 

If the above analysis is valid, then the observation of a 
reduction in Va,— Voap with time can be used as a tool for 
determining the existence and rate of electrochemical corrosion 
under the protective Au film. It could thus serve to evaluate 
photoelectrochemical solar cells and their rate of corrosion in 
various electrolytes, 

Data of Fig. 2 also provide information about the flat-band 
potential, €m, of the Au/GaP anode and the possibility of p.e. 
The VB edge of the Au/GaP anode is more than 0.21 eV below 
the OH ~/H,O redox potential since P, must be above the VB 
edge; Ap in equation (1) cannot exceed the density of hole 
states in the VB,er, is approximately 2.23 eV above the VB edge. 

During the first few minutes of s.c. operation, when Vau is 
anodic to the OH ~/H,0 potential, oxidation of OH~ by holes 
in the Au film is possible. In the absence of an external potential 
p.e. ts not possible since Vau—Voap ~®,—E! < 1.23 V, the 
p.e. threshold, at all times. Equation (1) shows that a 10*-fold 
increase in L and Ap would be required to make Vay—-Voap © 
1.23 V. A Pd film evaporated on to the surface of the Au film? 
will not alter this conclusion (in agreement with some 
preliminary results). 

Finally, we may conclude that in almost neutral aqueous 
electrolytes a n-GaP surface cannot be protected from electro- 
chemical corrosion through use of a porous gold film evaporated 
on to its surface. 


WILLIAM E. PINson* 
Infrared Photo Limited, 
41 Palsen Avenue, Ottawa, 
Ontario, Canada K2G 2W3 


Received 20 June; accepted 12 July 1977. 


* Visiting professor, Physics Department, University of Ottawa, Ottawa, Ontario, 
Canada KIN 6N5. 


1 Gerischer, H. Proe, Int. Conf. Photochem. Conversion Storage sol. Energy Univ. 
Western Ontario, London, Ontario, Canada (August, 1976). 

2 Manassen, J, Cahen, D., Hodes, G. & Sofer, A. Nature 263, 97-100 (1976). 

3 Gerischer, H. J. electroanalyt. Chem. 58, 263-274 (1975). 

4 Nakato, Y.. Abe, K. & Tsubomura, H. Ber. Bunsenges. physik. Chem. 80, 
1002-1007 (1976), 

5 Gerstner, M. E., Harris, L. A. & Wilson, R. H. Abst. 442 RNP, Philadelphia 
Meeting Electrochem. Soc. (May, 1977). 


Nature Vol. 269 22 September 1977 
ALATA PE IRS IPP Io A EPPERSON SOD 





The first cubane-type fluoro-bridged cluster 


CUBANE-TYPE clusters containing the unit M.A; have been 
the subject of many investigations. Several of these systems 
have been characterised by X-ray structure determination. 
Such clusters are important from a bioinorganic point of 
view, for example, FeS, clusters in iron-sulphur proteins’. 
From a catalytic point of view, clustered compounds are 
becoming increasingly important as models for hetero- 
geneous catalysts, and even as catalysts by themselves’. 
Monoatomic ligands (for example, A==S, Cl, P, Br, Se) 
have been reported as bridging ligands in cubane-type 
clusters, but larger groups are known in which C, N, and 
O act in a similar way’. No cubane-type clusters have been 
previously reported with the highly electronegative F` ion 
as a bridging ligand. We describe here the synthesis and 
structure of the first fluoro-bridged cubane-type cluster, 
having the formula [MiF.(L).] (BF), in which M=Mn, 
Cd, Co and L = N-ethylimidazole or N-propylimidazole. 
On reaction of M(H.O) (BF: in ethanol-triethyl ortho- 
formate with an ethanolic solution of the ligand, finely- 
divided white powders (Mn, Cd) or purple crystals (Co) 
separate, analysing as M(ligand);BF;. In these circum- 
stances the F` ions are spontaneously generated by a slow 
decomposition of the BF, ion. Such a decomposition of 
tetrafluoroborates, yielding fluoro complexes, has been 
reported in a few other cases, yielding polymeric fluoro- 
bridged systems‘, dimers (M2F.)° and also monomers MF; 
(ligand); (ref. 6). 

X-ray powder diagrams showed all compounds to be 
mutually isomorphous. Infrared spectra indicate the 
presence of uncoordinated BF,” ions. Ligand-field spectra of 
the Co(i1) compounds indicate a six-coordinate octahe- 


drally-based geometry for Coi), whereas magnetic 
measurements at low temperature (2-80K) show the 
presence of a weak anti-ferromagnetic exchange 


(— J ~ 1 cm”) between the Col) ions. The strong far- 
infrared absorptions around 300cm™' suggest the presence 
of bridging M-F-M units. From these physical measure- 
ments a cubane-type structure was proposed. To verify this 


Fig. 1 Cubane-type cluster of Co,F, (N-ethy! imidazole),.‘* 
with the first coordination sphere around cobalt. Mean distances 
and angles are: Co-F = 2.14(2) Å; Co-N = 2.19(3); Co-Co = 


3.29(2); F-F = 2.711); < F-Co-F = 78.5(5)°; < Co-F-Co = 
100.5(5)°. 





2 Fluorine 
O Cobalt 
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proposal a crystal-structure determination was undertaken. 

An octahedrally shaped crystal of Co(N-ethylimi- 
dazole)sBF; having the approximate edges of 0.2mm was 
selected. The crystal belongs to the cubic space group Pa3 
with a = 25.797(1) A. The experimental density of about 
1.4g cm™ indicates that 32 ColsBF; units are present in 
the unit cell. One unit occupies an eightfold position 
(the threefold axis); the other one is in a general 24-fold 
position. The cluster, consisting of four CoLsBF; units, has 
trigonal symmetry. At the present stage of refinement 
Ry = 0.13. The cluster is drawn in Fig. 1. The trigonal 
clusters can be considered as being built up by two inter- 
penetrating tetrahedrons. The F, tetrahedron is sym- 
metric: all F-F distances are equal: within experimental 
error. The Co, tetrahedron has a larger edge and is slightly 
elongated in the trigonal direction: Co-Co = 3.28-3.31 A. 
This relatively large Co-Co distance suggests at best a weak 
Co—Co bonding. The Co-F and Co-N distances have normal 
values compared to other octahedrally coordinated Co(11) 
compounds. The BF, ions are located outside the cluster; 
one BF, is on the trigonal axis, whereas the other anion is 
in a general position. Due to disorder the orientation of 
the BF,” anions cannot be determined accurately. 

The Co-F-Co angles of about 101° are important in 
understanding the low-temperature magnetic behaviour of 
this compound. According to De Jongh and Block’ bond 
angles larger than 90° should result in antiferromagnetic 
behaviour, in argreement with the experiments. 


J. C. JANSEN 
H. van KONINGSVELD 
J. REEDIJK 


Delft University of Technology, 
Department of Chemistry, 
Delft-2208, 

The Netherlands 


Received 4 July, accepted 8 August 1977. 


1 Holm, R H Endeavour 34, 38-45 (1975). 

2Demitras,G C. & Muetterties, E L J Am chem. Soc 99, 2796-7 (1977). 

3 Bertrand, J. A. & Eller,P G Progr inorg Chem 21, 29-53 (1976). 

4 Guichelaar, M A, van Hest,J A M & Reedijk, J. Inorg -nucl Chem Lett 10, 
999-1004 (1974) 

3 Jansen, J. C. & van Koningsveld, H. Cryst. Struct Commun. 5, 441-445 (1976) 

6Smit,S & Groeneveld, W, L Inorg nucl. Chem. Lett 11,277-80(1975). 

7 Babel, D Z Anorg. Allg. Chem. 369, 117-30 (1969 

8 Clarke,P J & Mi ledge, M J Acta Crystallogr B31, 1543-53 (1975). 

9 de Jongh, L. J. & Block, R Physica 79B, 568-93 (1975) 








Hydrothermal manganese 


in the Galapagos Rift 


HYDROTHERMAL emanations originating at mid-ocean ridges 
have been thought!— to provide a substantial source of man- 
ganese to the ocean but the evidence supporting this hypothesis 
has been indirect. Anomalous manganese concentrations have 
been measured in naturally occurring systems where seawater 
is in direct contact with lava flows®—§. Laboratory studies have 
shown that seawater tends to leach manganese from basalts at 
elevated temperatures and pressures’—4. Anomalously high 
manganese accumulation rates have also been determined for 
sediments adjacent to active ridge systems, most notably the 
East Pacific Rise!#—4. No measurements of manganese con- 
centrations in seawater near mid-ocean ridges, or in hydro- 
thermal fluids emanating from these ridges, have yet been made, 
however. We report here the results of the first such direct 
measurements, which show that manganese is being injected 
into the deep sea by hydrothermal circulation of seawater 
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through newly-formed oceanic crust. 

We analysed water samples collected in the Galapagos Rift 
during two cruises of the RV Melville (Pleiades expedition, Legs 
1 and 2). These samples were collected from hydrocasts and with 
a remote-controlled sampler attached to the Deep Tow vehicle 
of the Scripps Marine Physical Laboratory. Unfiltered aliquots 
of these samples were acidified to pH 2 with redistilled 6M HCl. 
Manganese was determined by addition of radioactive “Mn, 


Total dissolvable 
manganese (ug per kg) 


0 0.5 1.0 





Depth (m) 





Fig. 1 The concentrations of TDM plotted against depth for 
samples collected from hydrocasts at two Pacific locations.” 
@, Samples collected during the Geosecs program at station 
343 (16°31-6°N, 123°1.4’°W). A And ©, samples from eight 
Pleiades Expedition stations taken at the Galapagos Rift survey 
site (0°35.5’ to 0°48.0’N, 86°4.7’ to 86°10.2’W: see map ref. 15) 
A, Pleiades Leg 1; O, Pleiades Leg 2. A, Deep Tow samples, 
although results for samples 7-0 and 8-3 are not plotted. The 
size of the symbols approxunates the analytical uncertainty of 
the measurements. 


adjustment of the pH to 8, extraction of manganese into 8- 
hydroxyquinoline in chloroform, and back extraction into 
3M HNO (ref. 1). Manganese concentration in the 3M HNO, 
solution was measured using an atomic absorption spectro- 
photometer with a graphite furnace and the yield was deter- 
mined by counting the 835 keV Mn y ray. From these data 
and the volumes of the initial sample and concentrate, the 
manganese concentration of the initial sample was calculated. 
This value, which is believed to include all dissolved and 
particulate manganese except that fraction in the lattice of 
silicate minerals, is called ‘total dissolvable manganese’ (TDM)'. 

Figure 1 shows how TDM concentrations vary with depth at 
two separate locations. The shaded circles represent samples 
collected during the Pacific Geosecs program at station 343 
(16° 31.6’ N, 123° 1.4’ W). Of the locations at which we have 
made these measurements, station 343 1s the closest geographi- 
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cally to the Galapagos Rift. Below 1,000 m, the TDM profile at 
this station is typical, with concentrations ranging from 0.017 
to 0.087 ug per kg. Also shown in Fig. 1 are the TDM con- 
centrations found for the samples collected from hydrocasts 
over the Galapagos Rift. They include samples taken at one 
station during Leg 1 and seven stations during Leg 2. These 
samples show TDM concentrations ranging from 0.046 to 
0.90 ug per kg, with a maximum at the depth of the ridge crest 
in the study area. We believe that these anomalously high 
concentrations are the result of the injection of hydrothermal 
plumes into this area. Furthermore, the fact that the TDM 
concentration increases rapidly with increasing depth implies 
scavenging of hydrothermal manganese from the water column. 

In addition to the high manganese concentrations found in 
the hydrographic profiles, we have made direct measurements 
of manganese in hydrothermal plume samples collected in the 
Galapagos Rift by the Deep Tow sampling system. The hydro- 
thermal origin of these plume samples has been unequivocally 
demonstrated by measurements of excess *He and 2#*Rn 
(ref. 16) as well as by the hydrographic evidence’. The TDM 
results for the Deep Tow samples are listed in Table 1, to- 
gether with the ®#2Rn results!* for the same samples. Sample 
8-3, which had a *2*Rn anomaly of 80 d p.m. per 100 kg, had a 
small positive 5*He anomaly, and sample 7-0, which had a 
*28Rn anomaly of 191 d.p.m. per 100 kg, had a large 5°He 
anomaly. These data show that there is a one-to-one corres- 
pondence between the presence of very high TDM concentra- 
tions, the hydrographic identification of plumes, and the 
presence of excess quantities of helium and radon. The TDM 
concentration in plume sample 7-0 is 50 times the concentration 
in the surrounding bottom water. TDM is thus an exceptionally 
sensitive tracer of hydrothermal fluids: dilutions’ of the order of 
one part in 10° parts bottom water should be measurable. 
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Table 1 Total dissolvable manganese measurements on samples 

collected with the Deep Tow vehicle on the Galapagos Rift (0°48’N, 
85°55’W), Pleiades Expedition Leg I 





- TDM Excess ***Rn15 
Tow no.-bottle no. (ug per kg) (d.p.m. per 100 kg) 
Samples with potential temperature spikes 
7-0 24 191 
8-3 2.1 80 
Near-bottom samples with no temperature spikes 
7-1 0.41 39 
7-2 0.41 49 
8-1 0.77 — 
8-5 0.48 — 
8-7 048 — 
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Sample 7-0 was collected from a hydrothermal plume with a 
potential temperature anomaly of +0.20 °C relative to the sur- 
rounding bottom water’. Assuming that hydrothermal water in 
contact with basalt has a temperature of 100 °C (ref. 17), and 
that a negligible fraction of the TDM in sample 7-0 was 
scavenged before sampling, we calculate that the manganese 
concentration in the undiluted hydrothermal solution is 12 mg 
per kg. This value agrees well with predictions based on measure- 
ments of dissolved manganese in seawater basalt systems? —1, 

Our measurements provide the first direct evidence that 
manganese is injected into the deep water column as a result 
of leaching from newly-formed crust by hydrothermally 
circulating seawater. Although further measurements are re- 
quired to establish the areal.and temporal variability of this 
process, our data suggest that hydrothermal sources represent 
an important part of the manganese cycle in seawater. 
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Solar influence on North 
Atlantic mean sea level pressure 





A PRINCIPAL component analysis (PCA) of mean sea level 
(MSL) pressure data for the North Atlantic-European 
sector of the Northern Hemisphere ‘has revealed evidence 
of a solar-terrestrial relationship. The principal components 
represent independent atmospheric circulation ` anomaly 
patterns and the coefficients give the variation in time 
of the contribution of each anomaly pattern'?. The data 
set described here comprises 101 winter MSL pressure 
anomalies (relative to the 1874 to 1974 winter average) 
on a 25-point, 20° longitude by 10° latitude grid covering 
the area 40°W-40°E, 30°N-70°N. Winters (December- 
February) are dated by the year of the January The suit- 
ability of this grid for calibrating proxy data for the 
European sector is being investigated as a preliminary 
stage to the derivation of Holocene climatic information’. 
The data were obtained from the UK Meteorological Office, 


Fig. 1 Second principal component of winter MSL pressure 
anomalies (mbar). Based on data for the period 1874-1974. 
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and are likely to contain inhomogeneities due to different 
analysis techniques’ and so on. Some errors have become 
apparent in the course of the analysis and in general 
sare confined to negligible low variance principal com- 
¿> ponents. Missing data were replaced by the 101-yr mean 
forthe grid point. Similar principal components were 
“obtained by repeating the analysis for 30-yr sub-intervals. 

A-slight latitudinal. shift in the patterns occurred and 
there was some change-in the relative importance of the 
principal components. Detailed results of the PCA are 
“to be published elsewhere. 

The second «principal component (PC2) accounts for 
20% of the variance of the original data set. The pattern 
is dominated, when its coefficient is positive, by a large 
negative anomaly area to the south of Iceland and west 
of the UK (Fig. 1). Positive anomalies occur over north- 
east Scandinavia. A positive contribution of PC2, therefore, 
represents intensified cyclonic development centred around 
50°N 20°W, corresponding toa southward. displacement 








Variance (°) 





o 10 20 30 40 50 60 
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Fig. 2. Variance spectrum of the coefficients of PC2. 


of the Iceland Low and enhanced southerly airflow over 
the North Sea. The pattern is inverted if its coefficient 
is negative. 

The variance spectrum of the time series of the co- 
efficients of the second principal component is shown in 
Fig. 2. Spectral peaks occur centred at 11, 5.0, 3.4 and 
2.2yr. The 11 and 2.2-yr peaks touch and surpass res- 
pectively the 95% significance level for an a-priori choice 
of period, assuming a white noise null continuum’, The 
2.2-yr peak may. be associated with the quasi-biennial 
oscillation, but it is close to the Nyquist frequency. The 
other three peaks I tentatively assign to the 11-yr sunspot 
cycle and its harmonics; they are jointly significant at 
the 95% level. A conservative estimate of the area 
enclosed by these three peaks is that 25% of the time 
variance of PC2 is associated with these cycles. This 
represents 5% of the total variance in the original data set. 

Further evidence that the 11-yr cycle in the coefficients 
of PC2 is associated with solar variation is, found by 
comparing the spatial pattern of PC2 with the pattern 
of 24-h 500-mbar height change following samples of 
individual solar flares® Schuurmans’ map (Fig. 3) shows 
an area of negative 500-mbar height anomalies (which 
can be interpreted as an anomalous upper air trough) 
over the mid North Atlantic and positive anomalies (an 
anomalous upper air ridge) over western Europe, with 
enhanced upper air southerlies over the eastern North 
Atlantic. The area of negative MSL pressure anomalies 
din PC2 is situated beneath the region of upper air 
‘divergence just ahead of the anomalous upper air trough. 
Such a region is favourable for cyclonic development and 
intensification’. This close correspondence between PC2 and 
the upper air circulation anomaly patterns associated with 
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Fig. 3 500 mbar height change (gpdm) in the 24 h following a 
solar flare (mean of 81 events). (After Schuurmans*.) 


high solar activity lends added support to the reality of the 
solar—terrestrial relationship. As solar flare activity is 
enhanced at sunspot maximum, the longer period solar 
effect on the atmospheric circulation seen in PC2 arises 
through the modulation throughout the 11-yr sunspot cycle 
of the short-term solar flare effects on the circulation. The 
physical mechanism by which low energy solar particles 
emitted in flare events can affect the atmospheric. circula- 
tion has yet to be identified. The pattern of PC2 is very 
similar to the MSL pressure difference between sunspot 
maximum and minimum presented by Parker*, based on 
January data since 1750. An I1-yr cycle is also present in 
the S index, a measure of southerliness over the UK’, This 
variation in southerliness over the eastern Atlantic is a 
common feature of all the MSL. pressure patterns associated 
with solar variation discussed here. 

The coefficients of PC2, passed through a low pass bino- 
mial filter designed to reduce the amplitude of wavelengths 
less than 10 yr by 50% or more’, are shown in Fig. 4. The 
dates of sunspot maxima are arrowed”. An in-phase rela- 
tionship is present during the 1880s and throughout the 
period 1920-60. It breaks down, however, between 1890 
and 1920-and possibly during the 1960s. The relationship 
between North Atlantic sea temperature and sunspot num- 


Fig. 4 a, Coefficients of PC2, smoothed with a 9 weight low 

pass binomial filter*. b, Dates of sunspot maxima”. c, Volcanic 

dust veil index, 10-yr averages?! updated to 1969 (H. H. Lamb, 

personal communication). d, Relative sunspot numbers, 10-yr 
average anomalies relative to 1949-71 mean”. 
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bers, discussed by Muir" and Colebrook’? is also weakest 
about the turn of the century. This apparent variability in 
the strength of the North Atlantic solar—terrestrial relation- 
ship requires further investigation before its predictive 
potential can be realised. There are three possible explana- 
tions for the long-term variability. First, sunspot numbers 
may not be a good indicator of the particular component of 
the solar output affecting the atmospheric circulation 
Second, the volcanic dust loading of the stratosphere was 
minimal during the period 1920-1960" (Fig. 4c) and this 
may have resulted in a stronger solar control on the atmos- 
pheric circulation during that period. At other times, the 
volcanic control may mask the solar effects. Third, the 
amplitude of the sunspot cycle was far greater after 1920 
than before (Fig. 4d). ; 

The principal component analysis of the MSL pressure 
data is to be extended to other sectors of the Northern 
Hemisphere Proxy data for areas where the solar—terrestrial 
relationship is strongest are to be used to lengthen, the 
record of this 11-yr climatic variation and to identify the 
cause of the longer-term variation in its strength. 
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Copper exclusion as a mechanism of 
heavy metal tolerance in a green alga 


ORGANISMS isolated from environments polluted by heavy 
metals are often tolerant of those metals'’*. Tolerance is 
usually accompanied by metal uptake equal to or greater 
than that of non-tolerant organisms"; the accumulated 
metals seem to be chemically detoxified and/or physically 
sequestered to render them inactive”’"’"""**. Because heavy 
metal tolerant algae", plants’, yeast’ and invertebrates*° 
have been found not to restrict metal uptake, metal exclu- 
sion has been considered a rare mechanism of tolerance? 
I report here, however, that a copper-tolerant strain of the 
common unicellular green alga Chlorella vulgaris excludes 
copper. 

Two strains of Chlorella vulgaris Beijerinck 1890 var. 
vulgaris Fott et Nováková were isolated from the River 
Hayle, which drains disused copper mines in Cornwall, 
England. The non-tolerant strain came from a site upstream 
of mining influence where copper was not detectable in the 
water (<0 002 mg 17. The tolerant strain came from a 
polluted site with a total copper concentration in the water 
of 0.12+0.03 mgi* (mean +se.m. of four samples taken 
during 1975-76.) To eliminate any non-genetic variation 
between the isolates, clones of each strain were subcultured 
approximately 30 times on Bold’s basal medium agar“. 

The effect of copper on the growth rates of the tolerant 
and non-tolerant strains is shown ın Fig. 1. Although copper 
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Fig. 1 The effect of copper added to the medium on the growth 
rate of tolerant (@) and non-tolerant (O) strains of Chlorella 
vulgaris Cultures were grown axenically in defined medium 
with constant light (8,000 Ix supplied by 10 40-W warm 
white fluorescent tubes) and temperature (24+1°C). The 
medium contained : 0.20 mM NaNO,;0.04mM MgSO,; 0.07 mM 
CaCl,; 0.25 mM NaCl; 0006 mM K,HPO,; 0.024 mM 
KH,PO,, 50 mM PIPES (piperazine-N-N’-bis [2-ethane 
sulfonic acid]) at pH 6.2; plus 0.01 ml 1~ of each of the standard 
Bold’s basal medium micronutrient solutions but without 
EDTA. The pH was 6.2 at the beginning and end of growth. 
Cultures were of 50-m] volumes in 250-ml conical flasks and 
were aerated by shaking at 60 oscillations min on a reciprocal 
shaker. Copper was added as CuS0O,.5H,O. Growth was 
followed as turbidity using an Evans Electroselenium nephelo- 
meter with a green filter (OGR1) Growth rates were computed 
from a least squares fit to the linear phase of the growth curves 
and are expressed as the reciprocal of the doubling times in b. 
Each point is the mean of three cultures, bars represent the 
standard errors of the mean. 
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Fig. 2 The amount of copper, as percentage dry weight, 
accumulated by the tolerant (@) and non-tolerant (O) straus of 
Chlorella vulgaris against the amount of copper added to the 
medium Stationary phase cells were centrifuged at 500g for 
30 min, washed three times with 50-ml volumes of distilled water, 
and filtered on to washed and pre-weighed Gelman membrane 
filters (0.45 um pore diameter). After drying at 70°C for 24 h, 
filters were weighed to determine dry weight yield, boiled in 
10 mi Aristar HNO, to near dryness, taken to 5 ml with distilled 
water, and analysed for copper with an Evans Electroselenium , 
240 atomic absorption spectrophotometer fitted with a Shandon 
Southern Instruments A3470 flameless attachment (carbon 
rod). Results are expressed as percentage dry weight as copper, 
computed as the amount of copper accumulated by the algae 
divided by the total dry weight yield of each culture, x 100. 
At 0 mg 1 copper, the total yields of the two strains were 
equivalent. With increasing copper, the yields were reduced; for 
both strains, the minimum yields, at the highest copper con- 
centrations, were 60% of those of the 0 mg 1~ copper controls. 
Each point is the mean of three cultures, except those points at 
copper concentrations at which not all cultures grew, namely, 
the non-tolerant strain at 0.25 mg 17! copper (mean of two 
cultures) and the tolerant strain at | mg 1— copper (one culture). 

Bars represent standard errors of the mean. ' 
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reduced the growth rates of both strains, the tolerant strain 
was much less sensitive. A copper concentration of as little 
as 0.05 mg l` decreased the growth rate of the non-tolerant 
strain, and 0.30 mg1` was completely inhibitory. The 
tolerant strain, however, was not affected by 0.10 mgI"’, 
and one of three cultures at 1.00 mg I~’ survived and grew. 
“Other reported effects of heavy metals on unicellular 
algae—increased lag period*~'’, increased cell size’**''* and 
decreased yield of cell number*:’* and dry weight’’—were 
observed with both strains. The appearance of giant cells, 
up to 20 times the normal volume, reflects an uncoupling of 
growth from cell division; as pointed out previously", 
this phenomenon indicates that heavy metals may specifi- 
cally inhibit division in algae. Also, early in the growth 
phase, dividing cells failed to separate, resulting in multi- 
cellular aggregates, which persisted until late log phase. 
Thus it seems that heavy metals also affect cell separation. 

Figure 2 shows that the non-tolerant strain accumulated 
5=10 times:’more metal at comparable external copper con- 
centrations than did the tolerant strain. The growth rate 
of each culture as a function of the amount of copper 
accumulated by the algae is shown in Fig. 3. The lack of 
difference between the two strains implies that they respond 
identically to the same amount of cellular copper. Other 
growth parameters, for example, lag period and yield, are 
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Fig. 3 The relationship between the growth rate of each culture 
and the amount of copper, as percentage dry weight, accumulated 
by the tolerant (@) and non-tolerant (©) strains of Chlorella 
vulgaris grown at various external copper concentrations. 
Growth rate is the reciprocal of the doubling time in h. 


also identical in the two strains at equivalent cellular copper 
concentrations, Thus copper exclusion is likely to be the 
only mechanism of tolerance in this alga. 

There have been a few reports of metal tolerant organ- 
isms that exclude metals. Micro-organisms commonly 
accelerate the vaporisation of mercury’, although 
Davies’ reported that the mercury tolerance ofthe marine 
alga Dunaliella tertiolecta was primarily due to internal 
detoxification. Bryan and Hummerstone® found a zinc- 
tolerant marine polychaete, Nereis diversicolor, to be 
impermeable to zinc, cadmium and manganese; copper 
tolerance in this animal may also result in part from 
decreased permeability”. Other zinc-tolerant organisms, 
including the freshwater bryophyte Scapania undulata”, and 
several species of freshwater filamentous algae (my unpub- 
lished results), also seem to exclude zinc. 

n Because algae form the base of many aquatic food chains, 
¿a mechanism of tolerance involving the exclusion of metal 
may: be important to the ecology of polluted environments. 
A metal that is not accumulated by primary producers is 
less likely to be concentrated in higher trophic levels. 


323 


I was supported in part by a studentship from the 
Huntingdon Research Centre, Huntingdon, Cambridge. 
Patricia L. FOSTER 
Department of Applied Biology, 
University of Cambridge, 
Pembroke Street, Cambridge, UK 


Received 30 June; accepted 4 August 1977. 


1 Bradshaw, A. D. Nature 169, 1098 one 

2 Antonovics, J., Bradshaw, A. D. & Turner, R. G. Ady, ecol: Res. T; 1-85 (1971). 

2 Russel, G. & Morris, O. P. Nature 228, "88D 89 LN 

4 Stokes, P. M., Hutchinson, T. C. & Krauter, K, Can. J. Bot. Si; 2155-2168 
{ 

5 Harding, J. P. C. & Whitton, B. A. Br. phycol. J, UW, 417-426 (1976). 

Turner, R. G. in Ecological Aspects of Mineral Nutrition of Plants (ed, Rorison, 

I. H.) Br. ecol. Soc. Symp. 9, 399-410 (Black well, Oxford, 1969), : 

7 Ashida, J. A. Rev, Phytopath. 3, 153-174 (1965). A 

8 Bryan, G. W. & Hummerstone, L. G. J. mar. biol. Ass. U.K, 5t, 845-863. usn; 
53, 839~ 857, 859-872 (1973). ; 


o 


9 Hutchinson, EC & Stokes, P. M. in Water Quality Parameters,’ ASTM STP oe 


573, 320-343 (Am. Soc. for Testing and Materials, 1975). 

id Brown, B. E. Water Res, 10, 555~559 (1976). 

11 Turner, R. G. & Marshall, È. New Phytol. ot 539-545 (1971). 

12 Silverberg, B. A. Phycologia 14, 265-274 (1975). 

13 Brown, B. E. Freshwat. Biol. 7, 235-244 (1977). 

14 Nichols, H. W. & Bold, H. C. J. Phycol. 1, 34-38 (1965). 

18 Steemann Nielsen, E. & Kamp-Nielsen, L Physiol. Pl. 23, 828-840 (1970). 

16 Nuzzi, R. Nature 237, 38-40 (1972). 

17 Bartlett, L., Rabe, F °W. & Funk, W. H. Water Res 8, 179-185 (1974). 

18 Davies, A. G. J. mar. bial. Ass. U.K. 56, 39-57 (1976). 

19 Greene, J. C., Miller, W. E., Shiroyama, T., Soltero, R. A. & Putnam, K. 
Proc. Symp. on Terrestrial “and Aquatic Ecological Studies of the Northwest, 
Eastern, Washington State College, Cheney, Washington, March 26-27, 327- 
336 (19 

20 TREN ka & Kanazawa, K. Pl. cel l: Physiol, Tokyo 10, 495-502 (1969). 

2} Tonomura, K., Maeda, K., Futai, F., Nakagami, T, & Yamada, M. Nature 
217, 644 (1968). 

22 Ben-Bassat, D., Shelef, G., Gruner, N, & Shuval, H. L Nature 240, 43-44 (1972) 

23 Bryan, G. ‘Win Effects ‘of Pollutants on Aquatic Organisms (ed. Lockwood, 
A. P. M.) Soc. exp. Biol., Sem, Ser. 2, 7-34 (1976). 

24 McLean, R. O. & Jones, A. Freshwat. Biol. 5, 431-444 (1975). 


arent veneeiarsge para mp eS RR TEETER PE IEEE TITIAN 
Genetic variation in wild 
populations of rain-forest trees 





In the tropical rain forest, many tree species grow close 
together, and they are apparently equivalent in their 
edaphic requirements and spatially interchangeable. Most 
species occur at low density although they may be geo- 
graphically widespread. No other plant community contains 
as many species of a single life form as do certain mixed 
dipterocarp forests of the aseasonal wet lowlands of 
Malesia'~*. Such a population structure and level of 
diversity makes it hard to see how speciation has occurred. 
Spatial isolation of individuals and the abundant, normally 
hermaphrodite flowers simultaneously available for fertilisa- 
tion in the canopy of the dipterocarp emergents suggest the 
possibility of self-fertilisation, but many of the understorey 
species are dioecious. As part of a comparative study 
of the reproductive biology of rain forest tree species, 
intra-specific genetic variation of isozymes has been 
demonstrated for the first time in an emergent and an 
understorey species of rain forest trees. Polymorphism is 
common in both species and there is evidence for short- 
range spatial heterogeneity in gene frequency and also in 
leaf morphology. 

The species studied were Shorea leprosula Miq. an 
emergent species, and Xerospermum intermedium Radlk. 
an understorey species. S. /eprosula is a dipterocarp which 
occurs widely in Thailand, Sumatra and Malaysia. X. inter- 
medium is a member of the Sapindacae which includes 
Nephelium lappaceum, the rambutan. Except in Malaysia 
and Borneo, where it is common on well-watered slopes, 
its distribution and abundance throughout South-East Asia 
is not yet known. Samples were collected from three sites, 
mostly from the Pasoh Forest Reserve which is in the 
southern. part of Peninsular Malaysia. 

Electrophoretic analysis of aqueous extracts of leaves 
was performed in starch or acrylamide slab gels and, after 
separation, gels were treated to identify the presence of 
esterases, leucine amino-peptidase, glutamic-oxalacetic 
transaminase, acid and alkaline phosphatase and also an 
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unidentified enzyme which proved useful in S. leprosula. 
Initial difficulties in resolving enzymes, especially in 
X. intermedium, were overcome by incorporating polyvinyl 
pyrrolidone, diethyldithiocarbamate and mercaptoethanol 
in the extraction buffer at pH 8.6; technical details will be 
reported elsewhere. Control extracts were incorporated 
in all runs and the Rr values were adjusted to the value in 
the reference sample to allow comparisons between gels. 
In most systems there was evidence of age-related changes 
in gene activity and so comparisons are confined within 
single age groups, for example, seedlings or mature trees, 
and refer to the presence or absence of a band at defined 
Ry positions. 

In addition to the electrophoretic evidence the study 
has included for X. intermedium an analysis of variation 
in leaf morphology between trees in relation to their 
distance apart. Evidence of a somewhat different kind 
has been provided by comparisons of electrophoretic pat- 
terns in ten species of Shorea with morphological dif- 
ferences between them. 

In S. leprosula in which 80-250 individuals were sampled 
per enzyme system, there is striking evidence of genetic 
polymorphism at alternative Rr positions. Table 1 shows 
that more than half the total number of positions, pooled 
over all systems, show variation while the frequency of the 
rarer state is 0.10 or above. This indicates high levels of 
polymorphism and hence of heterozygosity. We cannot yet 
determine the number of loci involved. Tests of indepen- 
dence of presence or absence of bands for all possible pairs 
generally indicate independence but not always so, probably 
due to determination of more than one band by a single 
locus. Column B of Table 1 allows for such correlations and 
the actual number of loci probably corresponds more closely 
to the bands referred to in column B than to those in A. 
Thus S. /eprosula resembles many other outbreeding species 
in being highly heterozygous. 





Table 1 Combined record of variation in Shorea leprosula shown by 
electrophoretic systems 





A B 

Total no. Adjusted no. 
Rp positions 40 36 
% with variable band 55 50 


presence 





In X. intermedium fewer systems were studied and the 
number of bands per system was less than in S. leprosula. 
In samples from 56 trees, six putatively distinct loci were 
identified and two of these, both determining esterases, 
were polymorphic. Comparisons from wild individuals as 
well as test crosses suggested the occurrence of a pair of 
alleles at each locus, one active and the other null, with a 
frequency of 0.97 and 0.49 for the active alleles in the ‘fast’ 
and ‘slow’ positions, respectively. Each locus conformed to 
the Hardy-Weinberg distribution and each apparently seg- 
regated independently of the other. Thus the genetic situa- 
tion in this species seems to be essentially the same as 
in S. leprosula. 

Spatial heterogeneity was evident in S. leprosula. Samples 
derived from groups of trees separated by approximately 
700 m are likely to differ significantly at one or more Rr 
positions. There is also evidence that the degree of 
difference is correlated with distance apart and this may 
be related to limited dispersal of pollen and fruit. For 
X. intermedium there are similar indications; heterozygotes 
often occur between or close to alternative homozygotes. 
In this species, variation in leaf morphology has been 
studied in samples of generally ten leaflets from 68 trees 
growing in an area 600m”. Analysis of variance within 
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and between trees for leaf length, breadth, vein number, 
ratio of vein number to length and ratio of leaf length 
to breadth revealed highly significant heterogencity between 
trees. The distance between any pair of trees can be 
computed from the coordinates of a rectangular grid applied 
to a map of the trees’ location. The regressions of differ- 
ences for all possible pairs for the leaf characters on dis- 
tance apart proved highly significant (P < 0.001). How 
far genetic variation contributes to the variation in the 
leaf characters is not known but this evidence is not in- 
consistent with that from the electrophoretic study. 

The electrophoretic patterns of 10 species of Shorea were 
compared for esterases, glutamic-oxalacetic transaminase 
and alkaline phosphates. An index of similarity (J) refers 
to the ratio of bands in common to total bands identified‘. 
Combining the systems the total band number ranges from 


aeaee 


Table 2 Values of 7 based on gel-band patterns in comparisons of 
species of the genus Shorea with S. leprosula 





Total no. 
Species of bands I 
S. curtisii 32 0.500 
S. parvifolia 33 0.424 
S. acuminata 29 0.413 
S. dasyphylla 29 0.275 
S. macroptera 31 0.258 
S. lepidota 27 0.222 
S. macrantha 29 0.137 
S. hemsleyana 29 0.103 
S. ovalis 35 0.000 





27 to 35. Table 2 shows the paired comparisons between 
S. leprosula and nine other species. There is good agree- 
ment between / value and taxonomic affinity’. Thus 
S. leprosula, S. parvifolia Dyer and S. curtisii Dyer ex King 
are taxonomically close and agree in having high Z values. 
Indeed for S. leprosula and S. curtisii we have the highest I 
value of 0.5 and for these two species hybrids have been 
identified in the field. Comparison with S. ovalis (Korth. Bl. 
provides a zero value consistent with its taxonomic position 
in a separate section of the genus. It is likely that such 
electrophoretic evidence will make a valuable contribution 
to the taxonomy of dipterocarps and probably other groups 
where specific distinctions are often hard to define. 

In S. ovalis, a tetraploid, 40 seedlings were collected from 
the base of four possible parent trees and examined by 
electrophoresis; altogether 36 Rr positions were available 
for comparison and of these only two, both esterases, were 
variable. The low level of variation in this species may be 
related to self-fertilisation (H. T. Chan, work in prepara- 
tion). 

We infer from the evidence reported here that both the 
emergent species S. /eprosula and the understorey species X. 
intermedium have an outbreeding system, combined possibly 
with short-range heterogeneity in gene frequency which 
may be related to predominantly short-range pollen and 
fruit dispersal. The latter conditions contribute to physical 
isolation between populations and hence may promote 
speciation. Our findings are being compared with evidence 
relating to cytology, fertility, pollination mechanisms and 
breeding structure to set the evolutionary problems of rain 
forest trees in better perspective. 
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Freezing avoidance by deep 
supercooling in hydrated lettuce seeds 


Dry seeds of several species survive exposure to extremely 
low temperatures, including immersion in liquid air for up 
to 60d (refs 1-3), but most young seedlings are very 
~ susceptible’. Fully hardened twigs of several northern tree 
“species tolerate freezing in liquid nitrogen (— 196 °C) (ref. 
-0 5), and deep supercooling seems to be an important mech- 
“anism for the avoidance of freezing in both xylem ray 
parenchyma and flower buds of many other hardy but less 
cold resistant, deciduous, woody species*’. Resistance to 
freezing stress in seeds has been suggested to be related to 
water content“, but little attention has been paid to 
either the relationship between stage of germination and 
degree of freezing resistance or the nature of the resistance. 
We report here that hydrated lettuce seeds (achenes) can 
avoid injury by deep supercooling and that the level of 
resistance can be determined precisely by differential 
thermal analysis (DTA). Furthermore, we show that the 
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deep supercooling is dependent on the intact structure of 
the endosperm. i 
Experiments were conducted with seed of Grand Rapids 
lettuce. Moisture content was controlled by leaving seeds 
to imbibe water for specific intervals; by leaving them. to 
imbibe in different concentrations of polyethylene, glycol- 
(molecular weight 6,000, PEG 6000) for specific intervals; 
and by storing them at controlled relative humidities in 
closed vials on top of various concentrations of HSO, — 
Moist seeds were dried rapidly between filter. papers and 
samples were prepared for freezing and for determination of | 
water content. Seeds that had imbibed in polyethylene glycol 
were washed three times with distilled water before preparas = 
tion. Dry weight was determined after drying at 105°C for 
24h. Moisture content was calculated as percentage water. 
of fresh weight. Supercooling nucleation points were deter- 
mined. by DTA. (ref, 7) with an automatically c 
trolled, liquid-Ne-cooled Cryoson freezing system, wit! 
a constant freezing rate of 20 °C per h...Exotherms wer 
recorded on potentiometric recorders, at 0.5 mV, con 
nected to the ‘samples with 0.5mm- copper-constan 
thermocouples. Between 1 and 10 seeds were used 
with each recording channel. Samples (10 to about - 
100 seeds) for survival tests were removed from the freezer 
at predetermined temperatures and kept at 2 °C for 2-4h 
before ability to germinate was tested in light at 24°C. 
Seeds were counted after 3d and the percentage of germi- na 
nated and growing seeds was used as a criterion for via- 
bility. j 
Lettuce seeds with 5-13% water content were not. 
injured by freezing to —196 °C, but with 13-16% moisture, 
the threshold of freezing tolerance declined to —40 °C (Fig. 
la). No exotherms were detected by DTA in either case 
but two types of exotherms were found in intact seeds 
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containing more than 20-25% water (Fig. 2). The first 
appeared as a single peak when the temperature of the 
sample was —10+2 °C regardless of the number of seeds 
in the sample, indicating that the nucleation point for this 
peak is remarkably uniform. This exotherm is not related 
to the injury of intact seed and we suggest that it represents 
freezing of extracellular or bulk water in the outer layers, 
similar to extracellular freezing of other plant tissue’. Each 
seed frozen showed one deep supercooling exotherm. These 
secondary exotherms represent the killing point of in- 
dividual seeds. In seeds imbibed in PEG 6000 the mean exo- 
therm temperature was linearly correlated (r = —0.84, P< 
0.001) with the moisture content within the limits of 20- 
40% (Fig. 1b). A plateau was reached at 40-50% moisture 
where the mean exotherm temperature of intact seeds 
remained at —16+2 °C (r = 0.004), irrespective of imbibi- 
tion time (4-72 h). There was no effect of red (5 min, 4.2 uW 
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Fig. 2 Differential thermal analysis of lettuce seeds with 
moisture contents at various levels. Ten seeds in each sample. 
Figures and arrows show the percentage of survival (germination) 
in samples removed at temperatures indicated, those in paren- 
thesis show survival of samples frozen down to —35 °C. Freezing 
rate 20 °C per h in all cases. To obtain the various moisture levels 
seeds were imbibed at 30°C in darkness either in water for 
various times (a-i) or in various molal concentrations of PEG 
6000 (j~m) for 24 h. a, 0 or 5 min imbibition, 5.7-16% water 
content; b, 10 min, 20°%; c, 20 min, 26%; d, 30 min, 32%; e, 
60 min, 41%; f, 4h, 49.7%; g, 8h, 49.5%; A, 12h, 48.8%; 
i, 24 h, 51.2°%; j, 0.12 molal, 21.9%% water; k, 0.10 molal, 26.0%; 
1, 0.08 molal, 33.3%; m, 0.06 molal, 38.2%. 
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Fig. 3 Differential thermal analysis of lettuce seeds. a, Intact 
seeds; b, seed coats removed; c, excised embryos; d, endosperms; 
e, intact seeds stuck four times with a needle; f, germinated 
seeds. Figures and arrows are as in Fig. 2. Seeds coats and 
endosperm were removed with a scalpel under a stereoscope in 
light after an imbibition at 30°C for 16h. Seeds stuck with a 
needle were imbibed in water for 4h at 30°C. There were ten 
seeds or embryos in each sample. 


cm? nm"! at 660 nm) or far red (5 min 24 uW cm” nm“ at 
730 nm) irradiation on the position of the secondary exo- 
therms up to 8h after exposure of seeds. 

The freezing pattern changed considerably, however, after 
disruption of the endosperm-—seed coat envelope. As soon 
as the radicle emerged the secondary exotherms dis- 
appeared and the first exotherm represented the killing 
point of the seed (Fig. 3). Similarly, embryos excised from 
the seeds after imbibition for 2-12 h produced only one exo- 
therm and did not survive below this nucleation temperature 
(Fig. 3). The occurrence of secondary exotherms depends on 
the intact structure of the endosperm. If fruit coats were 
excised carefully without injury to the endosperm envelope, 
embryos did supercool as detected by the presence of 
secondary peaks at the nucleation points, but if the endo- 
sperm was damaged, for example with a needle, deep super- 
cooling ceased and death was coincident with the first peak 
(Fig. 3). 

Therefore the integrity of the endosperm envelope seems 
to facilitate deep supercooling which concurrently imparts 
freezing avoidance to —12° to —18 °C in intact, imbibed 
lettuce seeds. Deep supercooling of lettuce seeds is not, 
however, an exclusive property of live seeds: it also occurred 
with intact, imbibed seeds which had been killed by low or 
high temperatures. Work with apple stems has shown that 
intact dead twigs yield exotherms if rehydrated to 20% 
water but not if ground to a fine powder’. 

The mechanism by which the intact endosperm im- 
parts freezing avoidance to the embryo is not 
clear. Perhaps disruption of the endosperm facilitates inti- 
mate contact of relatively pure water in the coats with the 
water in the embryo, thus providing ice crystal formation in 
all parts of the seed at the first exotherm. Germinated 
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seeds contain slightly more water than imbibed non- 
germinated seeds, and perhaps endosperm injury increases 
embryo. water content. But even embryos excised from 
seeds imbibed in 0.10 molal PEG 6000 and kept in 0.12 
molal PEG 6000 during freezing did not yield secondary 
exotherms. 
The mechanism of freezing resistance in lettuce seeds 
seems to resemble those found in other tissues and species 
at various stages of cold hardiness. We suggest that lettuce 
seed offers a useful system for the study of mechanisms of 
freezing tolerance and avoidance. 
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Guard cell malic acid 


metabolism during stomatal movements 


THe mechanism by which stomata open and close has long 
been a puzzle, but only now are we beginning to make 
major advances in our understanding of their metabolism. 
It has been concluded that guard cells can fix CO, and in- 
corporate it into starch’™*. It has been shown that the 
bulk of, if not all, the CO: fixed by guard cells is converted 
to oxaloacetic acid (OAA) by phosphoenolpyruvate 
carboxylase and the OAA, in turn, is reduced to malic 
acid’. Some amination of OAA producing aspartate has 
also been detected’. Although there is indirect evidence 
suggesting that aspartate and/or malate can provide carbon 
for starch synthesis in the guard cells* direct evidence for 
this is lacking. We have investigated some characteristics 
of guard cell CO; fixation which directly results in organic 
acid formation and we also have direct evidence that malic 
acid is a precursor of starch formation. 

Microautoradiography showed that guard cells in epi- 
dermal strips of Commelina communis L. were able to fix 
CO, in the light or the dark irrespective of whether stomata 
were open or closed. Although some localisation of “C could 
be detected in the region of the epidermal cells the label 
was concentrated within the stomatal complexes, These 
observations were confirmed by CO, fixation kinetics experi- 
ments. Figure 1 shows similar rates of “C uptake by 
epidermal tissue of- C.: communis when floated on a 
NaH"CO; solution in the light or the dark. Slightly greater 
uptake rates of “C were obtained in the light when epi- 
dermal tissue of C. diffusa was cut into small pieces and 
immersed in NaH™CO; solution‘. 

Microautoradiography also showed that guard cells 
became more heavily labelled if the epidermis remained 
attached to the mesophyll. Whether this was due to some 
channelling of ‘C-labelled products from the mesophyll to 
- the guard cells or whether the mesophyll in some way en- 
“hances guard cell CO: fixation is not known. 

“When L-(U-"C)malic acid was fed to epidermal strips of 
C. communis while stomata closed from an aperture of 
8 zm in response to darkness, or while they opened from 
fully closed in response to CO.-free air and light, guard cell 
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Fig. 1 CO, fixation kinetics of abaxial epidermal strips of 
C. communis in light (©) and darkness (@). Epidermal strips 
were floated, cuticle uppermost, on 3 ml ‘suspension medium’. 
containing 0.33M sorbitol, 0.05 M _ tricine buffer (pH 8.0), 
0.002 M sodium nitrate, 0.002 M EDTA, and 0.005 M potassium 
hydrogen phosphate. At zero time 0.2 ml of 0.05 M NaHCO 
was injected into the suspension medium and the solution 
quickly swirled to mix, giving a CO, concentration. of 
4.5x107° M. At the indicated times tissue was immersed:in’ oi) 


2.0 ml 20% trichloroacetic acid to stop the reaction and drive. 


off excess “CO. Radioactivity in the tissue was then determined 
by liquid scintillation counting. : 


starch became labelled in both cases (Fig. 2). Incorporation 
of label into starch, however, was greatest when the. 
stomata were closing. Microautoradiographs also verified’ 
that label from malic acid was incorporated into starch, 
mainly located in areas corresponding to stomatal position 
in the epidermis (blackened areas in Fig. 3). Thus, incor- 
poration of “C from labelled malic acid into starch is not’ 
restricted to closing movements in epidermal strips. But,... 
good correlations for guard cell malic acid accumulation’ 
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‘Fig. 2 Incorporation of “C from L-(U-"C)malic acid into 

starch during 2-h exposure. The abaxial epidermis of C. communis 

was floated, cuticle uppermost, on 20m! of 10mM sodium => 
citrate buffer containing 10 mM sodium chloride and 0.086 mg 
(25 pCi) U-C-malic acid, pH 5.5. In one treatment the epidermal 
strips possessed closed stomata which were stimulated to open 
to 7 um after 2h incubation in light and CO,-free air (©) and 
in the other, stomata were initially open to about 8 pm and 
were made to close to about 4 um after 2h incubation in 
darkness and normal air (@). At the times indicated, samples of 
tissue had their ethanol and water soluble products extracted 
leaving the insoluble starch and the radioactivity in the starch 

was determined by liquid scintillation counting, 


Fig. 3 Microautoradiograph of an epidermal strip of C. communis 
exposed to darkness and normal air for 2 h to close the stomata 
and after treatment as described in the legend to Fig. 2. Blackened 
areas located predominantly over the stomatal complexes 
indicate "C label in starch. (Stomata 1, 2 and 3 correspond to 
the numbered, blackened areas.) The dried epidermis was placed 
on a glass slide and a piece of Ilford Pan F film firmly taped on 
top with the emulsion in contact with the tissue. On top of the 
film was placed another slide and the whole was clamped 
together with screw-clips. After exposure for 29d the piece of 
film was detached from the tape and tissue and developed in 
Kodak DX-80 developer. 


and starch disappearance" have been observed with stomatal 
opening. We have also found high levels of starch in guard 
cells of C. communis when stomata were closed; this level 
decreased as stomata opened although starch could still be 
detected at wide stomatal apertures. This suggests that there 
is a dynamic flux of carbon between malic acid and starch 
with the direction of starch production outpacing its break- 
down when stomata are closing. Results of an investigation 
of pathways for malic acid—starch interconversions will be 
published elsewhere. 

In conclusion we have established that malic acid is a 
precursor of starch synthesis in guard cells of C. communis. 
But, the mechanism of the control of guard cell CO: fixation 
and hence malic acid synthesis, and the control of the 
production of starch from malic acid in relation to stomatal 
movements, remain obscure. 
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Orientation columns in macaque 
monkey visual cortex demonstrated by the 
2-deoxyglucose autoradiographic technique 





In the past fifteen years physiological studies of the primary 
visual cortex in higher mammals have provided evidence 
for two independent systems of functional subdivisions, 
ocular dominance columns and orientation columns'. These 
two systems are closely related to two important functions 
of visual cortex: combining at a single-cell level the in- 
formation that originates in the two eyes, and rearranging 
the spatial information from the lateral geniculate body so 
that cells after the initial stage of visual processing come to 
respond to specifically oriented lines in the visual field. 

The ocular dominance columns have been demonstrated 
anatomically by three different staining techniques’ *. We 
describe here the use of a new method’ which makes pos- 
sible the anatomical demonstration of the orientation 
columns. 

The original evidence that cells are aggregated according 
to their response characteristics came from microelectrode 
recordings’. In a penetration perpendicular to the cortical 
surface all cells are dominated by the same eye and all give 
optimal responses to the same stimulus orientation, whereas 
in an oblique or tangential penetration there is an alterna- 
tion of the dominant eye, from left to right and back, and, 
at the same time, a series of regular changes in optimal 
stimulus orientation in steps of 10° or less, clockwise or 
counterclockwise. Reversals in direction of rotation occur 
sporadically, on the average every few mm, and the orderly 
sequences of small orientation shifts are occasionally broken 
by abrupt large shifts of up to 90°. A full cycle of either 
type, one eye and then the other or a rotation through 180°. 
generally requires a horizontal movement along the cortex 
of 1 mm or less’. The constancy of eye dominance and of 
optimal stimulus orientation during perpendicular penetra- 
tions indicates that the two sets of subdivisions are arranged 
perpendicular to the surface and the layers. Because of their 
cross-sectional shape in brain sections perpendicular to the 
surface, the subdivisions have been called ‘columns’, and a 
complete set of columns (left plus right eyes, or a full 180° 
rotation) is called a hypercolumn. 

Inspection of cortical sections stained by conventional 
methods gives no hint of these vertical subdivisions. The 
only obvious segregation of cells is the horizontal system of 
layers, and this segregation has certain physiological cor- 
relates. Layer IVc, at about mid-cortical thickness, is the 
site of termination of the geniculate afferents and contains 
cells that differ in their physiological properties from cells in 
the other layers in two respects: like the geniculate 
afferents, they have no orientation preference: and they are 
almost all strictly monocular. In contrast, cells in the 
layers above and below IVc almost all show clear orienta- 
tion specificity and about half are binocular, though any 
given cell is likely to respond best to one or the other eye. 

In the last few years considerable progress has been made 
in working out the geometry of the columnar subdivisions. 
Three independent anatomical methods have made it pos- 
sible to see the ocular dominance columns in layer TVc*~* 
where they form a set of parallel bands which are for the 
most part straight, but in places form loops and whorls 
and occasionally show bifurcations and blind endings. The 
columns must therefore have the form of parallel sheets 
rather than being pillar-like. For the orientation columns, 
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microelectrode recordings, especially multiple parallel pene- 
trations, likewise suggest an arrangement in parallel sheets, 
and the frequent reversals in direction of rotation would be 
compatible with a swirling pattern. 

Until very recently no method has been available for 
demonstrating the orientation columns anatomically. 
Several years ago Sokoloff and his group’ developed a pro- 
cedure for labelling active brain tissue. The method depends 
on the fact that brain cells, which use mainly glucose as a 
source of energy, take up 2-deoxyglucose as though it were 
glucose and metabolise it as far as 2-deoxyglucose-6-phos- 
phate, but no further. This compound cannot easily pass out 
of the cell, and tends to accumulate. Physiologically active 
regions of brain may then be identified by the use of radio- 
actively labelled deoxyglucose and autoradiography. This 
method was used by Sokoloff’s group in monkeys in which 
one eye was stimulated during a 45-min period immediately 
following intravenous injection of deoxyglucose*. (The other 
eye was occluded in some monkeys and had been previously 
removed in others.) The result, a striking demonstration of 
the ocular dominance columns in the striate cortex, differed 
from the results obtained by the other anatomical tech- 
niques in demonstrating the columns through the full 
cortical thickness, rather than showing just the parts in 
layer IVc. 

We have used the deoxyglucose method to reveal the 
orientation columns. Our procedure is based on that of 
Sokoloff and his group, to whom we are indebted for first- 
hand instruction in the method. We injected a lightly 
anaesthetised juvenile macaque monkey with 'C-2-deoxy- 
glucose, 150uCikg' in 100 uCiml”' saline, and then 
stimulated for 45 min by moving back and forth in front 
of the animal a black screen on which were pasted a set of 
irregularly spaced vertical white stripes. Stripe widths were 
0.5-1°, and movement was 2-4° s™. Both eyes were held 
open, protected by contact lenses, refracted at the screen 
distance (1 m) and aligned with a variable prism over one 
eye so that the foveas were superimposed. To be sure of the 
alignment and as a check on the state of the animal we also 
recorded from single binocular cells in striate cortex and 
superimposed the receptive fields. 

At the end of the stimulus period the animal was given 
an additional dose of anaesthesia followed by a lethal dose 
of intravenous KCI. It was then decapitated, and the skull 
was cleaned of skin, gradually immersed over a 4-min 
period in liquid Freon-22 at — 125 °C, and stored at —80° C. 
Small blocks of brain were later sectioned at 20m in a 
cryostat at —26 °C, and the sections were picked up on a 
cover slip and immediately dried at 98 °C. These sections 
were then pressed against X-ray film for 2-3 weeks and the 
film was finally developed. Some of the sections used for 
autoradiography were also later stained for Nissl substance. 

An autoradiograph made from a section perpendicular to 
the striate cortex is shown in Fig. 1. Vertical regions of 
dense label can be seen extending through the full thickness 
of cortex. About midway through the thickness is a dense 
uniformly labelled horizontal band. By comparing the auto- 
radiographs with neighbouring sections stained for Nissl sub- 
stance it can be shown that this band corresponds to layer 
IVc. This agrees with the observation from microelectrode 
recordings, that cells in layer IVc show no orientation 
specificity. No such uniform labelling was seen in IVc in the 
results of Sokoloff’s group" or in our experiments, when 
ocular dominance columns were labelled by this method. 

The vertical labelled regions in Fig. 1 are on the average 
about 0.6mm apart and occupy a considerable fraction of 
the repeat distance, as expected from the fact that each 
cell responds not just to a single orientation but to a range 
of orientations to either side of the optimum, with some 
cells highly selective and others less so. For example, in a 
sharply tuned cell the orientation that evokes a half- 
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Fig. 1 Autoradiograph of a '*C-2-deoxyglucose section through 
monkey striate cortex, perpendicular to the surface. The stimulus 
consisted of moving vertical, irregularly spaced white stripes 
presented to the entire visual field of both eyes for 45 min. 
Labelled regions are vertical in cross section, about 0.6 mm 
apart, and extend through the full cortical thickness. Layer 
IVc, situated at about mid-depth and identified from neighbour- 
ing Nissl-stained sections, is uniformly labelled, as expected 
from the absence of orientation specific cells in that layer. 


maximal response may be 10-15° from the optimal. The 
widths of the labelled regions must depend on many factors 
including the sharpness of tuning curves (response plotted 
against stimulus orientation), and the relationship between 
cell activity and deoxyglucose uptake, and between uptake 
and the grain density of the autoradiographs. 

A tangenital section through the dorsolateral surface of 
the occipital lobe is shown in Fig. 2. The white matter is 
grazed in two places which appear as pale ovals. These are 
surrounded by layers VI and V, cut almost tangentially, and 
here the labelled regions can be seen face-on, forming a 
complex pattern of rings, loops, and branching stripes. 
Their separation is strikingly constant, averaging roughly 
570 um. Only in a few places is there a suggestion of parallel 
stripes. Surrounding this area is layer IVc, which is again 
uniformly labelled, and just outside IVc is IVb, where the 
aggregations of label are particularly dense. Layers II and 
Ill are more lightly labelled but also show distinct aggrega- 
tions. (The dense bands at the extreme left, perpendicular 
to the surface, are microtome knife artefacts.) 


-Wem 





Fig.2 Autoradiograph of a tangential section through the 
dorsolateral surface of the occipital lobe (striate cortex) of the 
same monkey. Dark areas are radioactively labelled. The 
section grazes white matter (W) in two places, which are seen 
as pale ovals. Surrounding these are densely labelled sets of 
orientation columns in layer VI. Outside this is layer V, lightly 
labelled, and then IV c, which is uniformly labelled with no 
hint of columnar subdivisions. The upper layers again show 
densities related to columns. (Dense bands perpendicular to the 
surface at the extreme left are artefacts produced by the micro- 
tome knife.) 
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More superficial sections from this block, tangent to the 
upper layers (II-HI) rather than to white matter, show an 
almost identical pattern, as expected from the fact that the 
labelled regions are perpendicular to the surface. 
So far we have examined too few brains to be sure that 
the pattern of the orientation columns is always as complex 
in form as that shown here. Ocular dominance columns 
were examined in the same region as that shown in Fig. 2, 
by transneuronal autoradiography following an injection of 
*H-proline into one eye two weeks before the deoxyglucose 
experiment. These showed a more regular pattern of 
Stripes, with a spacing only slightly coarser than that of the 
orientation hypercolumns (770 zm compared with 570 um). 
There was no obvious tendency for the two sets of columns 
to be related in any simple way: they were not consistently 
orthogonal, and were certainly not parallel. This result will 
be published separately’. 
The anatomical demonstration of the orientation columns 
provides still another verification of the columnar organisa- 
tion of the striate cortex. It is reassuring to find such agree- 
ment between morphology and physiology, and unusual to 
find the physiology actually leading the way to a structural 
description. 
Davin H. Huser 
TORSTEN N. WIESEL 
MICHAEL P. STRYKER 

Department of Neurobiology, 

Harvard Medical School, 

Boston, Massachusetts 02115 


Received June 23; accepted August 8 1977. 


1 Hubel, & Wiesel, T. N. J. Physiol. Lond. 160, 106-154 (1962); 165, 559-568 
PSE. ries 195, 215-243 (1968): J. comp. Neurol. 188, 267-294 (1974). 

2 Hubel, D. H. & Wiesel, T. N.J. comp, Neurol. 158, 295-306 (1974). 

3 Hubel, D. H. & Wiesel, T. N. J. one. Neurol. 146, 421~450 (1972). 

4 Wiesel, T. N., Hubel, D. H. & Lam, D. M. K. Brain Res. 79, 273-279 (1974). 

$ Hubel, ‘D. H.. Wiesel. T. N. & LeVay, S. Phil. Trans. R. Soc, B 278, 377—-410{1977). 

6 LeVay, S., Hubel, D. H, & Wiesel, T, N. J, comp. Neurol. 159, 559-576 (1975). 

7Sokoloff, L. in Brain Work. The Coupling of pueden, Metabolism and Blood 
Flow in the Brain (eds Ingvar, D. H. & Lassen, N. A.) 385-388 (Academic, 
New York, 1975), 

8 Kennedy. C. eral. Proc. natn. Acad. Sci. U.S.A. 73, 4230-4234 (1976). 

® Hubel, D. H., Wiesel, T. N. & Stryker, M. P.J. comp. Neurol. (in the press), 





Instability of the eye 
in the dark and proprioception 


THE extraocular muscles of most mammals contain stretch 
receptors which are not necessarily in the form of muscle 
spindles, The cat, for example, has no muscle spindles, but 
the oculomotor muscles contain structures, with spiral end- 
ings, that are in parallel with the muscle fibres and respond 
to stretch’. Most proprioceptive fibres run extraorbitally in 
the ophthalmic branch of the Vth nerve”, The cell bodies of 
these fibres seem to be located in the mesencephalic root of 
the Vth nerve’. There is electrophysiological evidence of pro- 
prioceptive projections to the cerebellum’'®, superior colli- 
culus’* and visual cortex’. The function of ocular proprio- 
ception is uncertain, although there is evidence that in man 
it may be an indicator of eye position in the dark". In the 
cat it seems to have a role in maintaining the binocularity 
of single neurones in the visual cortex’, Because most 
proprioceptive fibres run into the ophthalmic branch of 
the Vth nerve, we have investigated eye movements in the 
alert animal before and after section of this branch. We 
report here that, in the absence of visual and vestibular 
stimuli, the eye ipsilateral to the section becomes unstable 
and performs slow pendular oscillations. Asymmetries are 
observed in the horizontal vestibular nystagmus recorded in 
total darkness from the two eyes after unilateral section. 
Cats chosen for their docility were anaesthetised with 
pentobarbital. A plastic cylinder was fixed to the skull and 
Ag-AgCl electrodes were implanted for recording hori- 
zontal movements of both eyes. The cat was trained to stay 
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Fig. 1 a, Electro-oculographic a.c. recordings of horizontal 
movements of the right eye (RE) and left eye (LE) of a normal 
cat in the dark. b, The same, recorded | d after section of the 
ophthalmic branch of the right Vth nerve and c, 1 week after 
section of the ophthalmic branch of the left Vth nerve. Upward 
trace deflections indicate rotation of the eyes to the right, 
downward deflections, rotations to the left. The vertical bar 
corresponds to 5° horizontal eye rotation. Band pass: 0.1-20 Hz. 


in a comfortable box with its head fixed by the plastic 
cylinder to a holder. The holder could either prevent any 
head motion or allow head rotations about a vertical axis. 
The cats were trained, over several days, to perform hori- 
zontal eye movements, tracking a visual target with the 
head either fixed or free to rotate horizontally. Eye move- 
ments were calibrated in each session by setting two 
pointers 30cm from the eyes and displacing them 15° on 
either side of the cat’s medial plane. The cat’s attention 
was then called to either pointer while an experimenter 
checked the correctness of fixation, and the corresponding 
position of the recording trace was marked. 

The cat box and the head holder were fixed to a table 
that could be oscillated sinusoidally about a vertical axis at 
various amplitudes and velocities. 

When sufficient eye movements were recorded, the animal 
was again anaesthetised and the ophthalmic branch of the 
right Vth nerve was cut at the exit from the orbit or at 
the entrance into the semilunar ganglion. A small aperture 
was made into the parieto-temporal bone and the brain was 
lifted gently to reveal the three branches of the Vth nerve. 
Care was taken not to touch the oculomotor nerves. The 
operation was repeated on the left side after 2 or 3 weeks. 
After the experiments the animal was killed and the com- 
pleteness of the section was checked. 

We present here only results concerning eye movements 
in the dark, either spontaneous or elicited by head or body 
oscillations. The records of horizontal eye movements of 
normal cats that are awake in darkness contain periods 
with frequent spontaneous saccades, and periods with very 
few saccades, but with slow drifts mainly conjugate in the 
two eyes. 

After section of the ophthalmic branch of the Vth nerve 
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no gross changes in the patterns of visually triggered eye 
movements were observed. 

Seven out of nine cats displayed pendular movements of 
the eye ipsilateral to the section of the ophthalmic branch 
of the Vth nerve in the absence of visual stimuli (Fig. 1). 
The upper traces were recorded before the operation, the 
middle traces after section of the ophthalmic branch of the 
right Vth nerve and the bottom traces after further section 
of the ophthalmic branch of the left Vth nerve. The oscil- 
lations may have different amplitudes and frequencies in 
different cats, as comparison of Figs 1 and 2 (from two 
different cats) suggests. The frequency of the oscillations, 
however, was stable for each cat. The highest and lowest 
frequencies observed were 0.6 and 0.08 oscillations per s, 
the latter having a larger amplitude. There was no cor- 
relation between the occurrence of the oscillations and 
electroencephalogram activity, but the oscillations were 
more frequent when the cat was not performing frequent 
voluntary saccades. The two cats in which regular pendular 
movements were not observed were particularly restless 
even when deprived of visual and acoustic stimuli, and ‘the 
tate of saccades was especially high in their eye movement 
recordings in the dark. 

There were eye oscillations in most cats for at least 
1 or 2 weeks atfer the operation. In three cats eye oscilla- 
tions were observed a month after the second operation. 

The patterns of eye movements induced by sinusoidal 
oscillations of the head or of the entire body became asym- 
metric in the two eyes after unilateral section of the 
ophthalmic branch of the Vth nerve. Alterations were in- 
duced in the eye ipsilateral to the section and consisted 
mainly of a decreased amplitude of the fast components of 
the vestibular nystagmus recorded in the dark. The patterns 
of vestibular nystagmus after unilateral section were equal 
in the two eyes when records were made in the light and 
were similar to those recorded before section. Details of 
these results will be reported elsewhere. 

As controls, two cats underwent a complete unilateral 
operation except for the section of the nerves. Neither pen- 
dular motions in the dark nor asymmetries in the vestibular 
nystagmus of the two eyes were observed in these cats. 
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Fig. 2 a, Electro-oculographic d.c. recordings of horizontal 
movements of the right eye (RE) and left eye (LE) of a normal cat 
in the dark. 6, The same, recorded 2 d after section of the 
ophthalmic branch of the right Vth nerve and c, 4 d after 
section of the ophthalmic branch of the left Vth nerve. Upward 
trace deflections indicate rotations of the eyes to the mght. 
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The most obvious interpretation of the eye oscillations 
seen after section of the ophthalmic branch of the Vth 
nerve is that they result from the opening of the loop of 
the servo-system device responsible for the maintenance of 
eye position. Position errors can be signalled by two mech- 
anisms: vision, indicating retinal error, and proprioception 
indicating relative stretch of the oculomotor muscles. It is 
not surprising that the interruption of the second source of 
information brings about oscillations of the eye in the dark 
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Leukocytes are consistently 
associated with degenerating embryos 
in [UD-bearing rhesus monkeys 


In spite of intensive research during the past 15 yr’ the 
precise mechanism whereby an intrauterine device (IUD) 
exerts its contraceptive action 1s unclear There is wide 
agreement that the effect 1s ıntra- rather’ than extrauterine, 
and 1s probably elicited after arrival of the conceptus in the 
uterine cavity and before ‘its attachment to the endo- 
metrium’. The most plausible suggestion seems to be that 
the device acts as a foreign body and provides a sterile in- 
flammatory reaction, in the endometrium which in some 
unknown way renders the uterine cavity hostile to pre- 
implantation embryos"? The presence of large numbers of 
inflammatory cells, consisting mainly of neutrophils and, to 
a lesser extent, macrophages, is a constant, feature of the 
endometrial reaction in JUD-bearing women and other 
mammals. In some species there is a high positive cor- 
relation, in the presence of an IUD, between the concentra- 
tion of leukocytes in the uterine fluid and the suppression 
of implantation (for example, in the rabbit’). So far, how- 
ever, there has been no direct proof of a consistent associ- 
ation between leukocytes and unimplanted embryos in IUD- 
fitted primates This paper provides evidence for such an 
association in the rhesus monkey. 

Our study stems from the successful development of a 
method for the recovery of uterine embryos from: normal 
monkeys". It consists of flushing fluid through a large-bore, 
fenestrated needle inserted into the uterine lumen above the 
cervix and aspirating it through a second, fundal needle into 
a receiving syringe; it has a yield rate of about 50% of 
preimplantation embryos in animals examined between days 
15 and 20 of the menstrual cycle 

Normal females without IUDs were first subjected to the 
flushing procedure for the recovery of uterine embryos and 
then fitted with a shortened tailless Margulies coil inserted 
surgically through the fundus After two successive men- 
strual periods the animals were mated and flushed once, as 
before, between days 15 and 20 of the cycle. The contents of 
the flush was deposited immediately into a  siliconised 
watch glass and searched under a stereomicroscope 
Embryos were transferred to cold 25% glutaraldehyde in 
0.1 M cacodylate buffer, photographed and processed for 
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from 
leukocytes on the surface and apparently penetrating the zona 
pellucida ( x 256). 


Fig. 1 Blastocyst IUD-monkey (no. 476), showing 


electron microscopical examination’. The remainder of the 
flush was centrifuged and the cellular composition of the 
pellet was determined by means of a haemocytometer and 
cytocentrifuge. During initial recovery attempts in IUD- 
animals, the flush was found to contain far more cells and 
debris than observed in non-ITUD flushes (Table 1) and 
tended to clot, making the search for embryos difficult; 
heparin added to the receiving syringe reduced this 
tendency. 

Sixteen females, from all of which embryos had been 
recovered in the non-IUD condition, have been flushed after 
being fitted with a device yielding six embryos in a total of 
46 attempts (Table 1). Five of these embryos, the sixth being 
lost in processing, have been prepared and representative 
sections were examined by light microscopy and with an 
electron microscope. All five were considered to be ab- 
normal or degenerating and each showed polymorpho- 
nuclear leukocytes both outside and within the embryonic 
tissue (Figs 1-3). In two of them macrophages were also 
present. In another, judged to be an azonal morula, all 
blastomeres were fragmenting, with leukocytes infiltrated 
between them. Two azonal embryos were blastocysts with 
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leukocytes present in the blastocoel cavities (Fig. 2). Another 
blastocyst possessed the zona pellucida and, again, leuko- 
cytes were found within the blastocoel and interspersed 
among cells of the inner cell mass. In two cases leukocytes 
were seen apparently passing through the zona pellucida 
(Fig. 3). The trophectoderm layer showed irregular cells with 
disorganised cell junctions and an array of cytoplasmic 
membranous material not observed in normal monkey 
blastocysts’. The fifth embryo comprised only five or six 
shrunken cells within an intact zona. Electron microscopy 
revealed several polymorphs and macrophages in direct 
contact with embryonic cells. The polymorphs appeared 
to be typical, mature neutrophils and the macrophages had 
extensive plasma membrane invaginations. Occasional 
eosinophils were also present. 

By contrast, of a total of three unfertilised ova and 30 
embryos so far recovered from non-1UD monkeys, none had 
any polymorphs or other types of leukocyte attached to the 
surface, and only eight embryos were considered to be 
degenerating. 

Cytological analysis of all TUD-flushes (irrespective of 
embryo recovery) showed that the number of cells varied 
from 4.37X10° to 2.39X10°, most of them being neutro- 
phils (Table 1). Flushes from non-IUD fitted uteri gave 





Fig. 2 Electron micrograph of a portion of an azonal blastocyst 
from an [UD-monkey (no. 616). Neutrophils are present in the 
blastocoel. T, Trophectoderm layer ( » 4,750). 





Table 1 
No. of Day of Embryo 
female recovery* stage Totals Neutrophils 
IUD flushes with embryo recovery 
(46 attempts in 16 females) 
476 16 5-6 cell, with — — 
zona 
616 16 Blastocyst, 5.08 x 10° 65.7 
azonal 
617 19 Blastocyst, 1.02 x 10° bi D 
azonal 
618 19 Morula, 7.58 x 10° 58.1 
azonal 
476 20 Blastocyst, with 9.39 x 108 33.2 
zona 
613 15 (?) Morula, 5.89 x 10° 42.7 
azonalt 
IUD flushes without embryo recovery (means -+-s.e.; n = 17) 
— 1.18+0.13x 10° 48.6+3.6 


Non-IUD flushes without embryo recovery (means +s.e.; n = 7) 
— 2.32+0.62x 10° 11.344.6 


*Day 1 counted as the first day of menstrual bleeding. 
tEmbryo lost in processing—no definitive identification made. 


Details of embryos and cells in uterine flushes from IUD- and non IUD-bearing rhesus monkeys 


Total cell counts and differential distributions (°¢) 


Eosinophils Monocytes Lymphocytes Macrophages Endometrial 

6.7 8.4 0 7.2 12.0 
4.7 20.8 0.4 12.9 10.0 
5.9 8.8 0.2 11.6 15.4 
11.2 10.7 1.9 27.6 15.4 
8.0 8.8 0 31.4 9.1 

5.0 +.0.8 9.6+1.1 1.4+0.5 20.3 +-2.5 15.3-43.0 

2.2+1.4 6.042.5 5.4+2.0 0.8 4-0.5 74.349.1 
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values between 1.4410 and 3.92 10° (mean: 2,32+0.62 
Xx 10°), most being epithelial cells. By contrast, Joshi er al." 
reported no significant increase in polymorphs in the 
uterine flushings of |UD-fitted baboons. Their method of 
collecting and evaluating the flushes differed, however, sub- 
stantially from our own. In particular, their use of centri- 
fuge speeds of 2,500g is likely to cause leukocyte destruc- 
tion, which can be avoided with speeds of less than 750g 
as employed by ourselves. 





Fig. 3 Electron micrograph of the zona pellucida (Z) of an 
embryo from an IUD-monkey (no. 476). A leukocyte is seen 
passing through the zona into the blastocoel (B) ( x 5,550). 


Our findings show that, in 1UD-bearing rhesus monkeys, 
embryos can enter the uterine cavity at about the expected 
time after conception. They are, however, invariably ab- 
normal or degenerating as well as invested with luminal 
leukocytes induced by the device. Also, compared with the 
yield in normal females (about 50%), far fewer embryos can 
be recovered at corresponding cycle days from LUD-fitted 
animals (about 13%). 

It is feasible that the greatly increased cell content of the 
flush in IUD-monkeys may have made the detection of a 
recovered embryo impossible or that the embryo, when 
flushed out, was already too degenerated to be recognisable 
It is also possible that in spite of normal fertilisation and 
early cleavage, embryos of IUD-fitted monkeys remain 
‘blocked’ at or near the tubouterine junction and are there- 
fore not recoverable by uterine flushing, The conclusion, 
implicit in our findings, that in monkeys with IUDs the 
blastocyst stage may be reached is indirectly supported by 
the finding of increased serum levels of human chorionic 
gonadotrophin in a proportion of I!UD-bearing women 
examined during the second part of the menstrual cycle’. 
Unfortunately no comparable data are available for rhesus 
monkeys. 

Whether the embryos observed in our study were entirely 
normal before their investment and penetration by leuko- 
cytes is not known. It is possible that the highly cellular 
milieu of the uterine environment, perhaps derived from 
dead or dying leukocytes, is embryotoxic and that the main 
function of recently infiltrating live leukocytes is in the 
final destruction and removal of dying or damaged embryos. 
Nonetheless, the demonstrated association between de- 
generating uterine embryos and their investment with 
leukocytes in I[UD-fitted monkeys is sufficiently constant 
and striking to suggest that it is more than coincidental. 
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Active thymus derived suppressor 
lymphocytes in human cord blood 


A FOETUS carries antigens that are foreign to its mother, but the 
mother does not routinely reject it as an allograft. The fate of the 
foetus may thus depend on preventing or blocking the ability ofthe 
immune system of the mother to respond to alien foetal antigens. 
Clearly, this is a complex process which may involve several 
mechanisms! ~ °. One mechanism implicates the active blocking of 
the immunological capacity of the mother to respond to her 
foetus*®, We reported previously that T lymphocytes taken from 
cord blood of human newborns inhibits their own mothers’ 
lymphocytes from entering mitosis®7. We have studied the 
subpopulations of T lymphocytes in human cord blood and 
ascertained their ability to inhibit both the division of lymphocytes 
and the production of immunoglobulin by lymphocytes obtained 
from the mother. We report here that active T suppressor cells 
occur in cord blood, that these T suppressor cells bear IgG 
receptors; and that the T cells bearing IgG receptors inhibit both 
mitosis of and immunoglobulin production by lymphocytes from 
the mother. 

Blood (10-30 ml) was collected in heparin from the umbilical 
cords of healthy, singleton human males immediately after 
delivery but before expulsion of the placenta. Venous blood 
(25 ml) was collected in heparin from their mothers’ arm within | h 
after delivery and from non-pregnant females and males (ages 
21-43 yr, all healthy). These blood samples were the source of 
lymphocytes prepared by using Ficoll-Hypaque gradients. Div- 
ision of the lymphocytes into T-cell enriched and B-cell enriched 
fractions was as described before’. The T cell population was over 
97% pure, and the B cell population over 94%, pure as judged by 
uptake of neutral red dye and expression of surface immuno- 
globulins’. T lymphocytes were separated into subpopulations 
bearing Fe IgG receptors (T.g) or IgM Fe bearing receptor cells 
(T.m) using the method of Moretta er a/.*’. The purified T.,, and 
the T.,, subpopulations each contained less than 1% contaminat- 
ing cells. 

To study the effects of lymphocytes from each newborn on the 
growth of lymphocytes from his mother, equal numbers of cells 
from each mother and her baby (1-2 10° from each) were 
combined and suspended in RPMI 1640 medium containing 20% 
foetal calf serum, antibiotics and glutamine (RPMI growth media) 
with phytohaemagglutinin P (PHA-P) (50 ug per ml of medium). 
This concentration of PHA-P had been found to be optimal for 
stimulating lymphocytes from both the mother and baby'®. When 
kept separate, both mothers’ and newborns’ cells divided equally 
well with an average viability of 60%-80%, as determined by 
Trypan blue dye exclusion. After incubation for 3 d the cultures 
were treated with colchicine and the chromosomes prepared and 
stained as reported before ™*!'. Cells from a male baby (positive for 
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Y chromosome) were always mixed with his mother’s cells (lacking 
a Y chromosome) , : 

Table 1 shows that when unseparated lymphocytes or enriched 
subpopulation of T.a cells from a newborn baby were cultured 
with equal numbers of lymphocytes from his mother, the vast 
majority of cells undergoing mitosis were of baby origin. In all six 
pairs studied in which the newborn’s T cells were mixed with his 
mother’s lymphocytes, a mean ts.e.m. of 91 5+2.2% of the total 
lymphocytes in mitosis were from newborns as determined by the 
presence of the Y chromosome (unfractionated T lymphocytes 
from cord blood gave a value of 90.7+1.4%), whereas 9% or less 
were from the mother (P < 0.01). In contrast, when T , depleted 
fractions of cells were taken from a newborn and-mixed with his 
mother’s lymphocytes, only about half of the cells undergoing 
mitosis were of baby origin (Table 1) Thusin all six pairs involving 
T.g depleted cell populations, a mean of 49 3+2 3% of the total 
lymphocytes in mitosis were from newborns as determined by the 
presence of the Y chromosome. When the T., subpopulation of a 
newborn’s cord blood lymphocytes were mixed with lymphocytes 
from his mother, roughly half of the cells undergoing mitosis were 





Tablel Tg subpopulation of T lymphopytes from human newborns 


suppresses mitosis of lymphocytes from their mothers 


Metaphase 
cells with 
Y chromosome 


Newborn lymphocyte 
subpopulation mixed 


Case with total maternal lymphocytes © YK) 
P.A. Total 94 
PA. Tg 91 
PA T o depleted 57 
PA Tx 59 
C.L. Total 88 
C.L Tg 84 
CL. T o depleted 55 
CL T.w 52 
LO Total 89 
LO. T.c 100 
LO T o depleted 46 
L.O. Tu 49 
RO. Total 89 
RO To 90 
R.O. T.c depleted 49 
R.O. Ta 53 
WH Total 96 
WH Toc 89 
WH T o depleted 47 
Mc Total 88 
Mc To, 95 
Mc T.c depleted 42 

Expected result from 1 1 mixture 50 





Lymphocytes from newborns and their mothers were obtained after 
Ficoll-Hypaque gradient centnfugation The T cells were separated from 
these lymphocytes by E rosetting, and then distinct subpopulations of T o 
or T „ cells were 1solated on the basis of binding and rosetting with ox red 
blood cells (RBC) bearing the Fe portion of human IgG or IgM, 
respectively Bnefly, punfied T cells were mixed with ox erythrocytes 
(ORBC) coated with rabbit IgG antibodies, pelleted and incubated on ice 
for a minimum of 10 min Rosetting cells (T g) were separated from non- 
rosettingcells(T o depleted fraction) and purified by pelleting through two 
density gradients The collected cell suspension contained less than 1% 
non-rosetting cells. RBC were removed by treatment with ammonium 
chloride buffer and the residual lymphocytes were suspended in 199 
medium supplemented with 20% foetal calf serum, antibiotics and 
glutamine (199 growth medium), and pelleted T a ennched and T 
depleted cells were then resuspended ın 199 growth medium and incubated 
overnight T g depleted cells were mixed with ORBC coated with rabbit 
IgM antibodies, pelleted and placed on ice for 1 h The resulting rosettes 
purified on a Ficoll-Hypaque gradient were dissociated in a vortex mixer 
and purified human IgM at a concentration of 125 ug ml~! added to block 
free IgM receptors T y cells were then separated from ORBC by density 
gradient centrifugation Equal numbers of cells (1-2 x 10°) from male 
newborns and their mothers were mixed and cultured with PHA-P, 
50 ug ml~! After incubation for 3 d the cells were treated with colchicine, 
collected and stained with quinacrine hydrochloride (to mark,the Y 
chromosome) Usually 50-100 cells in metaphase were examined from each 
culture for the presence or absence of the Y chromosome In the culture 
conditions used, lymphocytes from mothers survived as well as lym- 
phocytes from newborns and mean mitotic indexes of both pairs of cells 
wereequivalent Mixing adult (instead of newborn) male lymphocytes with 
lymphocytes from mothers (or other adult females) resulted in % of 
metaphase cells having a Y chromosome+sem of 52+8% 
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of baby origin (53 242%). Clearly, the subpopulation of T cells 
that suppressed mitosis of mothers’ lymphocytes is that bearing Fc 
receptors for IgG. Further, these studies showed that lymphocytes 
collected from an infant’s cord blood are primed to inhibit division 
of the mother’s lymphocytes and do not need to be activated. 

We then studied the effects of subpopulations of T lymphocytes 
obtained from each newborn on the ability of lymphocytes from 
his mother to make immunoglobulin Experiments with poly- 
clonal B cell differentiation induced by PWM had indicated both 
the need of T cell help and the optimal synthesis of immunoglo- 
bulin, which usually occurred by the seventh day? !?, After 
culturing an enriched T cell population from a newborn baby with 
B lymphocytes from his mother, we found that significantly less 
immunoglobulin was synthesised than when the ennched T 
lymphocytes came from the mother. Hence, ın all three pairs tested 
(Table 2), when T cells from the newborn were mixed with B cells 
from the mother, a 46% or greater reduction in immunoglobulin 
production (average 55.3+5 8%) occurred These results could be 
influenced, ın part, by the inability of ‘immature’ newborn T cells 
to provide sufficient help for adult B cells’. This 1s not the likely 
explanation for'our results, however, as T cells from newborns or 
from adults provide equivalent amounts of help for synthesis of 
immunoglobulin by B cells of the newborn (Table 2). That T cells 
from a newborn apparently could not inhibit immunoglobulin 
production by its own B cells ıs consistent with our observation 
that lymphocytes from a newborn baby cannot abrogate the 
proliferation of lymphocytes from other newborns’ This result 
suggests that the newborn’s lymphocytes, themselves, resist the 
inhibitory action for which they are responsible. Other studies 
showed that the suppression of immunoglobulin production by B 
cells from the mother resided in the T.g subpopulation of cells 
obtained from cord blood (Table 3) Hence, when equivalent 
numbers of a newborn’s T.c lymphocytes were mixed with B cells 
from his own mother or from an alien mother, immunoglobulin 
synthesis was inhibited 63% or 65%, respectively 





Table2 T lymphocytes from human newborns suppress immunoglo- 
bulin production by lymphocytes from their mothers 





Source of lymphocytes IgG made 

Case B cells T cells (ng per I x 106 B cells) % Reduction 
YO Mother Mother - 116 

YO Mother Newborn 66 46 
YO Newborn Newborn 62 

Y.O. Newborn Mother 69 

LO Mother Mother 498 

LO Mother Newborn 232 54 
LO. Newborn Newborn’ 58 

L.O Newborn Mother ' 47 

TR. Mother Mother 82 

TR. Mother Newborn - 28 66 
TR Newbom Newborn ND 

TR Newborn Mother ND 


Cells from newborns and their mothers were placed on Ficoll-Hypaque 
gradients and separated into B cell and T cell populations”? Equal 
numbers of B cells (1 x 10°) and T cells were incubated ın culture with 
PWM (50 vg ml~’, the concentration optimal for stimulatmg B and T 
cells’) ın 5 ml of growth medium After 7 d the culture supernatant fluids, 
free of cells, were analysed for IgG concentration by measuring the ability 
of various dilutions of supernatant fluid to block IgG-anti IgG binding 
The reagents, their purity and the methodology for doing this assay were as 
before’? 16 The lower mut of rmmunoglobulin detection was 4 ng of IgG 
perm! ND, none detected 


These results: clearly show that T lymphocytes bearing Fc 
receptors for IgG (T.c) taken from the cord blood of human male 
newborns effectively suppress the division of their mothers’ 
lymphocytes and lower the ability of B cells from the mother to 
make IgG im vitro In contrast, the T-cell enriched lymphocyte 
population taken from human cord blood, then either depleted of 
T o cells or bearing only IgM receptors (T 4) cannot suppress 
mitoses of maternal lymphocytes. These data are consistent with 
and extend the results of Moretta et al, who showed that T.c 
lymphocytes obtained from adults dose-dependently suppressed 
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Table3 T.a subpopulation of T lymphocytes from the human newborn suppresses production of immunoglobulin by lymphocytes of its mother 
Source of lymphocytes T cell IgG made 
B cells T cells population (ng per | x 10° B cells) %, Reduction 
Mother: BA Mother: BA Total 303 
Mother: BA Newborn: BA T.g 114 63 
Mother: BA Newborn: WE T.g 108 65 





< Adult human peripheral blood or cord blood placed on Ficoll-Hypaque gradients was separated into B and T lymphocyte fractions. T cells from 
newborns were divided into distinct populations of T., cells on the basis of rosetting with ox RBC. 1 x 10° B cells from a mother were mixed with either 
tx 10° total T cells from the same mother or | x 10°T., cells from her baby or an alien baby and cultured with PWM in 5 mlof RPMI growth medium. After 


7d the cultured supernatant fluids. free of cells. were analysed for IgG concentration (see Table 2 legend). 


the differentiation and proliferation of B cells after stimulation 
with PWM in the-presence of helper T.y cells’. No significant 
suppressor activity by peripheral blood lymphocytes collected 
from adults occurred unless T.,, cells. were first activated by 
interaction with immune complexes. In contrast, we found that T 
suppressor cells (T.g) in human cord blood are already active and 
able to suppress mitosis of maternal lymphocytes and production 
of immunoglobulin by maternal lymphocytes induced to differen- 
tate with PWM. This indicates that lymphocytes from the baby 
are probably primed in vivo for their suppressor effect. Recently 
Maisson and his associates'* detected circulating antigen- 
antibody complexes in the sera of most pregnant women, suggest- 
ing a possible mechanism whereby T.g cells of a newborn may be 

activated. Further interaction of maternal and neonatal cells may 
generate T.c cells. Also suggestive of the biological importance of 
T.g cells in maternal-foetal interrelationships is the finding that 
three to fourfold more T.g cells are found in cord blood than in 
adults’ blood (> 30°% in the former compared with < 10°% in the 
latter!*). 

How does this suppression work? Olding, Murgita and Wigzell 
using double culture chamber systems have shown that cord blood 
lymphocytes from a newborn effectively suppress the proliferation 
of lymphocytes from their mothers or other non-pregnant adults 
across a cell-semipermeable membrane, suggesting that inhibition 
of maternal lymphocyte proliferation occurs via a soluble sup- 
pressor factor(s)'*. They also found that suppressor activity 
associated with newborn lymphocytes was completely abrogated 
by irradiation with 6,000 rad indicating the requirement for cell 
division in the in vitro release of suppressor factor. These findings 
are similar to those of Moretta et al., who showed that treatment of 
activated T.,, adult lymphocytes with 3,000 rad inhibited their 
ability to suppress polyclonal B cell differentiation and immuno- 
globulin production induced by PWM”. 

Many factors in maternal-foetal interrelationships probably 
participate in preventing the automatic rejection of the foetus by its 
mother. Our studies suggest a mechanism by which foetal tissues 
can survive ina hostile immunological environment. We show that 
thymus derived suppressor lymphocytes, which are identified on 
the basis of bearing an Fc receptor for IgG, occur in infants’ cord 
blood and perform an.active process in inhibiting potentially 
harmful maternal lymphocytes from dividing. Further, the 
newborn’s T suppressor cells are already primed in cord blood and 
after coming in contact with mothers’ cells would render such cells 
unlikely to respond to the foetal foreign antigens. When this 
protective mechanism first develops is not clear, but necessarily it 
must arise after the foetal lymphoid system develops. The presence 
of foetal T.¢ cells late in pregnancy and their ability to release 
soluble suppressor factor(s) raise questionsas to theleveland fate of 
these cells during spontaneous abortions as well as the possible 
future use of suppressor factors as a therapeutic adjunct. 
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Evidence for a common evolutionary 
origin of gastrin and cholecystokinin 


THE gastrointestinal hormones gastrin and cholecystokinin 
(CCK) are structurally and functionally related in that they 
have identical COOH-terminal pentapeptide sequences, 
which represent the biologically active portions of the 
molecules. The rest of each molecule only modifies- its 
activity quantitatively and determines relative potencies for 
various targets. This has suggested that the two hormones 
have evolved from a common ancestral molecule’. To test 
this hypothesis we have investigated the occurrence of 
gastrin and CCK in different vertebrate species by immuno- 
cytochemistry and  radioimmunochemistry. We now 
present evidence that in amphibians and teleosts gastrin and 
CCK are no longer recognisable as separate hormones. 

To avoid problems with immunocytochemical cross- 
reactivity, antisera specific for the NH:-terminal and middle 
sequence of gastrin were prepared. In submammalian 
species such antisera failed to demonstrate endocrine cells, 
although they were potent in demonstrating mammalian 
gastrin-producing cells. In contrast, antisera against the 
common COOH-terminal sequence of the two hormones 
reacted well with gastrointestinal endocrine cells of mam- 
mals, birds, reptiles, amphibians and bony fishes. This 
suggests that the biologically active COOH-terminal 
sequence is the only region of the gastrin molecule that has 
been preserved during evolution. Hence, submammalian 
gastrin cells can be demonstrated only with antisera that 
also react with the COOH-terminus of CCK. Therefore a 
specific CCK antiserum (no. 4698) that reacts with sequence 
25-30 of porcine CCK-33, but fails to bind any gastrin 
(sulphated as well as non-sulphated) was used. Thus cells 
reactive with the COOH-terminus-specific antiserum but not 
with the CCK antiserum are called gastrin cells, whereas 
cells reactive with both antisera can be expected to contain = 
a region similar to sequence 25-33 of CCK-33. In this way 
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Fig. 1 Frog antral mucosa. Staining with CCK antiserum no. 
4698 (PAP technique). Numerous immunoreactive epithelial cells 
are visible ( x 280). Specimens from gastrointestinal mucosa of 
mammals (man, pig and dog), birds (chicken and duck), reptiles 
(Testudo graeca), amphibians (Rana esculenta and R. temporaria) 
and bony fishes (Gadus morrhua) and from the brains of R. 
esculenta were frozen in melting Freon-22, freeze-dried, vapour- 
fixed with formaldehyde and embedded in paraffin. Human 
specimens were obtained at surgery (carcinoma) and animals 
were killed in slaughterhouses, by mebumal injections or by 
decapitation. Sections (3 pm) were deparaffinised and subjected 
to indirect immunocytochemical staining for the demonstration 
of (1) NHg-terminus of human gastrin-17 (antiserum no, 1295, 
given by Dr J. H. Walsh); (2) mid-sequence of human gastrin-17 
(antiserum 4710); (3) COOH-terminus of human gastrin-17 
(antisera nos 2604, 2609, 4562)'*:!"; (4) sequence 25-30 of porcine 
CCK-33 (antiserum no. 4698); (5) middle region (probably 
sequence 19-25) of CCK-33 (antiserum no. 4478). Specificity of 
the antisera was ascertained using differential absorptions with: 
a, pentagastrin (Peptavion, ICI); b, synthetic mid-sequence (6-13) 
of human gastrin-17 (given by Dr Morley); c, synthetic human 
gastrin-17 (SHG 1, ICI); d, highly purified porcine CCK-33 
(given by Professor V. Mutt); e, synthetic caerulein (Caeruletide, 
given by Farmitalia, Milan). Absorptions were carried out at the 
optimal dilutions of the various antisera. Usually, addition of 
10 ug peptide per ml antiserum was sufficient. If the addition 
had no effect, the peptide concentrations were increased 10-fold. 
For details see refs 13 and 14. The site of antigen-antibody 
reaction was revealed with the peroxidase-anti-peroxidase (PAP) 
procedure of Sternberger”, 


we ascertained that mammals (man, pig and dog), birds 
(chicken and duck) and a reptile (Testudo graeca) all con- 
tain distinct populations of gastrin and CCK cells. In these 
species, gastrin cells predominated in the antral mucosa 
whereas CCK cells occurred in the duodenum and jejunum. 
In amphibians (Rana esculenta and R. temporaria), how- 
ever, no gastrin immunoreactive cells that did not also react 
with the specific CCK antiserum (no. 4698) were found 
(Fig. 1). CCK-immunoreactive cells predominated in the 
antrum but were also scattered in the small intestines. No 
CCK-immunoreactive cells that did not also react with the 
COOH-terminus-specific antisera were found. Absorption 
controls showed that, in all species, staining with the CCK 
antiserum (no. 4698) was abolished by pretreatment with 
CCK-33 or with caerulein, but was unaffected by pre- 
treatment with even very large amounts of gastrin-17 
(compare Fig. 1). Staining with the COOH-terminus- 
specific antisera was abolished by pretreatment with either 
pentagastrin, gastrin-17, CCK-33 or caerulein. Antiserum 
no. 4478, specific for the middle region (probably sequence 
19-25) of CCK-33 and thus devoid of cross-reactivity to 
caerulein, stained no cells of the frog antral mucosa, 
whereas it was highly potent in demonstrating, for example, 
porcine CCK cells. Thus the compound present in the frog 
antral cells is dissimilar to CCK-33 in its middle region. 
Similar staining experiments with gastrointestinal mucosa of 
the teleost fish (Gadus morrhua) exactly reproduced the 
findings with amphibians, revealing a large population of 
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antral cells containing a region similar to sequence 25-33 of 
CCK-33. In the frog brain, many nerves showed the same 
pattern of immunoreactivity as the gastrointestinal endo- 
crine cells. These nerves were most numerous in the hypo- 
thalamus where they converged towards the median emin- 
ence (Fig. 2). 

In parallel with the immunocytochemical studies three 
individual extracts as well as pooled extracts of antrum and 
brain, respectively, from 30 frogs were subjected to gel 
chromatography as monitored by three assays: one 
specific for CCK and caerulein’, one measuring both CCK, 
caerulein and gastrin‘ and one specific for gastrin‘ (Fig, 3). 
As Fig. 3 shows, antral immunoreactivity eluted in three 
major peaks. The position of the peak of lowest apparent 
molecular size corresponded to that of caerulein. The inter- 
mediate peak eluted in a position corresponding to CCK-33 
and gastrin-34 (big gastrin), whereas the size of the largest 
component corresponded to gastrin component I° and a large 
CCK-component previously detected in extracts of porcine 
jejunum". The immunoreactivity of the brain extracts also 
eluted in three major peaks in positions identical to those 
of the antral extracts. The smallest component, however, 
predominated in the brain extracts (Fig. 3). Gel chromato- 
graphy of extracts of teleostean antrum and brain also 
revealed three immunoreactive peaks of which the quanti- 
tatively largest in the antral as well as in the brain extracts 
eluted in a position corresponding to caerulein. 

Our data indicate that the three major components found 
in frog brain and antrum all contain a sequence similar to 
region 25-33 of CCK-33 and that the frog has no separate 
gastrin and CCK components. Gastrin immunoreactivity 
has been reported in the amphibian gastrointestinal tract*. 
Although no data concerning possible CCK immunoreac- 
tivity were given, the gel chromatographic data‘ suggests that 
the peaks observed correspond to some of the components 
presented here. 

The decapeptide caerulein and the nonapeptide phyllo- 
caerulein, both isolated from frog skin, have important 
gastrointestinal actions’. In the frog, caerulein is a much 
more potent stimulator of gastric acid secretion than is 
gastrin-17 (ref. 9). Studies with synthetic analogues have 


Fig. 2 Frog median eminence. a, Staining with CCK antiserum 
(no, 4698), PAP technique. Numerous dark-stained fibres and 
dots occur in the vicinity of vessels. b, Adjacent section to (a), 
for comparison stained with an antiserum against the 


growth hormone-release inhibiting hormone, somatostatin. The 
distribution of the somatostatin-containing nerves is similar but 
not identical to that of the CCK-immunoreactive nerves (x 256). 
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Effluent volume (ml) synthetic human gastrin-17 as 
standard, this assay measures 0.2 ug Eq per g cerebrum and 0.3 ug Eq per g antrum (wet weight). The third was a gastrin-assay involving 
antiserum no. 2604* (raised against synthetic human gastrin-17, final dilution 1:200,000) and !**I-gastrin-17. The antiserum binds CCK-33 
with a potency of 0.002 compared to gastrin-17. With synthetic human gastrin-17 as standard, this assay measures 9.2 ng Eq per g cerebrum 
and 4.3 ng Eq per g antrum (wet weight). Antral and cerebral extracts were subsequently applied to Sephadex G-50 superfine columns 
(11 x 1000mm) eluted at 4 °C with 0.02M veronal, pH 8.4, containing 0.1 % bovine serum albumin. The columns were eluted at a flow rate 
of 3.6 ml per h and fractions of 1.0 ml were collected. The immunoreactivity of each fraction was measured by the three assays. The columns 
were calibrated in separate gel filtrations with }**I-albumin for indication of void volume (Mo), highly purified porcine CCK~-33 (Veck 33), 
synthetic caerulein (Vcaerniein) and ?*NaCl for indication of the total volume of the column (V4). The extracts were also applied to Sephadex 
G-25 fine columns (15 x 90 mm) eluted at 4 °C with 0.25 M NH,HCO,, pH 8.2. calibrated with the same markers as the Sephadex G-50 
columns. Fractions. of 1.0 ml were measured by the three assays. The data are not shown in the figure because they agreed with results 
obtained on Sephadex G-50 columns. They revealed also three major peaks in both antral and cerebral extracts. The first peak appeared in 
the void volume, the second was eluted immediately after the void volume (Kay: 0.19) and the third was eluted after the salt peak (Kay: 
1.21) in a position identical to that of caerulein. Extracts of pools from 15 antra and hypothalami of the teleost Gadus morrhua were treated 
exactly as frog brains and antra. Samples of 0.25 g teleost hypothalamus and 1.89 g teleost antrum were cut in small pieces in the frozen 
state and extracted as described here. Using the three assays, the following quantities of CCK-gastrin-like immunoreactivity were measured: 
(1) 108 ng Eq caerulein per g hypothalamus and 106 ng Eq caerulein per g antrum (Ab 4698); (2) 34.5 ng Eq gastrin-17 per g hypothalamus 
and 25.2 ng Eq gastrin-17 per g antrum (Ab 2720); (3) 1.7 ng Eq gastrin per g hypothalamus and 4.9 ng Eq gastrin-17 per g antrum (Ab 
2604). By gel filtration on Sephadex G-50 superfine columns as described here, the immunoreactivity of both the cerebral and the antral 
extracts was eluted in three major peaks of which the quantitatively largest in both extracts occurred in a position corresponding to that of 
caerulein. 


shown that in amphibians, in contrast to mammals, the 
occurrence of a sulphated tyrosyl-group in position 7 (as 
counted from the COOH-terminus), and not in position 6 
as in gastrin (Table 1), is very important for acid stimu- 
latory potency’. Thus, physiological evidence alone suggests 
that caerulein-like molecules are frog ‘gastrins’. Our 
demonstration of a molecule with the size and immuno- 
logical properties of caerulein in frog antrum tends to 
support this view. It is interesting that examination of the 
amino acid sequences: of. caerulein and phyllocaerulein 
shows that whereas thesepeptides resemble CCK in most 
of their sequence, they have similarities to gastrin in both 
their NH.- and COOH-terminal portions (Table 1). Thus, 
whereas in mammals, birds and reptiles CCK- and gastrin- 
like molecules occur in separate cell systems, the same 
cell seems to be responsible for the production of gastrin- 
CCK-like molecules in amphibians and bony fishes. 
Although comparisons with hormones of phylogenetic 
ancestors are impossible, the observations in frog as well 
as teleost antrum suggest that gastrin and CCK have 
evolved from a common caerulein-like ancestral molecule. 
Immunocytochemical studies have revealed cells reactive 
with antisera against caerulein as well as glucagon in cyclo- 
stomes™". Although the question whether the glucagon and 
caerulein-like immunoreactivity resides in a single molecule 
rémains to be resolved, it is possible that the two main 


families of gut hormones evolved from a single precursor 
occurring in very primitive vertebrates. 

CCK-like peptides have been demonstrated in the brain 
of mammals". It is interesting that similar molecules 
exist in the brains of amphibians and fishes and that they 
have the same characteristics as the peptides found in the 





Table 1 Amino acid sequence of caerulein, phyllocaerulein and the 
COOH-terminal decapeptides of porcine cholecystokinin and 
sulphated gastrin 





SO,H 
Cholecystokinin Aip- Arg-Asp-Tyr-Met-Gly-Trp-Met-Asp-Phe: NH, 
SO,H 
*Ghu-Gin-Asp-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NH, 


Caerulein 
SOH 
Phyllocaerulein *Glu-Glu-Tyr-Thr-Gly-Trp-Met-Asp-Phe- NH, 
SO,H 
Gastrin Glu-Glu-Glu-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH 2 





*Glu, pyroglutamic acid. 
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gastrointestinal tract and skin. Immunocytochemical studies 
in frogs show that nerves containing these peptides are 
concentrated in the median eminence of the hypothalamus 
in much the same pattern as nerves containing known 
releasing or inhibiting factors to the pituitary (Fig. 2). 
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Gonadotrophin-releasing hormone deficiency 
in a mutant mouse with hypogonadism 


FAMILIAL hypogonadism in man, due to an_ isolated 
deficiency of gonadotrophin secretion, has been well 
documented'™*, but difficult to investigate because of the 
lack of a suitable animal model‘. We report here the 
genetic and endocrinological background of a mutant 
strain of mouse in which the testes and ovaries fail to 
develop postnatally. The primary cause of this seems to 
be a deficiency in hypothalamic gonadotrophin-releasing 
hormone (GnRH) with a consequent reduction in pituitary 
content and circulating levels of luteinising hormone (LH) 
and follicle-stimulating hormone (FSH). By analogy with 
the Brattleboro rat (genetic defect in vasopressin synthesis) 
this mutant should prove useful for studying the synthesis 
of hypothalamic releasing hormones as well as the role 
of the hypothalamic-gonadotrophin system in sexual dif- 
ferentiation, puberty, folliculogenesis and spermatogenesis. 
The mutant has been named hypogonadal, symbol Apg. 

The mutation was found at Harwell, segregating out 
from matings between three pairs of full sibs. Each of 
these was heterozygous for the Robertsonian translocation, 
Rb(1.3)1Bnr, which is of tobacco mouse (Mus poschia- 
vinus) origin; and the matings represented the final step 
of establishing the translocation on a house mouse genetic 
background after 10 generations of backcrossing. The 
house mouse used throughout the crosses was the F, hybrid 
between two inbred strains, C3H/HeH and 101/H. Since 
the mutation has not been found in either inbred strain, 
or in the original mixed tobacco mouse/house mouse 
stock’ which carried the translocation, we have concluded 
that the mutation must have arisen in one of the animals 
of the latest backcross generations. 

Breeding records generally indicated an autosomal 
recessive inheritance. Thus, Apg mice (both male and 
female) segregated out from matings that produced the 
mutant in accordance with the 25% expectation for this 
mode of inheritance (Table 1). In addition, all animals 
(both male and female) that were capable of producing 
hpg offspring in intercrosses, failed to do so when tested 
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in outcrosses to unrelated mice. When the progeny of 
such outcrosses were mated together, 7 out of 22 pairs 
again produced the mutant. This frequency is not signifi- 
cantly different from the 25% expected if hpg is inherited 
as an autosomal recessive. The only evidence discordant 
with this form of inheritance was the apparent low fre- 
quency of heterozygotes from matings that had been 
shown to be capable of producing the mutant. Two-thirds 
of the phenotypically normal progeny of such matings 
should be heterozygotes and, since they cannot be 
distinguished from their homozygous normal siblings, the 
expectation of two heterozygotes being mated together in 
random intercrosses should be 0.44. In fact, although at 





Table 1 Segregation of Apg among 17 matings producing the mutant 





Progeny 
Normal Mutant NC Normal Mutant NC 
2? 99 Fe 3g dd $3 
219 55 35 197 6 14 





NC, Not classified for Apg; this includes only pre-weaning loss for 
males but both pre- and post-weaning loss for females. 


least 20 offspring were checked per mating, only 10 out of 
47 intercrosses of this origin were capable of producing 
hpg offspring. This is significantly different from the 
expectation. The reason for this discrepancy is not under- 
stood. 

The segregation of the Robertsonian translocation in 
matings producing hpg has not been followed, but many 
of the animals used in the early crosses have proved to 
be chromosomally normal. There is therefore little possi- 
bility that hpg is linked to Rb(1.3)1Bnr, and this virtually 
rules out the proximal regions of chromosomes 1 and 3 
as the location of Apg in the linkage map. No other 
mutants similar to hpg and, therefore possibly allelic, are 
yet known in the mouse. 

Hypogonadal males can readily be distinguished from 
their normal male siblings by external examination. The 
penis is smaller than normal, the scrotum is undeveloped 
and the anogenital distance is much shorter than in normal 
males. Internally, all male reproductive organs are present 





Fig. 1 a, Micrograph of ovary of 71-d-old normal female at same 
magnification as b. Well developed follicles and a corpus luteum 
can be seen. b, Micrograph of ovary of 71-d-old hpg female. None 
of the follicles shows any obvious signs of antrum formation. In 
most cases, the oocyte is surrounded by two layers of granulosa 
cells. c, Micrograph of testis of 71-d-old normal male at same 
magnification as in d. Here, spermatogenesis is complete, and the 
interstitial tissue is abundant and active. d, Micrograph of testis 
of 71-d-old Apg male. The failure of full development of sperma- 
togenesis and the sali state of the interstitial cells can 
seen, 
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Table 2 Change of organ weight (mg) with age in normal and Apg mice of both sexes 














Males Age (d) Testes Seminal vesicles Adrenal glands 
Normal Mutant Normal Mutant Normal Mutant 
31 110.7+ 4.8 12.44 2.1 0.7 -+0.1 40.4 3.3404 
39 147.7+-16.9 48.4- 8.2 — 1.2 = 
47 169.94- 0.7 92.5+ 6.6 1.0+0.3 0.5 4.24-1.8 
65 158.7+10.9 152.4+ 16.8 0.7+:0.2 0.1 4441.7 
71 175.0+ 3.1 126.0 -+42.3 1.4+0.5 +1.0 4.2 -4-0.9 
89 187.6+14.2 182.9+-13.5 4.2(1) 40.2 3.640.4 
97 152.0 -+22.3 94.9 4+-28.7 1.8(2) 0.4 5341.6 
112 169.9+21.6 132.0: 12.3 0.5 -4-0.3 +09 5.0-0.9 
Females Ovaries Uteri Adrenal glands 
Normal Normal Mutant Normal Mutant 
31-42 +0.6 42.34 7.5 3.64:0,7 3 3,240.5 
714 .74:2.4 68.8 +23.0 3.5+0.9 0 5.2+0.4 
88 Stil 107.0 4-18.0 2.1 40.4 2 2.52) 
100-110 14.5 -2.6 118.4+14.9 2.9:+0.4 7 6.5403 








Means based on 3--10 animals per group, unless indicated by number in parentheses. 


but immature. The testes, located in the abdomen, are 
very small. 

The effect in females is similar. Externally, Apg females 
resemble normal females but can be distinguished with 
reasonable accuracy by the failure of the vagina to open 
fully. Internally, a thread-like uterus can be seen, and 
the ovaries are so small as to be distinguished only with 
difficulty. 

Groups of three to ten normal and hpg mice of both 
sexes were killed at different ages, and body, gonadal, 
accessory sex organ and adrenal weights were recorded. 


showed early stages of antrum formation (Fig. 16). No 
luteal tissue was seen and interstitial tissue seemed to 
be atrophic. : 

Tables 3 and 4 show that the pituitary content of LH 
and FSH was markedly reduced in the mutant, although 
still assayable; the levels of hypothalamic GnRH were 
exceedingly low or undetectable. That the hypogonado- 
trophism/hypogonadism is due primarily to a lesion 
involving GnRH synthesis was supported by the fact that 
plasma LH could be increased in hpg mice by injecting 
synthetic GnRH intravenously, but not by electrically 





Table 3 Hypothalamic GnRH, pituitary and plasma gonadotrophic hormone levels during development in normal and Apg males 








Age Hypothalamic GnRH (pg) Pituitary LH (ng per pit.) Pituitary FSH (ng per pit.) Plasma FSH (ng per ml) 
(d) Normal Mutant Normal Mutant Normal Mutant Normal Mutant 
31 499 +264 742 4184+110 25412 5,380(2) 389(2) 509 4-159 54+7 
39 1,033 +330 = 8924-155 — 7,745 +1462 m 385 4-92 == 
47 1,446 +406 18-43 1,304 +. 565 47+9 13,512+4696 218 +57 636 4-355 65 4.25 
61-65 1,278 -+303 540.1 2,126 +237 67+10 18,050-+ 1962 296 4-44 656 +80 614-5 
71 1,668 +343 9+2 1,983 4.228 1244+22 18,286 +4273 313424 — — 
87 1,264 +313 104-4 2,403 +46 T4+15 24,214 +2894 297 +48 478 4-63 3443 
97-99 1,814+629 6+1 1,337 +602 56+22 18,051 + 10285 199 +46 —_ ~~ 
112-115 2,230 4-251 1242 2,207 +549 1094-20 26,498 +6690 402 +76 ee 





GnRH was measured according to the procedures outlined in refs 10 and 11; gonadotrophins were measured according to the procedures 
outlined in refs 11-13. For each hormone, preliminary studies demonstrated parallelism between inhibition of binding curves produced by serial 
dilutions of the unknown and the appropriate standard. Standards were synthetic GnRH (ICI), NIH LH-S18, and NIAMD rat FSH-RPI. 


Means based on 3-10 animals per group unless indicated by number in parentheses. 


Table 2 shows that the development of the testes, seminal 
vesicles, ovaries, and uteri of the normal mice contrasts 
with the total lack of change with age in the Apg animals. 

‘Histological examination of the hpg testes revealed that 
in the majority of seminiferous tubules, spermatogenesis 
was rarely advanced beyond the diplotene stage. Interstitial 
tissue was scanty and appeared to be inactive (Fig. 1d). 
The ovaries contained mainly undeveloped follicles, and 
the majority of follicles which had undergone growth 


stimulating the hypothalamus. 

A number of parameters have been examined to deter- 
mine whether other hypothalamo—hypophysial systems are 
affected in the hpg mutant. Body weights (g) of hpg females 
were similar to those of their normal female sibs either 
at 3 weeks of age (10.544+0.13, n=19 compared with 
10.46 +0.66, n=63) or at 6 weeks of age (19.51+0.16, 
n=19 compared with 19.80+0.6, n=63). Although hpg 
males were no smaller than their normal male ‘sibs at 


seemed to be arrested at the pre-antral phase: a few 3 weeks of age (10.09+0.16, n=26 compared with 


Seen stom a a Sa acl aes 
Table 4 Hypothalamic GnRH, pituitary and plasma gonadotrophic hormone levels during development in normal and hpg females 





Age Hypothalamic GnRH (pg) Pituitary LH (ng per pit.) Pituitary FSH (ng per pit.) Plasma FSH (ng per ml.) 
(d) Normal Mutant Normal Mutant Normal Mutant Normal Mutant 
31-36 1,207 +364 14(2) 596+41 308(1) 2,207 + 300 200(1) = a 
41 831-4150 7+2 591 +108 154+51 1,098 +132 311489 -— =i 
71-72 831 -4-289 945 5144-113 93-45 1,040 -+464 489 4-107 211455 67 +6 
83 623 +198 <5 601 -+236 136439 1,240+ 358 548 +109 2204-89 644-5 
87-88 1,367 -+518 943 §54 +129 2154+129 1,781 4-284 687 +253 205 +34 5148 
974+. 440 4+1 648 +163 73+10 1,439+213 378 +64 2364.87 6046 
110 230 +42 942 220(2) — 7792) 824(2) a 


oe na I ee nS he ee ee ee a a aa 
Means based on 3-10 animals per group unless indicated by number in parentheses. 
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Table 5 Pituitary prolactin and ACTH in adult normal and Apg animals of both sexes 











Male Female 
=, , : Mutant Normal Mutant 
Pituitary prolactin (ng/pit.) 54.74 9.7 269.8 +89.3 92.3 46.6 
Pituitary ACTH (ng/pit.) 73.64+14.2 94.04 8.7 87.444 





Prolactin and ACTH were measured using the NIAMD rat assay kit and the method described in ref. 11, respectively. The standards were 
NIAMD rat prolactin-RP! and IH IWS ACTH (Mill Hill, London, UK). Means based on 5-8 animals per group. 


9.85+0.12, n=51), by 6 weeks of age, however, they 
were significantly smaller (17.77+0.22, n=23 compared 
with 22.69+0.10, n=51), and their body weights more 
closely approximated those of their normal female siblings 
(19.80+0.06, n=63). This probably reflects a difference 
between the two groups in testosterone secretion, if it 
were due to a defect in growth hormone in the mutant, 
a difference between body weights would also be expected 
to occur in the female animals. 

Histological studies of the thyroids from hpg, and 
normal mice showed no obvious differences in cell height 
of the follicular epithelium. This suggests that TSH 
production may be unaffected in the mutant. 

As the foetal adrenal X zone is known to disappear 
at puberty in the male and during the first pregnancy in 
the female*, it is not surprising that histological exam- 
ination indicated its presence in kpg males, and in both 
hpg and normal virgin females. As there was no significant 
difference in the width of the zona fasciculata/reticularis be- 
tween mutant and normal males and females, adrenal 
function in the mutant would seem to be normal. There 
were, however, significant intergroup differences in 
pituitary adrenocorticotrophic hormone (ACTH) and pro- 
lactin content in the older animals (Table 5). Although 
we cannot exclude partial defects in the hypothalamo- 
ACTH and hypothalamo-—prolactin axes, these differences 
probably reflect the effect which the hypothalamic- 
pituitary-gonadal system exerts on the other systems’. 

Gross examination of the Apg mice has revealed no 
associated central nervous or cranio—facial abnormalities. 
This, together with the genetic findings, suggests that the 
mutant is akin to Ewer’s series of human subjects’ who 
had familial monotrophic pituitary insufficiency transmitted 
as an autosomal recessive. 

We thank Lesley Clifford, Vivienne Langford and Shirley 
Lewis for assistance; Drs G. D. Niswender, L. E. Reichert, 
A. F. Parlow, H. Gregory, J. Gormley and A. L. Walpole 
and the NIAMDD for radioimmunoassay materials; and 
the MRC for support. C.A.L is a MRC scholar. 
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Nigral and striatal 
dopamine release under sensory stimuli 


SEVERAL groups have demonstrated the presence of a 
dopamine (DA)-sensitive adenylate cyclase in the substantia 
nigra. This adenylate cyclase is associated with postsynaptic 
dopaminergic receptors", supporting the hypothesis of a 
dendritic release of DA originally suggested by Bjérklund 
and Lindvall’. Other reports provided further arguments in 
favour of this hypothesis. Exogenous “H-DA, taken up in 
slices of the rat substantia nigra, was shown to be released 
by potassium through a calcium-dependent process*. 
Furthermore, spontaneous and evoked release of “H-DA has 
been demonstrated in vivo in the cat substantia nigra“. The 
increase of “H-DA release in the substantia nigra induced 
by amphetamine (10°°M) or benztropine (10°°M) is 
associated with a reduction of the transmitter release from 
nerve terminals in the ipsilateral caudate nucleus, suggesting 
a decreased activity of the nigrostriatal dopaminergic’ 
neurones. A similar phenomenon was seen in the caudate 
nucleus when DA (10°°M) was directly introduced into the 
substantia nigra". We present here a study of the effects of 
unilateral sensory stimulations on the release of DA from 
nerve terminals and dendrites of the two nigrostriatal 
dopaminergic pathways. Previous studies” revealed an in- 
crease in the levels of homovanillic acid in the perfusates 
of the cat lateral ventricle during electrical stimulation of 
the paws. 

Groups of cats anaesthetised with halothane (2%) were 
implanted with four push-pull cannulae to simultaneosly 
superfuse both caudate nuclei and both substantia nigrae 
using techniques detailed elsewhere". Purified 1-3,5-"H- 
tyrosine (40 Ci mmol'), dissolved in an artificial cerebro- 
spinal fluid (40 aCi mi~’), was introduced in each push-pull 
cannula at a rate of 300u1 per 10min using peristaltic 
pumps. *“H-DA released in successive !0-min fractions of 
superfusates was isolated from 1-3,5"H-tyrosine and H- 
metabolites by ion-exchange chromatography on Amberlite 
CG50 and the adsorption on alumina’. At steady-state level 
the quantities of “H-DA released in the caudate nuclei and 
the substantia nigrae were 0.5 to 0.8 nCi per 10 min and 
0.1-0.6 nCi per 10 min, respectively. They represented about 
5-40 times the blank value which was identical to the 
counter background. 

In a first experiment, a pair of electrodes was inserted 
into the paw of the right forelimb and a 10-min stimulation 
was carried out 3h after onset of the superfusions using 
monophasic square pulses delivered by a Grass S 44 stimu- 
lator (4-6 V, 0.5 ms, 0.25 Hz) through a stimulus isolation 
unit. The intensity of the stimulus was adjusted in each 
experiment just below the threshold of the apparent muscle 
contraction. The 10-min stimulation of the paw of the right 
forelimb induced a significant activation (170%) of “H-DA 
release in the contralateral substantia nigra when compared 
with the release of “H-DA determined in corresponding frac- 
tions of control animals. This activation was associated 
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with a simultaneous reduction (30%) of the *H-transmitter 
release in the corresponding caudate nucleus which lasted 
for 1h at least. An opposite pattern was observed in the 
side ipsilateral to the stimulation—the release of *H-DA was 
reduced in the substantia nigra and enhanced in the caudate 
nucleus (Fig. 1). 

Similar results were obtained in a second experiment in 
which a visual sensory stimulation was substituted for the 
somatic electrical stimulation. In this case, the left eye was 
obturated and the right one was exposed for 10min to a 
series of light flashes delivered with a frequency of 0.2 Hz. 
The two dopaminergic pathways reacted ın opposite ways. 
In the side contralateral to the stimuli, the intense activa- 
tion of *H-DA release in the substantia nigra was con- 
comitant to the reduction of the *H-transmitter release 
from dopaminergic terminals and the reverse effects were 
seen in the ipsilateral side (Fig. 2). 

The release of *H-DA into the substantia nigra can easily 
be modulated by physiological stimuli. As originally postu- 
lated*“*, it may originate from dopaminergic dendrites and 
not from recurrent axonal collaterals; the changes in the 
nigral release of *H-DA were always in the opposite direc- 
tion to those observed in striatal terminals. This extends 
our previous data which indicated some differences in the 
characteristics of the release process of *H-DA in the sub- 
stantia nigra and in the caudate :nucleus®. Indeed, tetrodo- 
toxin, a neurotoxin which blocks sodium channels, did not 
reduce the release of *H-DA in the substantia nigra in 
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Fig. 1 Effects of unilateral somatic electrical stimulation on the 
release of 7H-dopamine from the two caudate nuclei and the two 
substantia nigrae. Four push-pull cannulae were simultaneously 
implanted ın the left (a) and the right (b) caudate nucle: and in 
the left (c) and the right (d) substantia nigrae. The four structures 
were perfused with an artificial cerebrospinal fluid containing 
L-3,5-*H-tyrosine. *H-dopamine was estimated in 10-min 
successive superfusate fractions. The paw of the right forelimb 
was stimulated (hatched bars) for 10 min using a pair of elec- 
trodes (monophasic square pulses, 4-6 V, 0.5 mis, 0.25 Hz). In 
each animal and for each cannula, 7H-dopamine in each successive 
fraction was expressed as a percentage of an average spontaneous 
release calculated from the five fractions collected before the 
stimulation. Data are the mean +s.e.m. of results obtained with 
five animals (a, b) or four animals (c, d). *, P < 0.05 when com- 
pared with corresponding control values (O) obtained in five 
non-stimulated animals. 
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Fig. 2 Effects of unilateral visual stimulation on the release of 
_ 7H-dopamine from the two caudate nuclei and the two substantia 
nigrae. Animals were treated as described in Fig. 1, except that 
the peripheral stimulation consisted of a series of light flashes 
(10 min, 0.2 Hz) directed to the nght eye during the obturation 
of the left one. Data are calculated and expressed as in Fig. 1. 
*, P< 0.05 when compared with corresponding control values 
(CO) obtained in five non-stimulated animals. a, Left, and b, 
might caudate nuclei. c, Left, and d, right substantia nigrae. 
Results for a-d are from five ani 


contrast to that observed in the caudate nucleus. 

In the side contralateral to the somatic or visual stimula- 
tion, the activation of the dendritic release of °H-DA was 
always associated with a decreased activity of the dopamin- 
ergic neurones as indicated by the reduction of the trans- 
mitter release from nerve terminals. This phenomenon can 
be compared with the reduction of the activity of these 
neurones induced by the nigral application of DA? (107 M), 
amphetamine’ (10° M) or benztropine’ (10° M), treatments 
which enhance the synaptic levels of the amine in the 
substantia nigra’. It may be related to the presence of auto- 
receptors on dopaminergic cells, first suggested on the basis 
of electrophysiological studies”. Therefore in physiological 
states, it can be postulated that the activity of the dopamin- 
ergic neurones is inversely correlated to the extent hes the 
dendritic release of the transmitter. 

In a previous study”, we demonstrated the occurrence of 
a reciprocal control of the activity of the two nigrostriatal 
dopaminergic pathways. Briefly, treatments which selec- 
tively reduced the activity of one nigrostriatal dopaminergic 
system activated the release of DA from the nerve terminals 
of the contralateral dopaminergic neurones. This was 
observed shortly after the electrocoagulation of ‘the left 
substantia nigra and during its superfusion with DA 
(107 M), amphetamine (107° M) or benztropine (107° M). In 
these experimental conditions, the existence of opposite 
changes in the release of 7H-DA from the nerve terminals 
of the two caudate nuclei was confirmed. If, as already 
discussed, the activity of the dopaminergic neurones is 
dependent on the extent of the dendritic release, it can. be 
assumed that the opposite fluctuations in "H-DA release 
from nerve terminals are related to the reverse opposite 
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changes in the transmitter release occurring at the sub- 
stantia nigra level. 
In our initial demonstration of the reciprocal control of 
the activity of the two dopaminergic pathways”, the opposite 
changes in activity of these systems were triggered by 
physical or pharmacological manipulations of the dopamin- 
ergic neurones in one substantia nigra. Therefore, the 
marked opposite variations in the activity of the two 
systems seen under unilateral sensory stimulation could be 
initiated by inputs preferentially delivered on one pathway. 
But, nearly identical evoked potentials have been recorded 
in the two substantia nigrae during unilateral stimulation 
of the limbs’*. Similarly, bilateral responses were also found 
in the caudate nuclei during unilateral somatic stimulation 
or unilateral visual stimulation’. The neuronal circuits 
involved in the opposite changes in the activity of the two 
dopaminergic pathways are not known, however. 
Our results support the concept of the involvement of the 
nigrostriatal dopaminergic neurones in the integration of 
multisensory inputs’®. In fact, unilateral degeneration of 
the ascending dopaminergic neurones is known to produce 
a pronounced deviation in movements and posture on the 
side ipsilateral to the lesion and a pronounced deficiency in 
the ability to orientate toward sensory stimuli which are 
presented to the contralateral side of the body. The 
demonstration of the disymetric activity of the two dopamin- 
ergic pathways in response to unilateral sensory informa- 
tion should be of heuristic value for the understanding of 
the role of the extrapyramidal system in sensory motor 
integration. 
This work was supported by grants from DRME (76/329), 
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Chlordiazepoxide selectively augments 
GABA action in spinal cord cell cultures 


THE clinical actions of benzodiazepines—relief of anxiety. sup- 
pression of convulsions, and relaxation of skeletal muscle— 
suggest that they enhance inhibition in the central nervous system 
(CNS) but their mechanism of action is unknown. Indirect 
evidence ™? indicates that benzodiazepines augment the action of 7 
aminobutyric acid (GABA), a putative inhibitory transmitter. For 
example, diazepam increases presynaptic inhibition in the spinal 
cord**, a type of inhibition that may reflect GABA action on 
primary afferent terminals?. 
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„In addition, chlordiazepoxide mimics GABA in decreasing the 
firing rate of rat brain neurones®. These. and other. actions of 
benzodiazepines are blocked by the GABA antagonists. picro- 
toxin and/or bicuculline. Precise interpretation of such indirect 
evidence is difficult in view of the complexity of the intact brain, 
and the picture is far from clear. One physiologic study has 
concluded that benzodiazepines are potent GABA antagonists’. 
Another study based on benzodiazepine displacement of `H- 
strychnine binding to CNS membranes suggested that these drugs 
may interact with glycine receptors rather than GABA receptors“. 
We have analysed the effect of chlordiazepoxide (CDPX) on 
GABA and glycine responses in spinal cord cell cultures, where 
individual neurones can be visualised and tested directly. Our 
results suggest that CDPX selectively facilitates the action of 
GABA, whether exogenously applied or synaptically released, by a 
direct action on the postsynaptic membrane. 

Cells were dissociated from 4-7-d embryonic chick spinal cords, 
and plated in collagen-coated 35-mm tissue culture dishes, as 
previously described’. Electrophysiologic experiments were per- 
formed on the stage of an inverted microscope equipped with 
phase-contrast optics. The cells were perfused with oxygenated 
nutrient medium and temperature (34-36 C) and pH (7.4) were 
carefully controlled. Individual neurones were penetrated for 
intracellular recording with 4M potassium acetate or 3 M po- 
tassium chloride filled microelectrodes (R = 50-100 MQ). 
Membrane conductance was monitored by injecting pulses of 
inward current through the recording electrode (connected in a 
bridge circuit). Drugs were applied by pressure ejection from blunt 
tip (3-5 um) pipettes: this technique allows application of known 
drug concentrations. GABA and glycine were also applied by 
iontophoresis from fine tip (< 0.5 um) double barrel pipettes. 

Recordings were taken from over 200 cells studied 1 1-40 d after 
plating. The cell bodies of neurones selected ranged between 
approximately 20 pm and 50 jm in diameter. All neurones tested 
were sensitive to GABA and glycine. Both drugs were applied 
sequentially to 38 cells. With a potassium acetate electrode, and a 
good penetration (resting potential ~ 70 mV to —80 mV). appli- 
cation of either drug produced a small depolarising response 
associated with a marked increase in membrane conductance. 
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Fig. 1 GABA and glycine (Gly) responses. u and > are slow-speed 
tracer records of responses to pressure ejected GABA (} mM) and 
glycine (1 mM). Horizontal lines below the records indicate the 
pressure pulse duration. Vertical lines are electronic potentials 
produced by inward current pulses (1 nA for 100 ms in a. 0.26 nA for 
100 msin 6): their length is proportional to the cell input resistance. In 
(a) the cell was penetrated with a potassium acetate electrode, and 
GABA and glycine responses were evoked at two membrane 
potentials (note the vertical scale). Both responses reversed polarity at 
about —60 mV. b shows responses recorded in another cell with a 
potassium chloride electrode. After Cl loading, both drugs de- 
polarised the cell to about — 10 mV. Baseline irregularity in these and 
other records reflect spontaneous synaptic activity. € And d are 
oscilloscope traces showing fast GABA and glycine responses 
(potassium chloride recording electrode) following iontophoresis 
from a double barrel pipette, lontophoretic current pulses are shown 
below each trace. The paired responses were evoked before (left). 
during (middie) and I min after (right) pressure ejection of the 
indicated antagonists. The voltage calibration bar also indicates 
0.4 HA in cand 1.0 4A ind. Bicuculline was added at 2.2 x 10 4 Mand 
strychnine at 1005 M. 
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These voltage responses reversed direction when the cell was 
depolarised above —50 mV to —60 mV (Fig. la). As expected 
from work in other systems (for review see ref. 10), the increase in 
membrane conductance induced by GABA or glycine reflects 
primarily an increase in permeability to Cl” ions. When KCI filled 
recording electrodes were used, the reversal potential for both 
drugs was shifted towards 0 mV (Fig. 1b). Pressure ejection of 
bicuculline or strychnine attentuated GABA and glycine re- 
sponses. respectively (Fig. le. d). 

Pressure ejection of CDPX immediately produced a striking 
potentiation of the GABA response. while having no effect on the 
glycine response (Fig. 2a). The potentiation was rapidly reversible 
after termination of the CDPX pulse, but it was maintained for 
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Fig. 2 CDPX potentiation of GABA responses. In a, paired 
iontophoretic glycine and GABA responses are shown on a slow 
speed tracer (top). Note the selective potentiation of the GABA 
potential, The same phenomenon is shown in fast oscilloscope sweeps 
(below) taken before, during and after pressure ejection of CDPX 
(60 aM). Note that different sets of calibration bars apply to top and 
bottom records. The late depolarisation seen here subsequent to 
CDPX application (top) probably reflects potentiation of GABA 
that leaks from the closely applied iontophoretic pipette. It was never 
observed in the absence ofa GABA pipette. b, A trace illustrating that 
potentiation of submaximal GABA responses depends on CDPX 
concentration. 6 4M GABA was applied by pressure ejection at the 
indicated times. The small hyperpolarisation coincident with CDPX 
ejection is an artefact. Spontaneous synaptic potentials were sup- 
pressed in this experiment with tetrodotoxin (3.4 10°* M). The 
break in the record represents a 2-min interval. ¢, Trace illustrating 
that a maximum (1 mM) GABA response is prolonged by CDPX 
(10 + M) but the peak potential change and conductance increase are 
unchanged. Break in baseline, 4 min. Inward current pulses, 0.6 nA 
for 100 msin4;0.3 nA for 100 msine. Calibration barsina(top)apply 
also to band c. Potassium chloride recording electrode was used in a; 
potassium acetate in b and c. 


several hours in the continued presence of CDPX. CDPX alone, at 
potentiating concentrations (1077 M to 1074 M), had no effect on 
the resting membrane potential or membrane conductance. Poten- 
tiation of GABA responses increased with increasing CDPX 
concentration between 1077 M and 1074 M (Fig. 24), with an 
ED. (50", effective concentration) of approximately 5-10 uM (44 
cells). (The conductance caused by GABA was calculated assum- 
ing a shunt was inserted in parallel with the resting membrane 
conductance, and the CDPX potentiation was expressed as a per- 
centage increase in this specific GABA conductance.) The CDPX 
pulse preceded the GABA pulse (Fig. 24), so the effective CDPX 
concentration probably is lower than the pulse concentration, and 
these estimates of the EDs, must be considered upper limits. 
CDPX increased the magnitude of submaximal GABA responses. 
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The response to a maximal dose of GABA (1 mM) was prolonged, 
but the peak response was unchanged (13 cells) (Fig. 2c). 

CDPX potentiation of GABA chemosensitivity might be due 
to:(1) blockade of GABA uptake: (2) induction of GABA release; 
or (3) a direct effect on the postsynaptic membrane. Blockade of 
uptake is unlikely. Our transport studies failed to demonstrate an 
effect of I mM CDPX on *H-GABA uptake in sister cultures. 
Also, 1 mM _ L-2,4-diaminobutyric acid, a known inhibitor of 
neuronal GABA uptake! ', did not alter the potentiating effect of 
CDPX (five cells). Induction of GABA release cannot account for 
the potentiation of large GABA responses in the absence of a 
GABA-mimetic effect. A direct postsynaptic effect on GABA 
receptors is most likely. Since CDPX at potentiating con- 
centrations is not an agonist, itis probably not acting at the GABA 
binding site. It may bind to a regulatory site on or near the GABA 
receptor, and alter either the affinity of the receptor for GABA, or 
the coupling between GABA binding and opening of membrane 
chloride channels. This conclusion is consistent with a recent 
description of saturable, high affinity binding of *H-diazepam in 
rat brain!?, The *H-diazepam binding could not be inhibited by 
GABA or GABA antagonists. 

In addition to potentiation of exogenously applied GABA, 
CDPX augments synaptic potentials that are probably mediated 
by GABA. Synaptic potentials were evoked by extracellular 
stimulation of nearby neurones or nerve processes, and KCI 
recording electrodes were used to convert small inhibitory poten- 
tials into large depolarising responses. Large Cl~' dependent 
synaptic potentials that were attenuated by bicuculline were 
augmented by CDPX (six cells) (Fig: 3). As expected of a drug 
which increased GABA-ergic inhibition, CDPX often reduced the 
overall frequency of spontaneous synaptic potentials. 


Fig. 3 CDPX potentiation of a bicuculline sensitive synaptic 
potential. The stimulus evoked synaptic potentials labelled 1-5 were 
recorded with a potassium chloride electrode and were obtained in 
sequence, 1, Control: 2. during ejection of 10 + M bicuculline; 3, 
return to control | min later; 4, during ejection of 1.2x10*M 
CDPX: 5. return to control. The stimulus artefact appears as a break 
in the trace immediately before the evoked response. Spontaneous 
synaptic potentials appear late in the records. Each record is the 
superposition of three consecutive oscilloscope sweeps. 


This demonstration of potentiation of GABA-ergic synaptic 
potentials as well as of exogenously applied GABA supports the 
hypothesis that some central actions of benzodiazepines are 
associated with enhanced GABA-ergic inhibition. We found no 
evidence for interaction with glycine receptors. It should be noted 
that the CDPX ED, for GABA potentiation (5-10 4M)isat least 
20 times smaller than the ED. reported® for *H-strychnine 
displacement (200 uM). In any case, the selectivity of CDPX, asa 
complement to the GABA antagonists, should prove useful in 
identifying and characterising GABA-ergic pathways in the CNS, 
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Phosphorylation of 


chloroplast membrane polypeptides 
ILLUMINATION of chloroplast thylakoids leads to the forma- 
tion of the so-called high energy state of the membrane‘’. 
The establishment of this state is accompanied by several 
structural changes within the membrane, including a 
conformational change in the coupling factor‘, increased 
accessibility of photosystem II to the chemical probe 
p-diazonium benzene sulphonate’, and a reduction in the 
thickness of the partition between stacked thylakoids’. 
I describe here a rather different type of structural change 
that has not previously been reported for chloroplast 
membranes—protein phosphorylation. Like the above 
changes, protein phosphorylation is a reversible, energy- 
dependent membrane modification, but it differs from the 
other changes in that it takes the form of a specific 
chemical reaction involving certain identifiable chloroplast 
membrane polypeptides. The most conspicuous of these 
polypeptides is the light-harvesting chlorophyll a/b binding 
protein, the most abundant thylakoid polypeptide’. 
Isolated class A or class B (ref. 8) chloroplasts of the 
pea (Pisum sativum L. var. Feltham First) incorporated 
’P-orthophosphate into ATP, CTP, GTP, UTP and RNA 
in the light’. In identical conditions of chloroplast 
isolation and incubation, protein phosphorylation is also 
readily demonstrated. After a standard incubation period 
of 10min, labelled chloroplasts were washed, solubilised 
in boiling sodium dodecyl sulphate (SDS) solution, and 
fractionated by SDS-polyacrylamide slab gel electro- 
phoresis*®. Chloroplast proteins were detected by staining 
the gel with Coomassie Brilliant Blue (Fig. la) and 
radioactivity was located by autoradiography (Fig. 15). 
Many polypeptides were visible after staining but three 
were particularly prominent: (1) the 54,000 molecular 
weight (MW) large subunit of ribulose 1,5-bis-phosphate 
(RBP) carboxylase, the most abundant soluble chloroplast 
protein’, (2) the 12,000 MW subunit of the same 
enzyme, and (3) the 26,000 MW subunit of the light harvest- 
ing chlorophyll a/b binding protein complex’. There were 
two major phosphorylated polypeptides: (1) a 26,000 MW 
polypeptide which co-migrated in every experiment with 
the chlorophyll a/b binding protein, and (2) a 9,000 MW 
polypeptide whose MW was estimated by comparison with 
cyanogen bromide cleavage fragments derived from cyto- 
chrome c”. Other phosphorylated polypeptides were also 
evident, their molecular weights falling generally in the 
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the range 7,000-70,000. Neither subunit of RBP carboxy- 
lase was labelled in vitro. 

In many experiments, it was possible to resolve the 

26,000 MW polypeptide into two labelled species (Fig. 2). 
The MW of the second polypeptide was estimated to be 
28,000. These two polypeptides, together with the 9,000 MW 
polypeptide, were eluted from the gel’ and subjected to 
brief acid hydrolysis. The digestion products were separated 
by paper electrophoresis and shown to be phosphothreonine 
and orthophosphate. During acid hydrolysis phosphothreo- 
nine breaks down to threonine and orthophosphate. It is 
therefore likely that the 65% recovery of isotope in phos- 
phothreonine underestimates the percentage of the label 
in this form in the native protein. It is possible, however, 
that some of the labelled orthophosphate was derived from 
other less stable phosphorylated amino acids such as 
phosphohistidine. At present, we can only say that most 
of the “P-orthophosphate incorporated into the 28,000, 
26,000 and 9,000 MW polypeptides was recovered in 
phosphothreonine. 
The 26,000 and 9,000 MW polypeptides were found to 
be membrane-bound and to be labelled in vivo (Fig. 3). 
The recovery of all but the 70,000 MW polypeptide in the 
thylakoid and envelope fraction of osmotically shocked 
chloroplasts indicates that chloroplast protein phosphoryla- 
that is essentially a membrane phenomenon and supports 
the conclusion reached earlier that RBP carboxylase was 
not phosphorylated in vitro. 

Leaf pairs were allowed to take up *P-orthophosphate 
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Fig.1 Zn vitro incorporation of **P-orthophosphate into chloro- 
plast phosphoproteins. Chloroplasts from 10-d-old pea seedlings 
were isolated and resuspended in isotonic KC] medium as 
described previously**. An aliquot (100 ug chlorophyll in 
0.5 ml) was incubated at 20°C for 10 min with carrier-free 
22P-orthophosphate (100 pCi). Illumination was by a single coil 
200-W tungsten lamp (Philips). After incubation the chloro- 
plasts were diluted with 10 ml of ice-cold 0.35 M sucrose medium 
containing 25 mM HEPES—NaOH buffer (pH 7.6), 2 mM EDTA 
and 2 mM sodium isoascorbate, and centrifuged at 2,800g for 
2 min. The chloroplast pellet was washed twice in acetone—water 
(4:1) and then taken up in 400 ul of 2% SDS solution containing 
60 mM Tris-HCl! buffer (pH 6.8), 0.5% 2-mercaptoethanol and 
10% glycerol. After 3 min at 100 °C, the solution was cooled and 
an aliquot (40 ul) was electrophoresed through a 10°%-30°% 
exponential gradient slab gel of acrylamide which included a 5% 
stacking gel’. The gel was stained with Coomassie Brilliant Blue, 
photographed and autoradiographed. a, Photograph of stained 
gel showing total chloroplast protein, b Autoradiogram showing 
chloroplast phosphoproteins. Molecular weights were estimated 
by comparison with known standards, including cyanogen 
bromide cleavage fragments of cytochrome c**. 
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Fig. 2 Identification of threonine as site of phosphorylation in 
three chloroplast phosphoproteins. a, Chloroplast phospho- 
proteins were labelled in vitro for 10 min, fractionated electro- 
phoretically and located by autoradiography. b, Bands con- 
taining the 28,000, 26,000 and 9,000 phosphoproteins were cut 
from the gel slab and the polypeptides were extracted as tryptic 
peptides?®. After lyophilisation the tryptic peptides were digested 
under N, in 6 M HCI (105 °C, 90 min) and analysed by electro- 
phoresis on Whatman 3 MM paper using formic acid—acetic 
acid-water (1:2:45) buffer (pH 2.0). Autoradiography showed 
that radioactive material was located at the origin (O) and also 
found in phosphothreonine (PT) and orthophosphate (Pi) but 
not in phosphoserine (PS). 


for 6h under constant illumination and were then homo- 
genised and chloroplasts were isolated. Electrophoresis 
of the solubilised polypeptides showed that the 26,000 and 
9,000 MW polypeptides were again the most heavily labelled 
chloroplast phosphoproteins and therefore that the in vitro 
labelling of these polypeptides was not an artefact of 
chloroplast isolation but represented a physiological pro- 
cess. The broad band (X) labelled in vivo was phospholipid. 

The in vitro phosphorylation of chloroplast membrane 


— EE 


Table 1 /n vitro phosphorylation and dephosphorylation of 
chlorophyll a/b binding protein within isolated chloroplasts 


32P-incorporation 
(10 min light = 100) 
l 


Incubation conditions 


Light 0min 
1 min 12 
5 min 48 
10 min 100 
20 min 88 
30 min 72 
10 min+20 uM CCCP 1 
Dark 10 min l 
Light (10 min) followed by 
10 min light 88 
10 min dark 9 
10 min light + 20 yM CCCP 20 
10 min light+ 1 mM KHPO, (pH 8.3) 37 





Replicate aliquots of a suspension of pea chloroplasts (100 pg 
chlorophyll in 0.5 ml isotonic KCI medium) were pre-incubated for 
10 min in the dark at 20 °C with or without 20 pM CCCP. Radio- 
isotope (100 Ci **P-orthophosphate) was then added to each 
replicate and incubation was continued in the light or the dark as 
indicated. After the incubations the chloroplasts were washed, 
solubilised and fractionated electrophoretically as described in Fig. 1. 
After the position of the chlorophyll a/b binding protein (26,000 MW 
polypeptide) had been determined by staining and autoradiography, 
the band of gel containing it was excised from each track and **P was 
determined by measuring Cerenkov radiation in a liquid scintillation 
spectrometer (counting efficiency 45%). Incorporation into the 
chlorophyll a/b binding protein is expressed relative to the incor- 
poration into this protein after 10 min illumination (1.5 x 10‘ d.p.m. 
per gel slice, or 1.5 x 10° d.p.m. per incubation). 
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polypeptides was not linear with time (Table 1). Incorpora- 
tion of “P into the 26,000 MW polypeptide was rapid for 
5-10 min and thereafter was reversed. The loss of radio- 
activity from the 26,000 MW band was greater than could 
be explained by chloroplast disintegration during incubation 
or washing. Two processes determined the instantaneous 
level of protein labelling—phosphorylation and dephos- 
phorylation. Protein phosphorylation was driven by light 
through photophosphorylation. In this respect it resembles 
RNA and protein synthesis in isolated pea chloroplasts'**. 
Dephosphorylation was readily demonstrated by incubating 
chloroplasts for 10 min in the light to label the 26,000 MW 
polypeptide and then subjecting the chloroplasts to various 
treatments to inhibit or chase protein phosphorylation: 
(1) dark incubation, (2) illumination in the presence of 
the uncoupler carbonylcyanide m-chlorophenylhydrazone 
(CCCP), and (3) a chase with 1 mM unlabelled ortho- 
phosphate. In each case, rapid loss of radioactivity from 
the chloroplast proteins was observed. Thus, chloroplast 
protein phosphorylation is reversible, being sensitive to 
the ATP levels within the organelle. 

Chloroplast protein phosphorylation has not previously 
been reported, although protein kinase activity has been 
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Fig. 3 Location and in vivo labelling of chloroplast phospho- 
proteins. Isolated chloroplasts were incubated in vitro with **P- 
orthophosphate for 10 min and then washed in ice-cold sucrose 
medium. Half of the chloroplasts were solubilised immediately 
in SDS solution and the remainder were resuspended in hypo- 
tonic medium (20 mM Tris-HCl, pH 8.0, 4 mM MgCl, 2 mM 
2-mercaptoethanol) and centrifuged at 30,000g for 30 min. The 
pellet, containing thylakoids and envelopes, was solubilised in 
SDS solution. Chloroplasts were also isolated from 10 leaf pairs 
which had taken up **P-orthophosphate (50 pCi per leaf pair) 
for 6 h under continuous illumination. The radioactive chloro- 
plast pellet was solubilised in SDS solution and electrophoresed 
alongside the two in vitro labelled samples. a, Total chloroplast 
proteins, labelled in vitro. b, Total chloroplast membrane pro- 
teins, labelled in vitro. c, Total chloroplast proteins labelled 
in vivo. The broad band (X) in track c represents labelling in 
phospholipid. 


attributed to chloroplasts from Acetabularia’® and to a 
fraction from Brassica containing nuclei and chloroplasts’. 
I have shown that two chloroplast membrane polypeptides 
(with MWs of 26,000 and 9,000) are particularly heavily 
phosphorylated in vivo and in vitro, with several other 
polypeptides also being phosphorylated to a detectable 
extent in vitro. The polypeptide of 26,000 MW co- 
electrophoreses with the light-harvesting chlorophyll a/b 
binding protein, the most abundant thylakoid polypeptide. 
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Other evidence that these two polypeptides are identical 
will be published elsewhere. The function of thylakoid 
protein phosphorylation is not known but it may be 
involved in establishing the high energy state of the 
thylakoids in state I-state 2 transitions'*. These transitions 
are part of the mechanism whereby the chloroplast regu- 
lates energy flux from light-harvesting chlorophyll molecules 
to ensure equal electron flow through the two photo- 
systems. This regulation may involve the binding of divalent 
metal cations to the chlorophyll a/b binding protein’. 
It is likely that phosphorylation of this protein would alter 
both its cation binding properties and its interaction with 
the two photosystems. 
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Identification of a transformation-specific 
antigen induced by an avian sarcoma virus 


GENETIC analyses of avian sarcoma viruses (ASV) have 
led to the identification of a gene, designated src, which 
encodes a product required for the initiation and main- 
tenance of neoplastic transformation in infected fibro- 
blasts'’*. Because the src gene product has not been 
identified biochemically, this study was initiated to detect 
a transformation-specific protein, using serum from rabbits 
bearing ASV-induced tumours. We describe here the 
identification of a  60,000-MW | transformation-specific 
antigen detectable in ASV-transformed chicken cells and 
ASV-induced hamster tumour cells by immunoprecipitation 
of radiolabelled cell extracts with serum from tumour- 
bearing rabbits. Moreover, the expression of this antigen 
is temperature dependent in chicken cells transformed 
by an ASV temperature-sensitive mutant in the sre gene. 
The use of this antiserum may lead to the unequivocal 
identification and characterisation of the ASV src gene 
product and this, in turn, may lead to the elucidation 
of the mechanism of ASV-induced oncogenesis. 

Serum from rabbits whose Schmidt-Ruppin (SR) strain 
ASV-induced tumours followed two different patterns of 
growth, labelled A and B and described in the legend 
of Fig. 1, was tested for the presence of antibodies directed 
against any non-structural proteins. Cell extracts prepared 
from radiolabelled normal and SR-ASV-transformed 
chicken cells were immunoprecipitated with these sera and 
also with monospecific sera directed against virion 
structural proteins, and analysed by sodium dodecyl 
sulphate (SDS)—polyacrylamide gel electrophoresis (Fig. 1). 
The proteins precipitated from SR—ASV-transformed 
chicken cells by serum A and B (tracks 5 and 7) having 
molecular weights (MW) of 76,000 (Pr76), 66,000, 53,000, 
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27,000 and 12,000-15,000 are the precursor and inter- 
mediate and mature cleavage products of the ASV group- 
specific (gs) antigens’’. The 180,000 MW virus-specific 
protein which precipitated with anti-polymerase IgG and 
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Fig. 1 Autoradiogram of SDS-polyacrylamide gel analysis of 
proteins immunoprecipitated from *S-methionine-labelled un- 
infected and SR-ASV-transformed chicken cells. Tumours were 
induced in rabbits by the subcutaneous and intramuscular 
injection of newborn New Zealand rabbits with ~ 10* focus- 
forming units of purified SR-ASV (subgroup D). Palpable 
tumours appeared within 10-14 d in all of the nine rabbits 
injected. Tumour growth followed two different patterns 
involving either development of multiple metastases (serum A) 
or regression of the original tumours (serum B). In the experi- 
ments reported here, the serum was obtained 5 weeks after the 
animals had been inoculated with virus. Sera A and B were both 
found to contain antibodies to all three virion structural proteins 
including the viral core proteins or gs antigens, the envelope 
glycoprotein gp85, and the RNA-dependent DNA polymerase 
(J.S.B. et al., unpublished observations). These antibodies were 
detected by immunoprecipitation of **S-labelled proteins from 
lysed, purified ASV and by neutralisation of virion polymerase 
activity and of focus formation. Adult rabbits receiving the same 
dose of infectious virus did not develop tumours and did not 
produce antibody to any virus-specific proteins. Uninfected and 
SR-ASV-transformed chicken embryo fibroblasts (CEF) were 
seeded at a density of 8 x 10° cells per 100-mm Petri dish and 
labelled the next day for 4 h with 10 pCi ml~* **S-methionine 
(New England Nuclear, 400 Ci mM ~’) in Eagle’s medium lacking 
methionine and supplemented with 5% calf serum (Colorado 
Serum Co.). The cells were washed three times with STE (150 mM 
NaCl, 10 mM Tris-HCl, pH 7.2, | mM EDTA) and lysed in 
RIPA buffer™ (150 mM NaCl, 1% sodium deoxycholate, 1% 
Triton X-100, 0.1% SDS, 10 mM Tris-HCl, pH 7.2) containing 
1% Trasylol, a general inhibitor of proteases'* (FBA Pharma- 
ceuticals, New York) and centrifuged at 90,000g for 30 min. The 
supernatant was divided into samples of equal volume and 
incubated with 10 yl of the pertinent antiserum. After 30 min at 
4°C, 200 ul of a 10% suspension of the protein A-containing 
bacterium, Staphylococcus aureus, strain Cowan I were added 
to adsorb the immune complexes as described by Kessler!*. After 
four washes with RIPA buffer, the bacteria were resuspended 
in sample buffer (0.07 M Tris-HCl, pH 6.8, 11.2% glycerol, 3% 
SDS, 0.01 % bromophenol blue, 5% B-mercaptoethanol), heated 
at 95°C for 1 min, pelleted, and the supernatant was electro- 
phoresed through a discontinuous SDS-polyacrylamide slab 
gel system using the buffer systems described by Laemmli'*. The 
stacking gel contained 4.2%, acrylamide, 0.1% bis-acrylamide 
(pH 6.8). The separation gel was a 5-15 °% gradient of polyacryla- 
mide (38:1 acrylamide: bis-acrylamide), 11 cm long. Gels were 
stained in 0.1% Coomassie blue in 50% trichloroacetic acid for 
approximately 1 h and destained in several changes of 10% 
acetic acid, 5% methanol. The dried gels were exposed to Dupont 
Cronex-4 medical X-ray film. Tracks 1-3 display the polypeptides 
immunoprecipitated from uninfected CEF with: 1, normal 
rabbit serum; 2, serum B; 3, serum A. Tracks 4-10 display 
polypeptides immunoprecipitated from SR-ASV-transformed 
CEF with: 4, normal rabbit serum; 5, serum B; 6, serum B which 
was incubated with 125 ug of purified disrupted SR-ASV before 
addition of the cellular extract; 7, serum A; 8, anti-RAV-0 DNA 
polymerase IgG; 9, anti-gp85 serum; 10, anti-p27 serum. Track 
11 contains *°S-methionine-labelled ASV. T7 virion proteins are 
included as molecular weight markers. 
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anti-p27 serum as well as with sera A and B has been 
identified as the product of genes which encode the gs 
antigens and DNA polymerase’. The glycoprotein, gp85, 
migrates on this gel with the same mobility as the viral 
polymerase. An additional virus-specific protein with a 
molecular weight of 60,000 is also precipitated by both 
sera. This protein is not precipitated by antibody against 
any of the ASV structural proteins, nor is it precipitated 
from normal chicken cells by any sera tested. Incubation 
of serum B with disrupted virus before the addition of 
the labelled cell extract blocks the immunoprecipitation 
of all the virus-specific proteins except that of the poly- 
peptide of molecular weight 60,000 (track 6). The fact 
that the intensity of this antigen is identical with and 
without the block suggests that its immunoprecipitation 
is not dependent on antibodies against any of the ASV 
structural proteins. 

Figure 2 (tracks 4, 5, and 6) displays ‘the polypeptides 
immunoprecipitated from a radiolabelled extract of a 
cloned line of SR—ASV-induced Syrian hamster tumour 
cells (SR-SHC/C1A). These proteins are co-electrophoresed 
with immunoprecipitates from SR-—ASV-transformed 
chicken cells (tracks 1, 2, and 3). Serum B precipitated 
two virus-specific proteins from SR-SHC/CIA cells. One 
protein co-migrates with the Pr76 precipitated from 
SR-ASV-transformed chicken cells (track 2). No mature 
gs antigens are detectable in these hamster tumour 
cells, which suggests that Pr76 is not processed normally. 
The only other virus-specific protein precipitated from 
this hamster tumour cell line by serum B is a protein 
which co-migrates with the 60K protein immunoprecipitated 
from chicken cells. This polypeptide is not precipitated 
by antibody to any structural proteins, nor is it immuno- 
precipitated from normal Syrian hamster cells by any 
sera tested. When disrupted virus is incubated with 
serum B before the addition of the labelled cell extract 
(track 6), the precipitation of Pr76 is completely blocked, 
whereas the intensity of the 60K band is identical to 





Fig. 2 Autoradiogram of SDS-polyacrylamide gel analysis of 
proteins immunoprecipitated from SR-ASV-transformed chicken 
and hamster cells. SR-SHC/CIA cells were obtained by tryp- 
sinisation of a tumour induced by injection of a newborn Syrian 
hamster with SR-ASV. Cells were labelled with **S-methionine, 
immunoprecipitated and electrophoresed as described in the 
legend to Fig. 1. The cells and serum used are the following: 
1, ASV-transformed CEF, normal serum; 2, ASV-transformed 
CEF, serum B; 3, ASV-transformed CEF, serum B blocked with 
125 ug disrupted virus; 4, SR-SHC/CIA, normal serum; 3, 
SR-SHC/CIA, serum B; 6, SR-SHC/CIA, serum B blocked 
with 125 ug of disrupted virus. Track 7 contains **S-methionine- 
labelled ASV-virion proteins. 
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Fig. 3 Autoradiogram of SDS-polyacrylamide gel analysis of 
proteins immunoprecipitated from *S-methionine-labelled 
chicken cells transformed by the SR-ASV mutant NY68 (sub- 
group A). CEF cells were transformed with NY68 (ref. 4) and 
maintained at 35°C. Transformed cells were trypsinised and 
plated at 35 °C or 41 °C at a density of 8 x 10° cells per 100-mm 
Petri dish and 16 h later the cultures were labelled for 1 h with 
20 Ci ml~ *S-methionine, immunoprecipitated and analysed 
as described in Fig. 1. The temperature of incubation of NY68- 
transformed cells and the serum used for immunoprecipitation 
are the following: 1, 35°C, normal serum; 2, 41 °C, no 
serum; 3, 35 °C, serum B; 4, 35 °C, serum B blocked with dis- 
rupted virus; 5, 41 °C, serum B; 6, 41 °C, serum B blocked with 
disrupted virus; 7, 35°C, anti-p27 serum; 8, 35 °C, anti-p27 
serum blocked with disrupted virus; 9, 41 °C, anti-p27 serum; 10, 
41 °C, anti-p27 serum blocked with disrupted virus. Track 11 
contains **S-methionine-labelled ASV virion proteins. 


that in track 5. The 60K protein is also detectable in 
another line of hamster tumcur cells derived from a 
tumour induced by SR-ASV in the inbred LSH strain 
of hamsters, 

The presence of an antigen having identical molecular 
weights in two different species of ASV-transformed cells 
suggests that this antigen is ASV transformation specific. 
This conclusion is supported by the finding that cells 
infected with a SR transformation-defective mutant or 
with RAV-50 or Carr—Zilber Associated virus (CZAYV), 
both subgroup D viruses, do not contain the 60K protein. 
The expression of this transformation-specific antigen 
was also examined in cells infected with the SR-ASV 
temperature-sensitive (fs) mutant, NY68 (ref. 4) (subgroup 
A), which is defective in the initiation and maintenance 
of transformation at 41°C, although virus replication 
is normal at this temperature. Figure 3 shows that the 
60K protein was barely detectable in NY68-transformed 
cells grown at 41°C relative to the 60K band from 
cells cultured at 35 °C. Equivalent amounts of the other 
virus-specific proteins such as the gs antigens and their 
precursors (180K, Pr76, Pr53, p27, and pl2-15) were 
immunoprecipitated from cells grown at both temperatures, 
indicating that overall virus-specific protein synthesis at 
the two temperatures was the same and suggesting that 
the presence of the 60K protein is transformation 
dependent. 

The use of serum from rabbits bearing ASV-induced 
tumours has allowed the detection of a 60,000 MW protein 
which has the following properties of an ASV trans- 
formation-specific antigen. (1) This protein is present in 
two different species of cells transformed by ASV. It 
seems unlikely that a virus-induced, cell-coded protein 
from two such widely divergent species would have 
identical molecular weights. Tryptic peptide fingerprints 
of the 60K proteins from transformed hamster and 
chicken cells are being prepared to characterise these 
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two proteins further. A 60K polypeptide has been 
synthesised in reticulocyte cell-free extracts using sub- 
genomic regions of the ASV genome as a mRNA (ref. 8). 
Experiments are in progress to ascertain whether it 
is the product of the ASV src gene. (2) The 60K polypeptide 
is not detectable in cells infected with non-transforming 
leukosis viruses (RAV-50 and CZAV) of the same 
subgroup as the tumour-inducing virus or with a SR 
transformation-defective virus. (3) The amount of 60K 
protein is greatly reduced at the non-permissive tem- 
perature in cells transformed by a mutant, NY68, 
temperature sensitive in the production of the src gene 
product. This suggests that the 60K protein could be 
the product of the mutant gene and that the polypeptide 
loses its antigenicity when denatured at 41°C and is 
unable to react with the antibody or that the defective 
protein may be degraded more rapidly at 41°C than 
the normal protein and thus less is detected in the 
conditions used here. Accelerated degradation of the 
protein products of fs genes at the non-permissive 
temperature has been demonstrated with mutants of 
vesicular stomatitis virus and of SV40 (refs. 9, 10). Alter- 
natively, the 60K protein could be a virus-induced cell- 
coded protein, and its reduced immunoprecipitation at 
41°C may merely reflect host changes secondarily 
associated with the loss of transformation. All of these 
possibilities are being investigated. 
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Structures of benzo(a)pyrene—nucleic 
acid adducts formed in 
human and bovine bronchial explants 


PUBLICATION by Sims et al. of evidence that the 7,8-dihydrodiol- 
9,10-oxide of benzo(a)pyrene (BP) is a metabolic intermediate in 
the covalent binding of this ubiquitous polycyclic aromatic 
hydrocarbon to DNA in hamster embryo cells! was followed by 
many related publications’. Grover et a/.* also obtained evidence 
that the same derivative is involved in the binding of BP to the 
DNA of human bronchial explants, although details of the specific 
isomer involved and of the structure of the adduct were not 
reported. We describe here studies on RNA and DNA adducts 
formed by human bronchial explants and provide evidence that 
the structures of the major adducts are similar to those formed in 
the analogous bovine system. 

Two stereoisomers of BP 7,8-dihydrodiol-9, 10-oxide (BPDE) 
have been synthesised. In isomer I, the 7-hydroxyl and 9,10-oxide 
groups are on the opposite sides of the plane of the ring system 
while in isomer H they are on the same side. Each stereoisomer has 
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Fig. 1 HPLC profile of RNA adducts formed by human bronchial 
explants incubated with 7H-BP. Human bronchial explants were 
incubated for 24h with °H-BP (ref. 20). The tissue was then 
homogenised with a Polytron PT 10-20-350D homogeniser in 3 ml of 
10mM Tris-HCI], 0.4M NaCl, 2mM EDTA (pH 7.9). Sodium 
dodecyl sulphate (SDS) (30 pl 20%) and proteinase K (0.5 ml, 2 mg 
mi~?) were then added and the mixture incubated overnight to 
dissolve the tissue. The solution was then extracted several times with 
water saturated phenol containing 0.1% SDS and 0.1% 8- 
hydroxyquinoline and once with chloroform-amyl alcohol (3:1) 
before the addition of 0.03 volumes of 2 M sodium acetate (pH 5.0) 
and precipitation with 2 volumes of ethanol. The ethanol 
precipitation was repeated and followed by the addition of 50 A459 
units of poly (G) previously modified by reaction with BPDE 1 (ref. 
12) and then hydrolysis of the RNA in 0.3 M NaOH overnight at 
37°C. The samples were neutralised with acetic acid and 
chromatographed on Sephadex LH 20 columns. The DNA eluted in 
the void volume and the modified ribonucleotides eluted with 40% 
methanol. The latter were treated with alkaline phosphatase 
overnight before separation by Sephadex LH 20 chromatography, 
this time eluting with 80% methanol. The modified nucleosides were 
then resolved by HPLC on Zorbax ODS columns operated at 2,500 
pounds per square inch at 50 °C, with 30% methanol in water for 
elution, Adducts resulting from the in vitro reaction of BPDE with 
poly (G) were detected by ultraviolet absorbance at 280 nm and in 
vitro samples by their radioactivity. 


two enantiomers which have also been prepared***. We have 
previously published the complete structure and stereochemistry 
of a major RNA adduct formed in bovine bronchial explants 
exposed to BP (refs 5, 7, 8) and shown that it is derived from the 
7R,8S,9R,10R enantiomer of BPDE (designated 7R-BPDE I) by 
the trans addition of the N? amino group of guanine to the 10 
position of the dihydrodiol oxide. Our assignment of the absolute 
stereochemistry of BP 7,8-dihydrodiol obtained during these 
studies has been confirmed by Yagi er al.*. Evidence that RNA (ref. 
9)and DNA adducts!*!! are formed from both isomers I and Il in 
other tissues and species, and that these involve the formation of 
similar guanine adducts, has been obtained. 

After exposure of explants of human or bovine bronchial 
segments to °H-BP, cellular RNA and DNA were isolated and 
digested to release the modified ribo- and deoxyribonucleosides, 
The latter were separated by Sephadex LH-20 chromatography 
and then analysed by high pressure liquid chromatography 
(HPLC) using appropriate markers synthesised in vitro. 

Figure | shows the HPLC profile obtained when human RNA 
was digested and cochromatographed with marker nucleoside 
adducts formed in vitro by the reaction of BPDE I with poly G. The 
profile of the human RNA in vivo products is similar to that 
reported for bovine RNA samples’, although the minor products 
are more pronounced with the human material. The digest of 
human RNA revealed four distinct radioactive peaks, designated 
H-RNA 1-4(Fig. I and Table 1). We have previously reported that 
BPDE I and BPDE II can form adducts in vitro with guanosine, 
cytidine and adenosine’?. Table | indicates that during HPLC the 
radioactive peaks eluted in the same region as some of these 
guanosine and cytidine adducts. The adenosine adducts formed in 
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vitro elute much later and very little radioactivity was detected in 
this region. By comparing the elution positions, before and after 
acetylation, of the radioactive peaks to the elution positions of the 
guanosine and cytidine adducts formed in vitro, we could conclude 
that H-RNA peaks | and 4 coincided with 7 R-BPDE I-guanosine 
adducts GI-2 and GI-3, respectively: H-R NA peak 3 with a BPDE 
Il-guanosine adduct GH-2; and H-R NA 2 with a BPDE-I-cytidine 
adduct CI-3 (Table 1). A major peak, H-R NA 4, coincides with the 
major bovine RNA adduct whose structure and stereochemistry 
has been previously elucidated® 7-8. This compound results from 
trans addition of the 2amino group of guanine to the 10 position of 
the 7 R enantiomer of BPDE I. H-RNA Lalso is derived from 7R 
BPDE I (ref. 8) and represents the analogous compound formed by 
cis addition (unpublished results and ref. 9). The predominance of 
adducts derived from a specific enantiomer of BPDE I suggests 
that both bovine™’ and human tissue oxidise BP with a consider- 
able degree of stereospecificity. Separate studies! 3+5 also indicate 
considerable stereospecificity in the metabolism of BP. Based on 
elution order and identity of circular dichroism (CD) spectra 
(A,250 = —93), peak GII-2 (Table 1) corresponds to an adduct 
whose structure has been previously elucidated by Koreeda et 
al’, It results from trans addition of the 2 amino group of 
guanine to the 10 position of 7S BPDE II. Since HRNA-3 is 
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Fig. 2 HPLC profiles of human and bovine DNA adducts formed 
by bronchial explants incubated with 7H-BP. The radioactive human 
or bovine DNA which eluted in the void volume of the Sephadex LH 
20 column (see Fig. | legend) was digested with DNase 1, snake and 
spleen phosphodiesterases and alkaline phosphatase'?. The modified 
deoxynucleosides were isolated by Sephadex LH 20 chromatography 
and co-chromatographed on HPLC with ultraviolet markers syn- 
thesised in vitro. a, Compares the HPLC profile of the human °H- 
deoxynucleoside adducts to that of deoxyguanosine adducts synthe- 
sised in vitro by reaction of 5’ dGMP with either BPDE 1 (dG-I) or 
BPDE IH (dG—Il). HPLC conditions: Lichrosorb C18, 5 um, 
3.2 x 250 mm column (Rainin), 2,500 pounds per square inch, 45% 
methanol, 50 °C. The major ( > 90%) in vivo DNA adduct eluted with 
a dG adduct (dGI-3) formed from BPDE I. b, Compares the HPLC 
profile of the acetates of 7H-bovine deoxynucleoside adducts to those 
of the acetates of dG-I] and dG-I. HPLC conditions: Zorbax ODS, 
2.1 x 250 mm column (Dupont); 2,500 pounds per square inch, linear 
gradient of 50-65% methanol in 50 min, 50 °C. A single radioactive 
invitro product was obtained (upper panel, b) which, when reanalysed 
on HPLC with 55% methanol as solvent, was cochromatographic 
with the acetate of dGI-3. Similar results were obtained with the 
acetate of the major 73H-human deoxynucleoside adduct. 
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Table 1 Separation of BP-nucleoside adducts and their corresponding 
acetates by HPLC 








Retention time Retention time 


Compound Nucleoside Acetate Compound Nucleoside Acetate 
HRNA-1 20 21 Cll-l 21 18 
HRNA-2 26 23 CH-2 29 20 
HRNA-3 31 34 CH-3 42 — 
HRNA-4 33 37 CIL-4 44 aa 
GI-1 18 27 CH-5 55 — 
GI-2 20 21 Cl-1 17 19 
GI-3 33 37 Cl-2 20 13 
GIl-1 23 23 CL-3 26 23 
GII-2 31 34 CI-4 27 14 
GIl-3 33 8 Cl-5 31 15 
GH-4 58 —— CI-6 44 12 





The nucleoside adducts were prepared and separated on HPLC as 
described in Fig. 1. Data are retention times of the human bronchial RNA 
(HRNA) adducts formed in vive, and of guanosine (G) and cytidine (C) 
adducts formed in vitro by reaction with BPDE isomer I or H. Numbers 1, 2, 
3, 4 refer to the order of elution of individual peaks from column. After 
elution individual peaks were acetylated (pyridine, acetic anhydride, 18 h 
room temperature) and re-run on HPLC using 55% methanol in water as 
solvent. The underlines indicate in vitro products which were cochromato- 
graphic with specific human RNA adducts. Further evidence for the 
chromatographic identity of HRNA-2 and 3 with the in vitro markers(CI-3 
and GI]-2) was obtained when their acetates were run on HPLC with 50% 
methanol as eluent. In these conditions slight isotopic separations were 
observed, similar to those previously reported??. 


cochromatographic with GII-2 this indicates that there is some 
synthesis of BPDE H by human tissue. 

The situation with DNA from both human and bovine samples 
was much simpler than with RNA. Following enzymatic digestion 
of the DNA samples, 80% of the modified deoxynucleosides eluted 
from the HPLC columns essentially as a single component, both 
before and after acetylation (Fig. 2). (The remaining 20% may be 
incompletely digested materials, since it eluted in the void volume 
of the Sephadex LH-20 column, and not been further 
characterised). With both the human and bovine material, the 
single radioactive peak cochromatographed with one of the 
deoxyguanosine-BPDE I derivatives, and not with de- 
oxyguanosine derivatives obtained with isomer H (Fig. 2a). 
Further evidence is provided in Fig. 2b which indicates that after 
acetylation the radioactive product was clearly separated from the 
acetylated isomer H adducts. 

The deoxyguanosine adduct formed in vitro which cor- 
responded to the major DNA adduct formed in human and bovine 
tissues was then isolated in a quantity sufficient for CD spectra 
(Fig. 3). The spectrum of this adduct was identical to that 
previously reported for the major guanosine adduct’*. This is 
consistent with the fact that the presence or absence of the 2’- 
hydroxyl group of the sugar residue should have little or no 
influence on the CD spectrum. The CD spectrum is extremely 
complex since it consists of extrema due to the perturbed pyrene 
and guanosine chromophores as well as the spatial interactions 
between the two chromophores, the latter being predominant. The 
identity of the CD spectra of the deoxyguanosine and guanosine 
adducts and the fact that the absolute stereochemistry of the 
BPDE I must be 7R (refs 15, 17) indicates that, except for the 2'- 
hydroxyl group, the structures and absolute stereochemistry of the 
two adducts are identical (see Fig. 3). As in the case of the RNA 
adduct” ~, the 2-amino group of guanine attacks position 10 of 
the 7R enantiomer of BPDE I through trans opening of the 
epoxide. 

Both human and bovine RNA samples displayed minor ad- 
ducts, the analogues of which were not detected in the DNA 
samples. The probable origin of two of these is described above, 
others were present in insufficient amount for identification. 
Possible explanations for the greater heterogeneity of adducts of 
RNA include the following. (1) The double stranded property of 
native DNA may contribute selectivity to its modification. (2) 
Both BPDE isomers I and H may be formed in the cytoplasm, but 
due to the greater instability of isomer I] (ref. 18) it may react only 


with cytoplasmic RNA and not reach the nuclear DNA. (3) There 3 
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Fig. 3 a, CD and b, ultraviolet spectra of dG1-3 (the product 
corresponding to the major in vitro DNA adduct from human and 
bovine bronchial explants). The sample was prepared and purified by 
HPLC as described in Fig. 2. Spectra in 50%, water-methanol. The 
CD Ae values are 30% lower than previously reported for guanosine 
adducts” because of a computational error in the previous data. The 
ultraviolet spectrum of the adduct is dominated by the strong bands 
of the pyrene chromophore, the transitions of which are: shoulder 
(shaded area) at 350-360 nm, Ly, short axis; 310-355 nm, d oe long 
„axis; 260-290 nm, 'B,, short ‘axis22, These interact with the guanine 
transitions at 260-270 nm, as shown by the solid line in the 
guanine structure, to give rise to the complex CD spectrum. 


may exist a separate nuclear monooxygenase system?’ which has 
greater stereospecificity than the cytoplasmic system in the 
synthesis of BPDE. Further studies are required to distinguish 
these possibilities. 

Our investigations on the major BP metabolite responsible for 
covalent binding to cellular DNA in human tissue, and our 
evidence for the structure of the DNA adduct which is formed may 
contribute to the understanding of the possible human hazards 
associated with environmental exposure to BP and other polycyc- 
lic aromatic hydrocarbons. 
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Lemania Soe me A Le 


Nucleotide sequence of 
Bombyx mori L. tRNA, %® 


THE functional adaptation of the tRNA population in the 
posterior silk gland of the silkworm Bombyx mori L during growth 
and secretion of fibroin' is the result of changes in the predominant 
isoaccepting tR NA species to accord with the frequency of various 
codons in fibroin mRNA (refs 2-4). tRNA adaptation to fibroin 
biosynthesis can be demonstrated by polyacrylamide gel elec- 
trophoresis maps. The main glycine codons GGU and GGA of 
fibroin mRNA (ref. 3) are translated by means of two prevalent 
iso-tRNA®!” species: iso-tRNA,@” decodes GGU and GGC 
whereas iso-t-RNA,°” decodes GGA (refs 4-6). The glycine 
tRNA,, the first sequenced tRNA from an insect®, has 74 
nucleotides and relatively few modified residues’: one thymidine. 
one pseudouridine, one dihydrouridine, one 1-methyl adenine, 1- 
methyl guanosine, four 5-methyl cytidine and one unusal 2'-O- 
methyl uridine in the acceptor stem. It carries the expected GCC 
anticodon*. Comparison with three other homodecoding 
tRNAgcc®” species reveals a high degree of homology. 

The functional adaptation of tRNA to the amino acid com- 
position of proteins being synthesised is best demonstrated by 
studying the quantitative changes of well-defined iso-tR NA species 
during development of the silk gland of the lepidopteran Bombyx 
mori L., which produces massive amounts of fibroin and sericin in 
the posterior and middle part respectively’? The observed 
changes intRNA species during the last larval stage before cocoon 
spinning are closely associated with the codon frequencies of 
glycine, alanine and serine in the rapidly accumulating fibroin 
mRNA, mainly GGU: GGA in a ratio of 1.4:1, GCU and UCA 
(refs 2-5). The sequence of the prominent tRNA,°'” species 
supports our predictions, based on triplet binding. of the presence 
of a GCC anticodon able to decode GGU and GGC codons**. 
This remarkable iso-tRNA,°" represents 20 + 3% of total tRNA 
at the end of the secretion phase of fibroin in the posterior silk 
gland whereas iso-tRNA,“” able to decode GGA and GGG 
accounts for 15 + 2%. Their ratio matches that of the correspond- 
ing codons in fibroin mRNA (refs 2, 8). 

The posterior silk glands from hybrids of European strains 200 
and 300 were dissected at the end of the last larval instar. Transfer 
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RNA was extracted as previously described? and tRNA,“ 
purified by a 1,500 transfer counter-current distribution to 80", 
and subjected to a final DEAE-cellulose chromatography at 65 °C 
7M urea®:’. This tRNA species is strongly polar, because of a low 
ratio of adenine to pyrimidine’, and has been identified by two- 
dimensional polyacrylamide gel electrophoresis as shown in Fig. 1. 
Co-electrophoresis of tRNA ,°'” from the middle silk gland secret- 
ing sericin and from the carcass rich in a chitin-associated protein 
shows that they have identical mobility. The pancreatic and T, 
RNase digestions, separation of the oligonucleotides on neutral 
and acidic DEAE-cellulose columns and high voltage elec- 
trophoresis, nucleotide analysis by thin-layer chromatography 
and all subsequent steps for further sequence analysis were carried 
out as described previously’. The identity of oligonucleotides has 
been checked again with *?P-tRNA,°%" isolated from two- 
dimensional gel and subjected to a mini-fingerprint®: elec- 
trophoresis on cellulose acetate strip at pH 3.5 followed by 
homochromatography on a PEI-cellulose thin-layer plate for the 
second dimension. A partial digestion with T, RNase, which yields 
mainly two halves, allows us to reconstruct unambigously a unique 
sequence. 

The complete sequence of B.mori t(RNA,°" or tRNAgec®™ is 
shown in Fig. 2 arranged in the cloverleaf model. It belongs to class 
I of tRNA characterised by four base pairs in the dihydrouridine 
stem anda short variable loop with four nucleotides. In addition to 
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Fig. 1 Two-dimensional polyacrylamide gel electrophoresis of pos- 
terior silk gland tRNA. One Azo unit of total tRNA from the 
posterior silk gland of B.mori 7-day-old larvae is applied to a 9.6%, 
acrylamide gel, 7 M urea, Tris-borate buffer pH 8.2 and run over 
35 cm for 45 h at 450 V (first dimension from right to left). The gel 
strip is cut out and embedded atop 20% acrylamide, 4M urea 
prepolymerised gel slab, The electrophoresis is run in the same buffer 
for 60 hat 120 V (second dimension from top to bottom). tRNA spots 
are located after staining with 0.2%, methylene blue solution in 2%, 
sodium acetate buffer pH 5.0 or by autoradiography using **P- 
labelled tRNA. Identification is performed either by acylation and 
deamination with nitrous acid to stabilise the ester bond or by using 
purified samples of (RNA species from counter-current distribution 
and/or BD-cellulose chromatography*''®, 


the standard 23 invariant and semi-variant residues responsible for 
the maintenance of the tertiary structure of the macromolecule"! 
shown in the composite diagram of Fig. 3, the tRNA, “" reveals 
some characteristic features already mentioned®. The occurrence 
ofa Umin position 4 of the acceptor stem seems to be a property of 
eukaryotic (RNAgcc“", which have been sequenced, since only 
tRNA, species from yeast'? and from wheat germ’? carry a 2’- 
O-methyl cytidine in the homologous position. The minor spot of 
tRNA, @, (a in Fig. 1), could be the non-methylated form”. The 
guanosine residue in the wobble position of the predicted GCC 
anticodon enables tRNA,“" species to decode the main GGU 
codon found in fibroin mR NA(ref. 3). Its exposed position makes 
an easy partial digestion with T, R Nase yielding two halves (a pGp 
5’-terminal fragment of 33 nucleotides and the 3’ end of 41 
nucleotides with different compositions) useful in reconstructing 
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Fig.2 Nucleotide sequence of Bombyx mori L. major tRNA ,®™ or 
tRNA gcc” arranged in the cloverleaf model. Standard abbrev- 
iations are used for the nucleotides. Base pairs are represented by a 
dot. Specific cleavages with pancreaticand T, R Nases yield 20 and 18 
digestion products respectively. Partial T, digestion at the exposed 
guanosine in the wobble position 33 gives two halves used to 
reconstruct unambiguously the unique sequence. The iso-tRNA °”? 
from posterior silk gland contains the GCC anticodon able to decode 
the main codon GGU found in fibroin mRNA®*. 


the total sequence. Like the other tRNA species decoding GNN 
triplets, the anticodon loop does not contain a hypermodified 
purine in position 36. The m*°C residue at position 37 has been 
found in the homodecoding tRNAgcc*” from wheat germ’? as 
well as in the major cytoplasmic valine (RNA of mouse myeloma 
cells'*, which carries the homologous tetranucleotide CAmSCGp. 
The m‘C triplet located at the junction of the short variable loop 
and the TYC stem also occurs only in tRNAgec®” species of 
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Fig.3 Composite diagram of homodecoding tRNAgecc™" species. 
We have included four t(RNA®” species able to decode GGU and 
GGC: tRNA,” from E.coli". t(RNA,°” from yeast '*, wheat 
germ’? and B-mori, Nucleotides not common are indicated by dot. 
The 23 invariant and semi-variant nucleotides are represented in 
small letters. R stands for purine and Y for pyrimidine. Those 
homologous to the four tRNA gec” species are noted in large letters. 
In parentheses we have shown additional similarities between the 
three eukaryotic species. 
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higher eukaryotic organisms from wheat germ to human plac- 
entat", The presence of four mC residues specific for the 
preponderant iso-tRNA,9™, in contrast to the two found in the 
iso-LRNA,°, can be used as a marker for tRNA biosynthesis 
studies ’“®. We have to point out the presence of the ‘invariant’ 
thymidine in the T¥C sequence is not ubiquitous with respect to 
the B.mori tRNA species. Our nucleoside and fingerprint analysis 
demonstrate clearly that both preponderant tRNA,,*" species 
(specific for the posterior silk gland) and tRNA 3,^" (common in 
all silkworm tissue)! have no thymidine’. 

Figure 3 represents the composite diagram of known hom- 
odecoding tRNAgec® species: tRNA3;°% from Evcoli’’, 
tRNA,” from yeast!?, wheat germ'* and B.mori. Considering 
both purine residues as R and pyrimidine residues as Y, the 
homodecoding tRNAgec°" species so far sequenced have 71.0% 
homology whereas eukaryotic species alone have 77.0%. There is 
an increase in sequence homology from E.coli (RNAgcc°" to 
yeast, wheat germ and B.mori corresponding to their phylogenetic 
relationship. Because of its great variability, however, the anti- 
codon stem could be considered as a target susceptible to 
evolutionary pressure. This reinforces the presumption that the 
central part of the tRNA molecule is involved in the recognition 
sites of cognate ligase and ribosome. 

The structural work has been done in Dr G. Dirheimer’s 
laboratory and supported by a grant from INSERM (no 76.10613) 
and the Fondation pour la Recherche Médicale Francaise. We 
thank Dr Dirheimer for his interest and Ms Ch.Fix for her 
excellent technical assistance. We are also indebted to Dr J. Daillie 
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Melting fine structure of DNA fragments 
of known base sequence from @ X174 


Tuere is much experimental evidence of discrete unfolding of 
double-stranded DNA, revealed as fine structures in the melting 
profile (refs 1-4 and refs therein). Although this is believed to 
reflect aspects of the nature of the base sequence through the 
instability of AT and GC base pairs®, detailed quantitative 
analysis is hindered by factors such as the highly cooperative 
nature of double-helix stabilisation by base stacking and the 
long-range correlation of helical states through the entropy effect 
of the unfolded loop. Furthermore, the lack of appropriate 
nomenclature for the base sequence has complicated discussion. 
Fortunately, essentially the whole base sequence of the DNA of 
bacteriophage ®X174 has been determined®, and we present 
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Fig. 1 Melting profiles of Y,-fragment (a) and Y,.-fragment (b) 
of DNA of phage ®X174. Double-stranded, closed-circular 
replicative form (RFI) of ®X174 phage was prepared from 
®X174 am3-infected Escherichia coli HF4704 cells as before’. The 
RFI molecules were cleaved by restriction enzyme HapII, and 
the products were separated by polyacrylamide gel electro- 
phoresis*. The gels were scanned at 260 nm using a Gilford 
spectrophotometer 250 to define the regions of the DNA frag- 
ments. The gel regions containing the largest (Y,) and the 
second largest (Y) fragments were excised and these fragments 
were extracted as in ref. 9. Melting profiles were obtained with a 
minicomputer-controlled on-line melting plotter?, The displays 
are made in differential form as d(1-0)/dT against T, where @ is 
the helix content obtained by the optical density measurement at 
260 nm, and T is the temperature. The ordinate is not normalised 
to the fragment length. Two results of independent measure- 
ments are shown by the solid and dotted lines in each figure. 


here melting profiles of two fragments obtained from the replic- 
ative form by means of the restriction enzyme Hapli, and 
examine them with reference to their base sequence. 

The differentiated melting profiles of fragments Y, (2,745 base 
pairs: position 3360-5375—729) and Y, (1,690 base pairs: posi- 
tion 1104-2793) measured in a 0.1 x SSC aqueous solution are 
shown in Fig. la and b, which have three and two well separated 
peaks, respectively, with some reproducible hyperfine structure 
in several of the peaks. Numerical data for the characteristics of 
the peaks are listed in Table 1. 

The base sequences of these fragments are also shown in Fig. 
2a and b in the form of the distribution function P(x) of the 
G-+C content, x, of sections each containing » base pairs along 
the DNA fragment, the first section starting with the first base 
pair, the second with the second base pair and so on until the 
whole fragment is covered. If the base sequence of the fragment 
is purely random and sufficiently long compared with the length 
of the section, n, the distribution function should agree with the 
binomial distribution 
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where X, is the G+C content of the whole fragment. The 
binomial distribution for a small value of z is also plotted in the 
same figure for comparison. 

We have speculated that a peak in the melting profile corre- 
“sponds to a homostability region or regions with a fairly homo- 
“geneous base sequence, because computer simulations based on 
the established molecular thermodynamic parameters for several 
randomly generated base sequences did not reproduce sharp 
peaks as obtained in melting experiments’. On the other hand, 
Lyubchenko etal: have shown that a sharp fine structure can be 
simulated by some computer-generated random base sequences®. 
But, arguments based on a limited number of such sequences 
è may not be meaningful, because a DNA molecule of 1,000 base 

pairs, for example, has 21°% varieties of base sequence. 
We therefore draw the following conclusions. (1) Fragments 
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Fig. 2 Local segmental distribution of G+C content in 
Y fragment (a) and Y fragment (b) of DNA of phage ®X174. 
The distribution function is expressed in terms of the G+C 
content, x, of sections each containing # base pairs along the 
DNA fragment, the first section starting with the first base pair, 
‘the second with the second base pair and so on until the whole 
fragment is covered. The last section, therefore starts with 
(N—n-+ lth pair where N is the total number of base pairs in 
the fragment. Two distributions with n = 19 and m = 499 are 
shown. The binomial distribution for n = 19 is shown by 
crosses. 
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Table 1 Numerical data for the melting peaks 
Fragment Peak no. Tm(°C) 20+ 
(base pairs) 

Yı it 70.8+0.1 0.54 3 

2t 72.3+0.1 0.53 850 

3 73.4401 0.42 330 
Y.* 1 70.6 +0.1 0.39 680 

2t 71.8401 0.56 1,010 





Peaks were measured in 0.1 ssc. 

* Mean value of two measurements. 

+ Full width at 0.61 x maximum height. 
ł Peak having hyperfine structure. 


Y, and Y,of ®X174 DNA have well resolved fine structures 
corresponding to the cooperative melting of sections containing 
300-1,500 base pairs (Fig. 1). (2) The base sequences of these 
fragments are fairly random when observed in short lengths, 
‘random’ being defined in terms of several criteria, such as the 
nearest neighbour base frequency, autocorrelation of the base 
sequence and the binomial distribution of the G+C content 
(Fig. 2). (3) The distribution of the local segmental G+-C con- 
tent shows some deviation from a smooth distribution when it 
is averaged over several hundred bases (Fig. 2). Whether this 
distribution is statistical or has some functional significance 
cannot be determined because of the small number of samples 
available. (4) The melting profiles seem to reflect the long-range 
base distributions when Figs 1 and 2 are compared. (5) Detailed 
analysis shows that cooperativity in the melting of DNA is 
much stronger than previously expected, and the value of the 
cooperativity parameter used by Lyubchenko et al.* seems to be 
more appropriate than that used earlier. 

It is important that ambiguous and unrealistic terminology, 


such as ‘homogeneous’ or ‘random’, should not be used to ` 


describe the nature of base sequences with limited length. 
Instead, because the melting profile of a known sequence unam- 
biguously shows several peaks, we are working on the deter- 
mination of the molecular thermodynamic parameters for the 
melting of DNA. A quantitative discussion on the relation 
between the base sequence and the melting profile will be pub- 
lished elsewhere. 
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Generation length and rates of 
hominoid molecular evolution 


BENVENISTE and Todaro! recently pre- 
sented a large and valuable body of 
DNA annealing data bearing on Old 
World monkey, ape, and human evolu- 
tionary relationships. For an evolutionary 
biologist, the basic advantages of such 
data lie in their potential to provide 
phylogenetic information with minimal 
reference to other sources of comparative 
data on the organisms under study. That 
is, the molecular data set can, in large 
part, be tested internally and thus tell its 
own message. We therefore find it dis- 
turbing that Benveniste and Todaro 
have carried out a phylogenetic inter- 
pretation of their data using the assump- 
tion that generation length affects rates 
of nucleic acid evolution—especially 
when one notes that they present on the 
same page data from their own work 
which strongly suggest that it does not. 
We have specific reference to Fig. 1 and 
Table 2 of ref. 1. 

In Fig. 1 of ref. 1 the authors calculate 
intrahominoid divergence times assuming 
an Old World monkey-ape time of 
30 Myr and a rate of DNA base sub- 
stitution inversely proportional to the 
estimated generation lengths involved. 
That is, longer generation length forms 
would undergo less rapid DNA evolu- 
tionary change. In this fashion, dates 
reasonably compatible with current 
palaeontological views of hominoid evolu- 
tion? are obtained. Thus Benveniste 
and Todaro fail to note that the data of 
their Tables 1 and 2 show no such 
dependence on the proposed generation 
lengths. 

We can reach this conclusion because 
the generation length hypothesis is, 
fortunately, subject to direct test. What- 
ever the divergence time of, for example, 
the human and gibbon lineages, both 
have obviously existed for the same length 
of time since their separation, If the 
generation length hypothesis were valid, 
then the human line would have accumu- 
lated fewer nucleotide substitutions in 
that time than the gibbon line. Therefore 
our DNA would today remain more 
similar to that of a monkey than is 
modern gibbon DNA. Specifically we 
note the human-gibbon AT,,R of 6.9 °C. 
In the legend to Fig. 1, Benveniste and 
Todaro state that they assume for the 
gibbon line a value of 1 °C AT,,R per 
3 Myr of evolution, and for the human 
line 1°C AT,,R per 5 Myr. Since the 


Table 1 Intraprimate relative molecular distances 








Albumin plus* 


Transferrin Time of 
Taxa compared DNA*t Immunology divergence (Myr) 
Homo-Pan-Gorilla 0.14 0.12 4-5 
(H,P,G)~Pongo j 0.25 9-1] 
(H,P.G)-Hy/obates 0.36 0.29 11-13 
Apes, man-Old World monkeys 0.60 0.57 20-22 
Catarrhini-Platyrrhini 1.0 1.0 35-38 
Prosimii-Anthropoidea —f 2.0 70-75 


*Each number in these columns is the ratio of the distance between those taxa and the 


catarrhine-platyrrhine distance. 


+The first three numbers are means of the relevant data points in refs. 1,3, and 9. 

¢Prosimian—anthropoid differences are apparently too large to give reliable DNA data. 
But, our immunological studies of albumin and transferrin evolution in primates and other 
mammals show very similar amounts of change along the various primate lineages along with a 
prosimian-anthropoid distance almost exactly twice that between New and Old World 
higher primates (platyrrhines and catarrhines)'". Placing the beginnings of the adaptive radia- 
tion leading to modern primates at 70-75 Myr, this gives a platyrrhine-catarrhine separation 


at ~ 35 Myr (ref. 11). 
human and gibbon iines separated, then, 
the latter would have accumulated 5/3 
as many nucleotide substitutions. That is, 
of the 69°C, 43°C would have 
accumulated along the gibbon line, and 
2.6°C along the human. Thus when 
human and gibbon DNAs were compared. 
to that of an Old World monkey 
(baboon), that of the gibbon should have 
given a AT,R 1.7 °C larger than that 
given by human DNA, and such a 
difference is several times greater than the 
experimental errors implicit in such DNA 
comparisons. Yet precisely this com- 
parison is presented in Tables | and 2 of 
ref. 1, where we note the baboon- 
human difference to be 9.1 °C, while the 
baboon-gibbon difference is 9.05 °C. 
Indeed, all five hominoids tested are in 
the range 9.15 0.15 °C., that is identical 
within experimental error. As the actual 
data, by direct test, fail to show the 
assumed generation length effect, why 
allege its influence in time of divergence 
calculations? This is, after all, not a new 
issue. Other authors have argued for 
generation length effects in hominoid 
molecular evolution®*, and had their 
arguments answered? ~, Indeed, Kohne?’, 
though favouring the generation length 
hypothesis, had nevertheless allocated 
the same amounts of change along the 
human and gibbon DNA lineages as 
long ago as 1970. 

In the absence of any documentation of 
a generation length effect, and with the 
direct demonstration that amounts of 
DNA change along the various primate 
lineages are a function of the temporal 
lengths of those lineages, we feel amply 
justified in using the available data to 
calculate divergence times as in the 
accompanying Table 1. 

The particular virtue of protein and 


nucleic acid data is that we can actually 
count interspecies differences in constant 
units and allocate them along lineages 
with minimal dependence on non- 
molecular evidence. Unfortunately, it 
has far too often been the case that the 
molecular data have been forced into a 
misguided congruence with what is 
thought to be hard evidence from a 
sparse and spotty primate fossil record— 
thereby long-delaying the day when those 
data will achieve their proper and in- 
valuable place in providing that frame- 
work within which to most usefully view 
other bodies of evolutionary evidence, 
including those deriving from the fossil 
record. 

VINCENT M. SARICH 

JOHN E, CRONIN 


Departments of Anthropology 
and Biochemistry, 

University of California, 

Berkeley, California 94720 
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TODARO AND BENVENISTE REPLY——We are 
aware of the long-standing discussion in 
the literature concerning the effect of 
generation length of a species on the rate 
of accumulation of base-pair mutations 
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in cellular DNA (refs 1, 2) and amino acid 
substitutions in proteins®*. But, the main 
conclusions of our paper did not depend. 
on knowing the proper corrections . to 
apply, if any, for the lengthened genera- 
tion: times in the higher apes and man as 
compared to the Old World monkeys. 
The conclusions were that (1), nucleic 
acid sequences related to the genome of 
the genetically transmitted baboon type 
C virus can be detected in the cellular 
DNA of all Old World monkeys and 
apes; (2), the baboon type C virus 
specific sequences can be used to dis- 
criminate between those Old World 
monkeys and apes whose habitat is 
Africa (baboon, mangabey, African green 
monkey, colobus, chimpanzee, gorilla) 
and those whose habitat is Asia (various 
macaques, langurs, gibbon, orangutan); 
(3), the data obtained with human DNA 
closely fit the pattern observed with the 
Asian apes. The suggestion was therefore 
made that most of man’s evolution since 
his divergence from the other apes had 
occurred in Asia rather than in Africa. 
Sarich and Cronin point out that the 
hypothesis that animals with longer 
generation times accumulate fewer muta- 
tions per unit of chronological time as 
suggested by Kohne!, Lovejoy®, and 
others is subject to a direct test. The 
accumulation of nucleotide substitutions 


. along the gibbon lineage, where the 


generation length has changed less, 
compared to Old World monkeys, should 
be more than it is along the human 
lineage where the time of sexual maturity 
and the maximum lifetime potentials 
have markedly increased. Although we 
agree with him that this is experimentally 
testable, the differences would be small. If 
man had a common ancestor with the 
chimpanzee and gorilla as recently as 
4 Myr ago as Sarich has proposed’’, 
then the effect of the recent prolonged 
generation time of ancestral man would 
be even more difficult to detect. We would 
not conclude that the cellular DNA data 
as reported in the manuscript was per- 
formed in a sufficiently rigorous fashion 
to ‘prove’ the lack of effect of a generation 
time. In our initial studies we did not see a 
difference along the two lineages, but 
more refined studies directed specifically 
at that question might reveal small 
differences; such a study is currently in 
progress. 

Our data concerning the relationships 
among the cellular DNA of Old World 
monkeys and apes agree quite well with 
the extensive immunological studies of 
Sarich, Cronin, and others. For example, 
we state that ‘the extent of nucleic acid 
sequence divergence among chimpanzee, 
gorilla, and man is three to four times less 
than that between any of these three 
Homininae and the Old World monkeys’. 
But, there is also a considerable body of 
palaeontological evidence suggesting that 
apes and hominids had differentiated long 
before the time Sarich and associates 


place the chimp-gorilla-man common 
ancestor®*, With methods for dating 
fossils improving, this is now a substantial 
body of data we felt should not be 
ignored. It will be intriguing to see if the 
traditional palaeontological approach can 
be correlated to the data being obtained 
with respect to protein and nucleic acid 
evolution, or whether the discrepancy in 
the two methodologies is as large as 
Sarich suggests. 
E. J. Toparo 
R. BENVENIFTE 
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Complementation of immune 
response genes for (T,G)-A-L 


Two years ago we reported the results 
of experiments which demonstrated 
the in vivo complementation of im- 
mune response genes required for a 
response to (T,G)-A-L (ref. 1). Sub- 
sequent experiments seemed to confirm 
and extend this result’. Unfortunately 
others have been unable to repeat our 
results in as much as they find no 
evidence for complementation in the 
response to (1T,G)-A-L (ref. 3). 
Recently in attempts to repeat our 
original findings with (B10.M x B10.Br) 
F; we also have been unable to do so 
but now find responses to (T,G)—A-L 
similar to those reported by others’. We 
wish, therefore, to express our reserva- 
tions concerning complementation in 
the (BIO.MxXBIO.Br)F;, in the hope 
that further study of this phenomenon 
by ourselves and others will clarify the 
conditions in which genetic comple- 
mentation in the response to (T,G)- 
A-L can occur. 

A. J. Munro 

M. J. Taussic 
Department of Pathology, 
University of Cambridge, 
Tennis Court Road, 
Cambridge, England 
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High explosive analogue 
of the Tunguska Event 


Jones’, observes the existence of an 
important, but little known experi- 
ment. The numerical conclusions 


however are incorrect, using only the 
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data cited in the letter. Using the ratio 
35,000 to 130 as the diameters of 
symmetric explosion phenomena for 
the Tunguska event and the 1966 
experiment cited by Jones, respectively, 


and the relevant scaling law, the 
corresponding equivalent explosive 
source strength for the Tunguska 


event would appear to be of the order 
of 50 x (35,000/130)*, or about 10° t, not 
the 10° t cited. Without accurately com- 
puting all the necessary corrections for 
energy partitioning, actual hydro- 
dynamics, etc., this would provide an 
estimate of source strength about two 
orders of magnitude higher than ref, 3 
cited therein concludes. 

B. W. AUGENSTEIN 
Rand, 
1700 Main Street, 
Santa Monica, 
California 90406 


1 Jones, G. H. S. Nature 267, 605 (1977). 


Jones replies: Augenstein is correct, 
and the calculated values should have 
read 10°kt TNT and 200 Mt nuclear 


equivalent, these being minimum 
estimates. The Tunguska event 
devastated an area 35km in dia- 
meter! It is commented, however, 


that the very low height of burst, 
almost a surface burst at this yield, 
should be retained despite the absence 
of a crater at Tunguska. I have dis- 
cussed elsewhere (Suffield Reports 217 
and 281), experimental evidence that 
high yield but low energy density 
explosions on the surface do not cause 
craters but do produce airblast and 
surface seismic effects similar to those 
from high density explosions. Forest 
blowdown, for example, is insensitive 
to the initial energy density but depends 
upon the total energy release. The 
lack of a crater at Tunguska is thus 


evidence of the low density, pre- 
sumably cometary nature of the 
bolide. 


G. H. S. Jones 
Box 1404 Station B, 
Ottawa, Canada 


B-Globin mRNA in 


Ferrara B°-thalassaemia 
IN their paper on the presence of 
B-mRNA in Ferrara type £°-thalas- 
saemia, Ottolenghi et al.’ stated that 
our laboratory had obtained “similar 
findings” to their’s with material from 
one of their patients. Because of pos- 
sible misinterpretations of that very 
general statement, we present here the 
limited data which we did obtain using 
Ferrara material. 

Professor Conconi kindly provided 
us with ribosomes from one of his 
patients so that we could attempt to 
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Fig. 1 Hybridisation of Ferrara °- 
thalassaemia RNA to human g- and 
B-cDNA. @, a-DNA; A, B-cDNA. 


demonstrate B-globin MRNA, in RNA 
extracted from these ribosomes, by 
fingerprint analysis of  “P-labelled 
cRNA synthesised from cDNA’; 
cDNA was obtained but the cRNA 
synthesis failed. We did, however, use 
a small amount of the starting RNA 
to assay its relative content of a and B 
mRNA by molecular hybridisation to 
human a and £ globin cDNA as pre- 
viously described’. A small amount of 
B or B-like mRNA was detected (Fig. 
1). Unfortunately there was insufficient 
RNA available to obtain a plateau of 
hybridisation with -cDNA but fhe 
slope of the B-cDNA hybridisation 
curve predicts a B-mRNA content in 
the sample of approximately 4% re- 
lative to that of the « mRNA in the 
same sample. Because we lacked suf- 
ficient material to demonstrate a 
plateau or saturation of hybridisation 
of Ferrara B-like mRNA with 
B-cDNA, our results do not help to 
resolve the discrepancy between the 
results of Ottolenghi ef al.’ and those 
of Ramirez et al.*. The latter found 
that the Ferrara B-like mRNA hybri- 
dised incompletely with 8 cDNA (in 
contrast to complete hybridisation 
claimed by Ottolenghi er al.) and sug- 
gested the presence of a substantial 
abnormality in the structure of 
Ferrara B mRNA. 


Our hybridisation results with 
Ferrara thalassaemia mRNA are 
similar to those which we have 


obtained® with total reticulocyte RNA 


from a variety of £#°-thalassaemic 
patients of different ethnic back- 
grounds (Southern Halian, Greek, 


Algerian, Asian and Chinese). In some 
of these patients there is less than 1% 
as much B-like mRNA as a mRNA* 
and this could be due to cross hy- 
bridisation of 6-chain mRNA of HbA: 
to 8 cDNA. In approximately half the 


patients, however’, we have found 
4-15% as much B-like mRNA as 


a mRNA: the latter value is probably 
too high to be accounted for by -chain 
mRNA alone. Other workers have 
found substantially more B-like mRNA 


in non-Ferrara f° thalassaemic reti- 
culocytes*’. We were unable to iden- 
tify, by fingerprint analysis of I- 
labelled mRNA, -chain specific oligo- 
nucleotides in RNA from two of our 
patients with low levels of B-like 
mRNA detected by hybridisation’. 
But, Temple er alf have been success- 
ful in detecting -chain specific 
mRNA sequences in one of their 
patients with 8°-thalassaemia. 

We suggest that until specific struc- 
tural differences in the 8-globin gene 
of f°-thalassaemics are detected by 
gene mapping or nucleotide sequence 
studies, one cannot make any defini- 
tive conclusions as to the precise 
molecular basis of the varied forms of 
B’-thalassaemia. The -globin genes 
seem to be present in all cases of B°- 
thalassaemia in which they have been 
sought (refs 4, 7-9 and Tuan, 
D.G.H. and B.G.F., unpublished). 
The different results obtained by hy- 
bridisation assays of globin mRNA 
need to be related to specific structural 
defects in the f-globin gene DNA 
before one can feel confident about 
classifying the £°-thalassaemias found 
in different populations into specific 
molecular subtypes. 


BERNARD G. FORGET 


Department of Medicine, 
Yale University School of Medicine, 
New Haven, Connecticut 06510 


Diane G. HILLMAN 
Division of Hematology-Oncology, 
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OTTOLENGHI ET AL. REPLY—Forget and 
Hillman conclude that the different 
results obtained by hybridisation assay 
of globin mRNA by various groups’” 
do not yet allow the classification of 
B’-thalassaemia found in different 
populations into specific molecular 
subtypes; this conclusion is based on 
the wide range of values reported for 
B-globin-like RNA in non-Ferrara B°- 
thalassaemic patients, and the over- 
lapping of some of these values with 
those determined by ourselves’ and by 
Forget and Hillman in Ferrara $°- 
patients. As has been pointed out by 
Benz®’, however, discrepancies in the 
level of B-like sequences found in $°- 
thalassaemias may arise as the result 
of technical differences between 
laboratories. 

In our laboratory we have compared 
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several different groups of patients. 
B-like mRNA has been either un- 
detectable in non-Ferrara £°-thalas- 
saemia reticulocytes? or present at 
levels of less than 1% relative to a- 
sequences (a value that is compatible 
with cross - hybridisation between 
cDNA, and mRNA, sequences), 
whereas in reticulocytes of Ferrara 8°- 
thalassaemics levels of up to 8% can 
be detected. Moreover, when sufficient 
RNA has been available, the Tm of 
the hybrid formed between the low 
amounts of ‘B-like RNA’ from non- 
Ferrara £°-thalassaemics (? 6-mRNA) 
and cDNA, has been 7-8 °C lower 
than that found for true B-mRNA- 
cDNA hybrids*, again in significant 
contrast with what we find in Ferrara 
thalassaemia. 

We, therefore, conclude that our 
results (refs 5, 9 and unpublished) 
taken together with the translational 
data of Conconi’s group’’" allow us 
to divide B°-thalassaemia into at least 
two different types, a B-mRNA nega- 
tive type and a B-mRNA positive type; 
whether other forms of  °-thalas- 
saemia in which significant levels of 
B-mRNA_ have been demonstrated 
have any relationship with the Ferrara 
type of thalassaemia remains to be 
investigated, and we agree-will require 
translational experiments, as well as 
gene mapping and nucleotide sequence 
studies. 
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Introducing relativity 








Essential Relativity: Special, General 
and Cosmological. Second edition. By 
W. Rindler. Pp. xv+284. (Springer : 
New York and Berlin, 1977.) DM67.70; 


«$29.80. 


~ 





AFTER eight years [ still find Rindler’s 
book one of the best introductions to 
the theory of relativity, and 1 was eager 
to read his second edition. The title 
Essential Relativity is an apt one, for 
even though this edition contains some 
new material, only the bare essentials 
of the subject are discussed. This is not 
a drawback, because Rindler manages 
somehow to get very far with very little 
investment in detailed calculation or 
protracted conceptual deliberation. In 
this respect it makes ideal introductory 
reading for students of physics, al- 
though mathematics students will not 
find much in the way of modern differ- 
ential geometry or topology. 

In the preface to the second edition 
the author explains how the emphasis 
of the book is on the conceptual foun- 
dations rather than the mathematical 
development of relativity theory. Proofs 
are kept to a minimum and many ex- 
amples and mathematically-oriented 
discussion are only punctuated by, 
rather than rooted in, hard equations. 
Nevertheless, the reader is taken 
swiftly and effortlessly (maybe some- 
what deceptively) through pre-Einstein 
ideas of space and time, basic special 
relativity, Minkowski space and four- 
vectors, tensors, particle mechanics 
and electrodynamics. Then we move 
into general relativity, which starts out 
with the most ‘conceptual’ section of 
the book, in which the idea of curved 
space-time is explained in just a few 
pages. The Schwarzschild metric just 
seems to pop out from this discussion, 
to be followed by an updated descrip- 
tion of black holes and the Kuskal 
manifold. 

When I re-read the section on uni- 
formly accelerated observers in Min- 
kowski space, I was disappointed to 
find that the author, whose name is 
famous for his connection with the co- 
ordinatisation of Minkowski space 
based on a collection of accelerating 
observers, had not chosen to expand 
more on this very useful construction. 
I have found the ideas of uniform 
acceleration both useful and elegant 
exercises for undergraduates, as well as 


a very profitable analogy for the more 
advanced discussions of black holes. 

The book concludes with a section on 
cosmology, and once again I was in- 
terested to see if Rindler’s discussion 
of horizons had been elaborated. The 
earlier edition was one of the first 
undergraduate textbooks of its time to 
try and present this subject conceptu- 
ally. The new edition contains the 
familiar remarks about crawling bugs 
and rubber sheets, as well as the usual 
mathematical conditions for horizons, 
but also includes some new material 
and diagrams to help untangle some 
of the apparent paradoxes associated 
with them. 





Immunological series 


Comprehensive Immunology. Vol. 1: 
Immunology and Aging. Edited by T. 
Makinodan and E. Yunis. Pp. 208. Vol. 
2: Biological Amplification Systems in 
Immunology. Edited by N. K. Day and 
R. A. Good. Pp. 325. (Plenum: New 
York and London, 1977.) $27 each 
volume. 





THE new series Comprehensive Im- 
munology is intended eventually to 
cover all aspects of immunology with 
“definitive analyses, thoughtful reviews 
and probing discussions”. There already 
exist several good series on immuno- 
logical subjects and the launching of 
another cannot be greeted with un- 
mixed joy. These first two volumes, 
however, are well produced and have 
some valuable features. If their 
standard can be maintained, the series 
should prove useful. 

The appearance of Immunology and 
Aging is timely, since no comprehensive 
review has been available and increas- 
ing interest is being shown in the field. 
It is also a good moment to look back 
over the large amount of data that 
have accumulated on ageing in relation 
to the immune system. We are still far 
from understanding this relationship, 
and it is certainly complex. The thymus 
and T lymphocytes, however, are widely 
believed to be among the central 
characters in the drama, and several 
papers emphasise this from various 
points of view. The known intricacies 
of the membrane structure and physio- 
logical functions of T lymphocytes have 


reviews 


Paul Davies 








Although the organisation of the 
material is largely the same as before, 
many sections have been re-written, in 
the same lucid style. New sections on 
the plane gravitational wave and 
linearised general relativity, as well as 
two appendices on curvature and Max- 
well theory, have been added. I was 
disappointed at the price for a book 
which should be aiming at the ‘mass’ 
student market, to which it is ad- 
mirably suited. How many under- 
graduates will pay nearly £20 for a 
basic course textbook? o 





Paul Davies is Lecturer in Mathematics at 
King’s College, University of London, UK. 








been multiplying so rapidly of late that 
T-dependent interpretations of geronto- 
logical phenomena tend to age rather 
quickly; but this problem should be 
resolved within the next few years. 
Among other good chapters are two 
dealing with germ-free mice and con- 
genitally athymic (nude) mice and their 
value in the study of ageing. Overall, 
the volume can be recommended to 
anyone seeking an introduction to both 
biological and clinical aspects of the 
subject, and the extensive reference 
lists make it an excellent source book. 

I tried the title Biological Amplifica- 
tion Systems in Immunology on several 
immunological colleagues, inviting 
speculation on the contents of this 
volume. They produced a range of 
suggestions, none of which approxi- 
mated to the truth. I] can now reveal 
exclusively to readers of Nature that 
the book is about complement. Pro- 
bably an expert on complement would 
have tumbled to it instantly, but then 
I don’t think that the book is really 
intended for him. The 15 chapters 
cover the multiple roles of the com- 
plement system, as well as its bio- 
synthesis, phylogeny, ontogeny and 
genetics. There are also discussions of 
leukocyte chemotaxis and of pathways 
activated by Hageman Factor. It seems 
a pity that this useful collection of 
reviews should be hidden under such 
an enigmatic title. H. S. Micklem 





H. S. Micklem is Reader in Zoology at 
the University of Edinburgh, UK. 
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Unparalleled 
textbook of 
plant anatomy 


Anatomy of Seed Plants. Second 
edition. Pp. 550. By Katherine Esau. 
(Wiley: London and New York, 1977.) 
$21.25; £11.50. 





TWENTY FOUR YEARS AGO, Professor 
Katherine Esau published her first 
book, Plant Anatomy. This book 
rapidly established itself as a standard 
by which all others have subsequently 
been judged. As Professor Esau herself 
points out, however, there was also a 
need for a shorter book for students 
who have relatively limited experience 
in the study of plants. For that reason 
Anatomy of Seed Plants was first pub- 
lished in 1960 and is now seen in its 
second edition. 

Anatomy of Seed Plants still has to 
be viewed against the broader, and 
deeper, backcloth set by Plant Anatomy 
itself, but it remains an attractive, 
informative and authoritative book in 
its own right, even if its price will 
restrict ownership more severely than 
one might hope. An important feature 
of this second edition is that it incorpo- 
rates very significant changes and is 
very much more than a new edition in 
name alone. 

An immediately apparent change 1s 
in the page format which is now 
enlarged to 23.3cm x 18.9cm from 
the previous 22.8cm xX 14.9cm—a 
30% increase in area. This, together 
with the fact that the book is extended 
from 376 to 550 pages, has allowed 
incorporation of much new material, 
although the larger page size has often 
been wasted where micrographs and 
diagrams from the first edition have 
been reproduced at the same size. The 
pleasant format, together with two- 
column presentation, a clearly legible 
type-face and a balanced distribution of 
text and illustrations, has led to the 
production of a book that demands to 
be read. 

Having attracted the reader’s atten- 
tion, what is to be found inside? A 
major, and immediately obvious feature 
is the inclusion of numerous electron 
micrographs. There were only a couple 
in the first edition, but the present book 
is liberally laced with them and they 
are, as are most of the other illustra- 
tions chosen, of good quality. If any- 
thing, the half-tones in the present 
volume are of better contrast than those 
in the original. 

Professor Esau’s attention to detail 
is prodigious and only the closest 
scrutiny of the book reveals many of 
the smaller changes that have been 


made to take account of advances in 
knowledge or interpretation over the 
past 16 years. (The abbreviation for 
micrometre is now given in its proper 
form (um) but it is a pity that the 
Angstrém lingers on.) The enormous 
task of encompassing new information 
without completely losing sight of the 
old has largely been achieved by com- 
bining subject matter as much as 
possible, and by referring only to key 
items of interest within a particular 
area of study. Similarly, the references, 
though | strictly limited, serve to 
acquaint the reader with the most 
recent work and generally include at 
least one paper from each main lab- 
oratory contributing to a specific field 
of interest. In this way, Anatomy of 
Seed Plants is able to cover a large 
subject area while allowing the reader 


Nature Vol. 269 22 September 1977 


the opportunity to find his way more 
deeply into plant anatomy if he so 
desires. 

Anatomy of Seed Plants is un- 
ashamedly a textbook of anatomy. As 
such it is unparallelied. Although the 
modern trend is, and must be, to 
combine structure and function in our 
approach to the way plants work, this 
can only be accomplished if our basic 
knowledge of plant anatomy is both 
broad and sound. Professor Esau has 
ensured that no  botanist—-whether 
student or research worker—will have 
the excuse that the right information 
is not readily, and attractively, to hand. 

A. W. Robards 





A. W. Robards is Senior Lecturer in the 
Department of Biology at the University 
of York, UK. 








Diatom 
biology 


Biology of Diatoms. Edited by Dietrich 
Werner. Pp. 498. (Blackwell Scientific: 
Oxford, 1977.) £17. 


Few algal groups have seen such an 
expansion of interest over the past two 
decades as the diatoms, and this 
volume admirably covers the recent 
developments. It may come as a sur- 
prise to many to read on the first page 
that it is estimated that diatoms con- 
tribute 20-25% of the world’s net 
primary production—a figure derived 
from experimental studies which almost 
certainly underestimate true produc- 
tion. Such production at the base of so 
many food chains ought to stimulate 
work on grazing, yet this is hardly be- 
gun and is mentioned on only a few 
pages. 

Although the title might imply that 
this book can be read to obtain an over- 
all survey of the diatoms, this is not so, 
and a student with little knowledge 
of the group would find it difficult. 
There is no section on morphology, no 
simple explanation of cell division, few 
illustrations of the major groups; and 
those given are of centric genera leav- 
ing a student to guess at pennate mor- 
phology. 

Growth, nutrition, chemical compo- 
sition, movement, sexuality, ecology are 
all discussed; in these chapters, each 
written by a different author, there is 
a wealth of data and excellent refer- 
ences. The authors of the chapter on 
the ecology of marine planktonic dia- 
toms have assembled a mass of fascin- 
ating data on distribution in the seas 
of the world which is a valuable 
contribution to the much neglected 
topic of biogeography. 

In many places, however, the text is 
clearly written in review form and 


many statements merely stimulate and 
necessitate consultation of the original 
papers. The chapter on sexuality will 
be of great value to many students since 
much of the excellent original work is 
very discursive and written in German. 

A chapter on ultrastructure reviews 
the literature but is very poorly illus- 
trated with three very indistinct pic- 
tures, all of Cylindrotheca which has 
an unusual morphology. This is a pity 
since there are now several excellent 
studies of diatom ultrastructure. Also, 
apart from a few photographs of cen- 
tric diatoms, the considerable body of 
information on the ultrastructure of 
the siliceous components has not been 
utilised. The old concept of diatoms 
as a class of the Chrysophyta again 
crops up in some chapters although 
they were clearly recognised as a divi- 
sion, Bacillariophyta, in the system of 
Hustedt (1930) and are so distinctive 
that there can be surely little argument 
about this in 1977. 

Biochemical and physiological studies 
have blossomed in the past two decades, 
and the information in the chapters on 
growth, silicate metabolism, photosyn- 
thesis, heterotrophic nutrition and bio- 
chemical composition will surprise 
many who have not followed the field 
closely. The chapter on silicate meta- 
bolism is of great value, since it is a 
synthesis of chemical and biological 
studies and provides a valuable intro- 
duction to the complexities of silicon 
chemistry. 

The combination of authors has re- 
sulted in some repetition of data in 
several chapters but not in any serious 
way. The book is well produced, rela- 
tively free of errors and will be a 
source of considerable value for many 


years to come. 
F. E. Round 
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F. E. Round is Reader in Phycology at the 
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Physiological 
behaviour of cells 


Analytical Physiology of Cells and 
Developing Organisms. By B. C. Good- 
win. Pp. 249. (Academic: London and 
New York, 1977.) £8.50; $18.50. 


THE aim of this book is to present a 
picture of the physiological behaviour 
of cells in terms of molecular biology 
and mathematical models. As the 
author acknowledges, the choice of 
material is not comprehensive and 
reflects his own interests and prejudices. 
In the first. three chapters, Goodwin 
éxamines aspects of the behaviour of 
individual. cells. The metabolic net- 
work, the adaptation time of which 
is of the order of seconds, is considered 
in terms of allosteric enzymes and end- 
product inhibition. This network is con- 
trasted with the epigenetic one with 
longer adaptation times (minutes to 
hours) and in which gene activation and 
protein synthesis are now major 
elements. The occurrence of feedback 
loops in both kinds of systems can lead 
to complex dynamics such as oscilla- 
tions. Analogies with statistical thermo- 
dynamics are drawn; and this rather 
formal analysis is extended to the cell 
cycle. 


In considering the various internal 
networks involved, the important point 
is made that there may be no single 
reaction controlling the entry of a cell 
into the cell cycle: emphasis should be 
placed instead on a mixture of pro- 
babilistic and deterministic processes. 
The treatment of the cell cycle is, how- 
ever, unsatisfactory since it provides 
an inadequate review of current ideas 
and experiments. For example, although 
mechanisms based on chalones which 
are inhibitory are considered, there is 
little reference to molecules exerting 
a positive control, for which there is 
increasing evidence. A nice chapter on 


biological clocks follows, with an 
explanation of Winfree’s ingenious 
approach to the eclosion clocks in 


Drosophila. Here, mathematical analysis 
leads to experiments that could not 
really be conceived of without that 
analysis. Unfortunately, most of the 
other analyses in the book do not seem 
to have a similar experimental spin-off. 

Pattern formation and its relation to 
gradients and positional information is 
given quite detailed attention. Emphasis 
is placed on periodic processes and a 
membrane wave model is put forward. 
A formal model to account for the 
properties of the polar coordinate 
model of French, Bryant and Bryant is 
proposed, Goodwin believes in the next 
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few years we will see the emergence of 
new dynamical models in which waves 
and periodicities will feature very 
strongly. He recognises that gradient- 
type models of positional information 
shift the major problem of pattern 
formation into the area of how the 
gradients are interpreted by the cells 
in terms of gene activity, but gives this 
central theoretical problem inadequate 
attention. 

In the final chapter, he treats. the 
organism as a cognitive and cooperative 
system. He treats the cell as if it had 
knowledge about the world which is 
contained in its control circuits. He also 
wishes to regard sharp transitions of 
state at different levels of organisation 
as being basically similar and analogous 
to phase transitions. 

Goodwin is always worth reading for 
his independence and insights, but 
overall this book is disappointing. The 
mathematics seems to add rather little 
and too seldom leads to experiments. 
The approach is not didactic or com- 
prehensive. For theoreicians, however, 
it is essential. 


Lewis Wolpert 


Lewis Wolpert is Professor of Biology as 
Applied to Medicine at the Middlesex 
Hospital Medical School, London, UK. 





Quantum 

theory 

Qualitative Methods in Quantum 
Theory. By A. B. Migdal. Pp. 435. 
(W. A. Benjamin: Reading, Massa- 


chusetts and London, 1977.) $21.50. 


“THe solution of most problems in 


theoretical physics begins with the 
application of the qualitative methods 
which constitute the most attractive 
and beautiful characteristic of this 
discipline. By ‘qualitative methods’ we 
mean dimensional estimates and esti- 
mates made by using simple models, 
the investigation of limiting cases 
where one can exploit the smallness of 
some parameter, the use of the ana- 
lytic properties of physical quantities, 
and finally the derivation of conse- 
quences from the symmetry properties, 
that is, the invariance relative to 
various transformations (eg Lorentz or 
isotopic invariance). However, as ex- 
perience in the classroom shows, it is 
-just these aspects of theoretical 
physics which are most difficult for the 
beginner.” So Academician Migdal 
introduces the new edition of his book, 
the first three chapters of which were 
published in much the same form as 


in Approximation Methods in Quan- 


tum Mechanics (Izdatelstvo Nauka, 
1966; English translation, W. A. 
Benjamin, 1969). 


Migdal is a leading exponent of the 
Landau school of theoretical physics, 
the members of which have been 
brought up to know all nine volumes of 
Landau and Lifshitz. So in this book 
we have examples from a wide range 
of subjects. The first chapter covers 
mainly models in atomic physics. 
Chapter two is on perturbation theory, 
and chapter three is on the WKB 
method and the quasi-classical approxi- 
mation, a subject which is not nor- 
mally given much space in textbooks. 
Chapter four is on analyticity and dis- 
persion relations. Chapter five is on 
quasi-particle methods in the many- 
body problem, with applications to 
quantum fluids and nuclear matter. 
Chapter six gives a qualitative physical 
treatment of renormalisation, and a 
discussion of the Gell-Mann—Low 
equation and asymptotic freedom. 

This book should be required read- 
ing for any serious graduate student in 
theoretical physics. 

Norman Dombey 


Norman Dombey is Reader in Theoretical 
Physics at the University of Sussex, UK. 
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Renaissance 
in laser 
spectroscopy 


Frontiers in Laser Spectroscopy. (Les 
Houches 1975 Session XXVII) Vol. 1. 
Pp. 472. Vol. 2. Pp, 473-907. Edited by 
Roger Balian, Serge Haroche and 
Sylvain Liberman. (North-Holland: 
Amsterdam, New York and Oxford, 
1977.) Df. 280; $114.50. 





THESE two volumes present the pro- 
ceedings of the Les Houches Theoreti- 
cal Physics Summer School held in 
July 1975 on the use of lasers in atomic 
and molecular spectroscopy. The 
stated aim of the school was to “give a 
general presentation of the theoretical 
background necessary to understand 
light-matter interaction problems, and 
to present a review of the various new 
methods in which lasers are now being 
used to improve our knowledge about 
atoms, molecules and even about 
nuclei.” Underlying these new methods 
are the recent exploitation of tunabi- 
lity, of saturation and of coherent 
transients which have contributed so 
much of late to the renaissance in 
spectroscopy. The level of presentation 
of the proceedings tends to assume pre- 
vious knowledge at about first-year 
graduate student level of quantum op- 
tics and quantum electronics, and the 
scope of the discussion is very wide 
with most of the actively-pursued 
topics in the field at least mentioned. 

Cohen-Tannoudji presents a mar- 
ginally telegraphic overview of the 
basic phenomena involved in the inter- 
action of atoms with strong resonant 
fields, and his thoughtful lectures con- 
tain many insights into fundamental 
problems involving the non-linear 
saturation of fluorescent emission. This 
is followed in Volume 1 by lectures on 
laser theory (Sargent); transient and 
steady-state response of two- and three- 
level systems, including a very useful 
discussion of the semiclassical theory 
of superradiance (Feld); the theory and 
observation by stark-switching of op- 
tical nutation, free-induction decay, 
photon echoes and two-photon transi- 
tions (Brewer); and single-atom and co- 
operative quantum beats (Stenholm). 
These lectures form a coherent and 
well-presented review of a physically 
well-defined area. 

In Volume 2, this coherence is lost 
to a certain extent by an attempt to 
cover a very wide range of techniques 
and specific applications. The use of 
lasers in very high resolution spectro- 
scopy of molecules is discussed by 
Lehmann, Oka, Kelley and Javan. 
Letokhov discusses the coupling be- 


tween electronic and nuclear degrees of 
freedom in laser-driven transitions and 
the so-far purely theoretical subject of 
“laser-nuclear spectroscopy.” 

Finally, one of the topics which en- 
sures adequate funding, namely isotope 
separation, is admirably discussed by 
Letokhov. Also included in these 
volumes are short seminars by Series, 
Walther, Cagnac, Haroche, Liberman, 
Toschek, Mukamel and Monchalin, 
which are useful as illustrations of par- 
ticular research problems, although a 
few should have been (and some have 
been) published in the primary litera- 
ture. 

Some of these lectures are rather ex- 
perimental in tone; these though no 
less valuable, do not quite fit the label 
of “Ecole d’Eté de Physique Theo- 
rique.” Indeed, an interesting feature 
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of this field is the ability of the best 
practitioners (some of them contribut- 
ing to these volumes) to cross the ex- 
perimental-theoretical divide to the 
great benefit of both sides. Since there 
were only 42 “pupils” attending the 
school, one would hope that the pub- 
lication of the proceedings would give 
a wider circulation to these valuable 
lectures. The price of these volumes 
seems designed to ensure that this will 
not be so. I doubt the value of such 
lavish publication of conference and 
Summer school proceedings in hard- 
back textbook format, with its concom- 
itant delay and inflated cost. 

Peter Knight 





Peter Knight is Jubilee Research Fellow 
in Physics at Royal Holloway College, 
University of London, UK. 





Explosion in 
myelin research 


Myelin. Edited by P. Morell. Pp. xxii+ 
531. (Plenum: New York and London, 
1977). $47.40. 





Durina the past decade there has been 
an explosive increase in research on 
myelin. Now with the publication of a 
major book on the subject, it is 
possible to see why. Myelin is one of 
the most abundant of biological mem- 
branes constituting about 50% of the 
dry weight of the white matter, from 
which relatively pure fractions can be 
easily isolated by centrifugation. Such 
procedures are described in the book 
together with tabulated data of lipid 
and protein analysis of myelin fractions 
of central and peripheral nerve. Ex- 
tensive biophysical data (for example, 
X-ray and neutron diffraction) has 
been correlated with the chemistry and 
the ingenious use of probe analysis. As 
a result, we probably know more about 
the molecular architecture of myelin 
than many other biological membranes. 

The first chapter contains a great 
deal of impressive and well illustrated 
information on the morphology of the 
myelin-formative glial or Schwann 
cells. Although little is known about 
the mechanisms controlling the transi- 
tion stage between glial plasma mem- 
brane and the fully mature compact 
myelin lamellae, the glial cell must, 
during the period of myelination, have 
a remarkable synthetic activity, for 
it seems to be capable of making three 
times its weight of myelin per day. 
The myelinating brain therefore pro- 
vides a unique system for studying 
membrane biosynthesis. Some of the 
relevant precursor—product labelling 


studies and the so far equivocal at- 
tempts at isolation of intermediary 
‘myelin-like’ fractions from developing 
brain are critically discussed by differ- 
ent contributors, 

Study of the biology of myelin is, 
however, of more than academic in- 
terest for in “several neurological 
diseases there is damage to the white 
matter with accompanying loss of 
myelin. In the otherwise excellent chap- 
ters on neuropathology and neurology 
of myelin diseases more space could 
have usefully been devoted to multiple 
sclerosis, since this is one of the com- 
monest neurological diseases. 

Other chapters cover chemical path- 
ology, experimental pathology and 
animal models of genetic myelin dis- 
order. One of the most important 
features of myelin pathology relates to 
the pronounced immunological re- 
sponse to the protein antigens and 
lipid thaptens (for example, cerebro- 
side). This subject is especially relevant 
following the recent discovery of a 
relaxing and remitting form of experi- 
mental allergic encephalitis. 

It will be evident that the whole 
intriguing subject of the biology of 
myelin is well covered in this book and 
it can be recommended as a readable 
and authoritative account of the 
subject. 

Although the book is on a specialist 
subject it can be recommended to the 
general reader who might thereby be 
encouraged to utilise some of the basic 
concepts and discoveries on myelin in 
other fields of biology. 

A. N. Davison 





A. N. Davison is Professor of Neuro- 
chemistry at the Institute of Neurology 
and Head of the Department of Neuro- 
chemistry and Chemical Pathology, 
National Hospitals for Nervous Diseases, 
London, UK. 
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Recent scientific and technical books 


Mathematics 


ALCOCK, Donald. Illustrating Basic: (A Simple Programming Language). 
Pp.ix + 134. ISBN-0-521-21703-2. (Cambridge, London and New York: Cambridge 
University Press, 1977.) Hard cover £4.95; Limp cover £1.90. 

CAMERON, Peter J. (edited by). Combinatorial Surveys: Proceedings of the 
Sixth British Combinatorial Conference, Merton College, Oxford, England. 
Pp.vii+ 226. ISBN-0-12-157150-5. (London and New York: Academic Press, a 
Subsidiary of Harcourt Brace Jovanovich, Publishers, 1977.) £7; $13.65. 

JACOBSON, David H. Extensions of Linear-Quadratic Control, Optimization 

sand Matrix Theory. (Mathematics in Science and Engineering: a Series of Mono- 
graphs and Textbooks, Vol. 133.) Pp.x +217. ISBN-0-12-378750-5. (London and 
New York: Academic Press,'a Subsidiary of Harcourt Brace Jovanovich, Publishers, 
1977.) £6.50; £12,75. 

LAKSHMIKANTHAM, V. (edited by). Nonlinear Systems and Applications: 
An International Conference. Pp.xvi+-700, ISBN-0-12-434150-0. (New York and 
London: Academic Press, a Subsidiary of Harcourt Brace Jovanovich, Publishers, 
1977.) $25; £17.75, 

NAGATA, Masayoshi. Field Theory: (Pure and Applied Mathematics: A 
Program of Monographs, Textbooks, and Lecture Notes: Vol. 40). Pp.vii +268. 
ISBN-0-8247-6466-8 (New York and Basel: Marcel Dekker; 1977) SFr.78. 

PORTER, Richard D. Latro duction to Fibre Bundles (Lecture Notes in Pure and 
Applied Mathematics, Vol. 31). Pp.v+ 170. ISBN-0-8247-6626-1, (New York and 
Basel: Marcel Dekker, Inc., 1977.). SFr.65. 


Astronomy 


COLLOQUE DE L’UNION ASTRONOMIQUE INTERNATIONALE. No. 37: 
Décalages vers le Rouge et Expansion de l'Univers, Paris, 6-7 Septembre 1976, et 
Collogie International du Centre Nationa! de la Recherche Scientifique, No. 263: 
PEvolution des Galaxies et ses Implications Cosmologiques, Paris, 8-9 Septembre 
1976. Pp.619. ISBN-2-222-02022-0. (Paris: Editions du Centre National de la 
Recherche Scientifique, 1977.) 180 francs. 

HOYLE, Fred. Ten Faces of the Universe. Pp.ix-j-207, ISBN-0-435-54427-6. 
(London: Heinemann Educational Books, Ltd., 1977.) £4.80 net. 

MOORE, Patrick, and COLLINS, Pete. The Astronomy of Southern Africa. 
Pp.160. ISBN-0-7091-6-76-X, (London: Robert Hale Limited; 1977). £4.95. 

~PPACHOLCZYK, A. G. Radio Galaxies: Radiation Transfer, Dynamics, Stability 
and Evolution of a Synchroton Plasmon. (International Series in Natural Philosophy, 
Vo. 89.) Pp.xi+ 293. ISBN-0-08-021031-7. (Oxford and New York: Pergamon 
Press, 1977.) £13.95, 

WARNER, Lionel. Astronomy for the Southern Hemisphere: a Practical Guide 
to the Night Sky. Pp.xiii +- 159 (67 plates). ISBN-0-589-00864-1. (Wellington, Sydney 
and London: A. H. and A. W. Reed, Ltd., 1975. U.K. Agents: Bailey Bros. and 
Swinfen, Ltd., Warner House, Folkestone, Kent.) £10.85. 

WEINBERG, Steven. The First Three Minutes: a Modern View of the Origin, 
Tien pniverse; Pp.x + 188, ISBN-0-233-96906-3. (London: Andre Deutsch, Ltd. 


Physics 

COOK, A. H. Celestial Masers. (Cambridge Monographs on Physics.) Pp.viii +135. 
ISBN-0-521-21344-4, (Cambridge, London and New York: Cambridge University 
Press, 1977.) £7.50. 

MARION, Jerry B. Essential Physics in the World Around Us. Pp.vii +444. ISBN- 
0-471-56905-4. (New York and London: John Wiley and Sons, 1977.) $16.75; £9.95. 

MENDELSSOHN, K. The Quest for Absolue Zero: The Meaning of Low 
Temperature Physics, Second edition with S. I. Units. Pp.281. ISBN-0-85066-119-6. 
(London: Taylor and Francis, Ltd., 1977.) £5. 

PROCEEDINGS of the International Symposium on Plasma Wall Interaction, 
Jülich (FRG), 18-22 October 1976. (Institut fiir Plasmaphysik, Kernforschungsanlage 
Jülich G.m.b.H., Association EURATOM—KFA.) Pp.xiv+-750. ISBN-0-08- 
021989-6. (Oxford and New York: Pergamon Press, 1977. Published for the Com- 
mission of the European Communities.) np. 


Chemistry 


ASHWORTH, M. R. F. The Determination of Sulphur-Containing Groups. 
Vol. 3: Analytical Methods for Sulphides and Disulphides. (The Analysis of Organic 
Materials: An International Series of Monographs.) Pp.xi + 220. ISBN-0-12-065003- 
7, (London and New York: Academic Press, a Subsidiary of Harcourt Brace 
Jovanovich, Publishers, 1977.) £11; $21.50, 

ASQUITH, R. S. (edited by), Chemistry of Natural Protein Fibers. Pp.xx +417. 
ISBN-0-471-99518-5. (London and New York: John Wiley and Sons, 1977.) £20; 
$38. 

BOND, G. C., WELLS, P. B., and TOMKINS, F. C. (edited by). Proceedings 
ofthe Sixth International Congress on Catalysis, Imperial College, London, 12-16 
July, 1976. Vol. 1: Pp.xv+1-610+xiii. Vol. 2: Pp.xi+611-1133+ xiii, ISBN-0- 
85186-188-1. (London: The Chemical Society, 1977.) £35; $70, 

CAZES, Jack (edited by). Liquid Chromatography of Polymers and Related 
Materials. (Chromatographic Science: a Series of Monographs, Vol, 8.) Pp.viii + 189. 
ISBN-0-8247-6592-3, (New York and Basel: Marcel Dekker, Inc., 1977.) SFrs.65. 

ELKS, J. (edited by). Recent Advances in the Chemistry of B-Lactam Antibiotics. 
(The Proceedings of an International Symposium arranged by the Fine Chemicals 
and Medicinals Group of the Industrial Division of The Chemical Society, Cam- 
bridge, England, 28-30 June, 1976, Special Publication, No. 28.) Pp.vi +313. ISBN- 
0-85186-198-9. (London: The Chemical Society, 1977.) £14.50; $29. 

GILBERT, A. (symposium editor). Photochemistry—6. (Plenary lectures pre- 
sented at the Sixth International Symposium on Photochemistry, Aix-en-Provence, 
France, 19-23 July, 1976.) (international Union of Pure and Applied Chemistry 
{Organic Chemistry Division), in conjunction with Centre National de la Recherche 
Scientifique, Délégation Générale à la Recherche Scientifique et Technique, and 
National Science Foundation.) Pp.223-398. ISBN-0-08-021201-8. (Oxford and New 
York: Pergamon Press, 1977.) £18. 

GILL, JOB. (conference editor), Non-Aqueous Solutions—5. (Plenary and Section 
lectures presented at the Fifth International Conference on Non-Aqueous Solutions, 
Leeds, England, 5-9 July, 1976.) (International Union of Pure and Applied 
Chemistry in conjunction with The Chemical Society (London), (Dalton and 
Faraday Divisions). Pp.124. ISBN-0-08-02 1202-6. (Oxford and New York: Pergamon 
Press, 1977.) £13. 

HO, Tse-Lok. Hard and Soft Acids and Bases Principle in Organic Chemistry. 
Pp.xii +209. ISBN-0-12-350050-8. (New York and London: Academic Press, a 
Subsidiary of Harcourt Brace Jovanovich, Publishers, 1977.) $19.50; £13.85. 

IRVING, H.M. N. H. Dithizone. (Analytical Sciences Monographs.) Pp.iv + 106. 
ISBN-0-85186=787-1, (London: The Chemical Society, 1977.) £7.25; $14.50. 

MAY. R. W., PEARSON, E. F., and SCOTHERN, D. Pyrolysis—Gas Chroma- 
tography. (Analytical Sciences Monographs.) Pp.vii+ 109. ISBN-0-85186-767-7. 
(London: The Chemical Society, 1977.) £7.20; $14.40. 

McFARLANE, N. R. Herbicides and Fungicides: Factors Effecting Their Activity. 
(The Proceedings of a Symposium arranged jointly by the Fine Chemicals and 
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Medicinals Group of the Industrial Division, The Chemical Society, and the 
Pesticides Group of the Society of Chemical Industry, Bangor, Wales, 15-17 
September, 1976.) Pp.xi+ 141. ISBN-0-85186-178-4. (London: The Chemical 
Society, 1977.) £7.50; $15. 

_McKILLOP, A. (senior reporter). Aliphatic Chemistry, Vol. 5. (A Review of the 
Literature published during 1975. A Specialist Periodical Report.) Pp.xi+337. 
ISBN-0-85186-602-6. (London: The Chemical Society, 1977. Obtainable from The 
Chemical Society, Blackhorse Road, Letchworth, Herts.; American Chemical! 
Society, 1155 Sixteenth Street, N.W., Washington, DC.) £23; $47, 

MITCHELL, John, and SMITH, Donald Milton. Aquametry. Part 1: A Treatise 
on Methods for the Determination of Water, Second edition. (Chemical Analysis: 
a Series of Monographs on Analytical Chemistry and Its Applications, Vol. 5.) 
Pp.xi +632. ISBN-0-471-02264-0 (v. 1). New York and London: Wiley-Interscience, 
John Wiley and Sons, 1977.) $38; £22.45. 

PENCZEK, S. (symposium editor). Polymerization of Heterocycles (Ring 
Opening). (Main lectures presented at the International Symposium on Polymeriza- 
tion of Heterocycles (Ring Opening), Warsaw-Jablonna, Poland, 23-25 June 1975.) 
(international Union of Pure and Applied Chemistry (Macromolecular Division), 
in conjunction with Polish Academy of Sciences (Centre of Molecular and Macro- 
molecular Studies, Lodz), and Centre National de la recherche Scietntifique (Centre 
de Recherches sur les Macromolecules, Strasbourg.)) Pp.247-371. ISBN-0-08- 
021367-7. (Oxford and New York: Pergamon Press, 1977.) £10, 

SPEAKMAN, J. Clare. Molecular Structure: Its Study by Crystal Diffraction. 
(The Chemical Society Monographs for Teachers, No. 30.) Pp.iii+53. ISBN-0- 
85186-689-1. (London: The Chemical Society, 1977. Distributed by The Chemical 
Society Publications, Blackhorse Road, Letchworth, Herts.) £1.20; $2.40. 

WOLFRAM, E. (conference editor). Colloid and Surface Science. (Plenary and 
Main lectures presented at the International Conference on Colloid and Surface 
Science, Budapest, Hungary, 15-20 September 1975. International Union of Pure and 
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announcements 





On the Move 


Dr E. B. Carstens, Department of 
Microbiology, Centre Hospitalier Uni- 
versitaire, Sherbrooke, Canada, to 
Institute of Genetics, University of 
Cologne, Germany. 





Details of changes of department, sabbati- 
cals, where leave will be taken and so on 
should be sent to On the Move; there is no 
charge for this service. 





Appointments 


Dr E. H. Francis, to the Chair of Earth 
Sciences, University of Leeds, from 
1 October 1977. 

Professor H. Charnock, Director of the 
Institute of Oceanographic Sciences, to 
the Chair of Physical Oceanography, 
University of Southampton, from 1 
February 1978. 

Dr P. Crutzen, to Director of the 
Atmospheric Quality Division of the 
National Center for Atmospheric Re- 
search (NCAR). 

Professor R. N. Pryor, to President- 
Elect of the Institution of Mining and 
Metallurgy from 20 June 1978. 


Awards 

Dr G. N. Hounsfield has been awarded 
the Royal Society Mullard Award for 
1977 (£1,000) in recognition of his con- 
ception and development of the EMI- 


Scanner, a computerised three- 
dimensional X-ray system. 
Two Technology Writers’ Awards, 


sponsored by ITT Business Systems 
under the auspices of British science 
writers, will be awarded for work pub- 
lished between 1 January and 31 
December 1977, One will be for work 
published in professional periodicals, 
trade and technical magazines, or 
national and regional newspapers, the 
other for material broadcast on radio 
or television. Both prizes will be £1,000 
cash and £500 for travel or equipment. 
All entries are by submission (to J. 
Anstiss, MPR Ltd, 293 Gray’s Inn 
Road, London WCI, UK), and it is 
hoped to announce the winners in 
February 1978. 


Marconi International 
Fellowship 


Nominations, to be received by 15 
October 1977, are invited for the 1978 
Fellowship ($25,000), established in 
1974 to commemmorate Guglielmo 
Marconi’s contributions to scientific 
discovery, engineering and technology. 
The recipient, in recognition of out- 


standing contribution in these fields, is 
invited to give a public lecture based on 
the work during the 12 months follow- 
ing presentation. Address all enquiries 
to The Marconi International Fellow- 
ship Council, Aspen Institute for 
Humanistic Studies, 1919 Fourteenth 
Street, No. 811, Boulder, Colorado 
80302, USA. 


National Academy of Sciences 
Committee on Aerobiology 


A new programme has been outlined 
by a NAS committee to encourage the 
advancement of Aerobiology as a dis- 
crete science. The NAS wish to compile 
a register of aerobiologists, giving 
details of research interests. Please send 
relevant information to National 
Research Council, Assembly of Life 
Sciences, 2101 Constitution Avenue, 
Washington, DC 20418. 


Meetings 


30 September, Fine Structure and 
Chemical Shifts in Electron Spectro- 
scopy, London, UK (The Institute of 
Physics, 47 Belgrave Square, London 
SWI, UK). 

30 September—1 October, Measurement 
in Biological Electron Microscopy, 
Bristol, (Physiology Departmental 
Office, The Medical School, University 
of Bristol, Bristol, UK). 

2-8 October, 2nd International Col- 
loquium on Physical and Chemical 
Information Transfer in Regulation of 
Reproduction and Ageing, Varna, Bul- 
garia (Secretariat, Colloquium °77, 
Central Laboratory of Biophysics, 
Acad. G. Bonchev Str. BI. 6, 1113 Sofia, 
Bulgaria). 

3-5 October, Sth Biennial Symposium 
on Turbulence, Rolla (Turbulence 
Symposium, Extension Division, Uni- 
versity of Missouri-Rolla, Rolla, Mis- 
souri 65401). 

3-7 October, Thermodynamics of Mag- 
netic Fluids, Udine, Italy (B. Berkov- 
sky, Science Sector, UNESCO, 7 place 
de Fontenoy, 75700 Paris, France). 
5 October, Technology Transfer from 
the Nuclear Industry, Harewell (The 
Meetings Secretary, The Institution of 
Metallurgists, Northway House, Whet- 
stone, London, UK). - 

7-11 October, VII International Con- 
gress of Essential Oils, Kyoto (Y. Kato, 
Secretary General, VII International 
Congress of Essential Oils, c/o Kyoto 
International Conference Hall, Takara- 
ike, Sakyo-ku Kyoto, 606 Japan). 

10-13 October, XXV International 
Meeting on Transportation and Com- 





munications, Genoa (International 
Institute of Communication, Villa 
Piagio, Via Pertinance, 16125 Genova, 
Italy). 

11-13 October, 4th Annual UMR-DNR 
Conference on Energy, Rolla (N. Flem- 
ing, Conference Coordinator, Extension 
Division, University of Missouri-Rolla, 
Rolla, Missouri 65401). 

11-13 October, AGU Conference on 
Oceanic Fronts, New Orleans (Ameri- 
can Geophysical Union, 1909 K St, 
NW, Washington, DC 20006). 

17-18 October, Conference on Genetic 
Epidemiology, Hawaii (N. E. Morton, 
School of Public Health, University of 
Hawaii, Honolulu 96822). 

17-21 October, Ist International Con- 
gress on Phosphorus Compounds and 
their Non-fertiliser Uses, Rabat, 
Morocco (IMPHOS (World Phosphate 
Rock Institute), 8 rue de Penthiévre, 
75008 Paris, France). 

19-21 October, Symposium on Current 
Topics in Drug Research, Uppsala (R. 
Dahlbom, Biomedical Center, Univer- 
sity of Uppsala, Box 574, S-751 23 
Uppsala, Sweden). 

24-26 October, ASTM Symposium on 
Erosion: Prevention and Useful Appli- 
cations, Vail, Colo (Miss J. B. Wheeler, 
ASTM, 1916 Race Street, Philadelphia, 
Pa. 19103). 

24-28 October, International Confer- 
ence on Water Chemistry of Nuclear 
Reactor Systems, Bournemouth (The 
Conference Office, Institution of Civil 
Engineers, 1-7 Great George Street, 
London SW1, UK). 

25-28 October, International Confer- 
ence—Radar 77, London, UK (The 
Institution of Electrical Engineers, 
Savoy Place, London WC2, UK). 

31 October-3 November, Advancing 
Energy Technology, Eastbourne (The 
Institute of Fuel, 18 Devonshire Street, 
Portland Place, London W1, UK). 

31 October-4 November, Symposium 
on Radioimmunoassay, and Related 
Procedures in Medicine, Berlin (Inter- 
national Atomic Energy Agency, PO 
Box 590, A-1011 Vienna, Austria). 

31 October-4 November, Conference 
on Water Chlorination: Environmental 
Impact and Health Effects, Gatlinburg 
(R. L. Jolley, Chemical Technology 
Division, Oak Ridge National Labora- 
tory, PO Box X, Oak Ridge, Tennessee 
37830). 

2-3 November, International Sym- 
posium on Polarography in Action, 
London, UK (The Secretary, Scientific 
Symposia Ltd, 42-43 Gerrard Street, 
London W1, UK). 
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Political will now the issue 


Tue Commons Select Committe on Science and Tech- 
nology has recently reported on the development of 
alternative sources of energy for the United Kingdom 
(House of Commons Paper 534). With painstaking care 
the committee has heard evidence on tidal power, solar 
energy, nuclear fusion, geothermal resources, wind and 
waves. And yet at the end of it all one is left wondering 
whether the United Kingdom is going to think itself 
into an energy policy and, if so, whether we will be 
prepared to bite the bullet on the subject of alternative 
energy sources. 

The report itself is on the whole unobjectionable. 
Various sources are reviewed and commented on; solar 
energy for space and water heating is seen as having the 
greatest immediate potential, and the committee recom- 
mends its vigorous exploitation. Solar electricity is given 
a less cheerful assessment, although the rate of develop- 
ment of amorphous semiconductors might well render 
this opinion obsolete in the near future. Biomass, which 
is one of the pillars of Amory Lovins’ Soft Energy Paths 
(offering according to. Mr Lovins “practical econo- 
mically interesting technologies sufficient to run an 
efficient US transport sector”), is barely mentioned. 
Wave power for electricity generation is seen, somewhat 
delphically, to have considerable potential “if the tech- 
nical difficulties. can be overcome, and economic 
viability established”, Wind and geothermal energy are 
not highly rated. And so on. A disappointment is that 
there is no parallel assessment of energy storage tech- 
niques which, as Martin Ryle recently argued, could 
make a lot of difference to the viability of some alterna- 
tive-energy projects. 

Technical analyses of the sort that the committee 
‘provides are now common: there are plenty of excellent 
books, reports and magazine articles to inform the 
public, and this latest document can add relatively little 
to what has already been put about—and what fairly 
quickly becomes outdated. Where those in the political 
arena should now be more exercised is in asking just 


what alternative energy sources are for. And before 
such a question can be answered some distinctions need 
to be made between different types of alternative energy 
source. To include nuclear fusion in the same gener 
category as, say wind power is clearly wrong. The 
former has the potential at some time in the future to 
take over a massive proportion of the country’s energy 
requirements if the political will is there, the latter does 
not, and it seems foolish to talk about such divergent 
technologies under the same heading. 

Some clear thinking is also needed in the near future 
on what will be politically acceptable in terms of import. 
and export. It has been customary to discuss somè 
alternative-energy technologies as worth pursuing mainly 
for their export potential. But the opposite side of the 
coin is the possibility of importing energy. The question 
of biomass again springs to mind. Undoubtedly the 
United Kingdom is not favourably situated compared 
with equatorial countries. Many of these countries fall 
into the developing category. The policy questions of 
independence versus support for the developing world 
versus fear of a future OPEC are certainly worth 
pursuing at this early stage. 

Finally, what is the purpose of research into alterna- 
tive energy sources? If in future years the source could 
be expected to provide, say, 5% of the UK’s energy 
needs, does it make sense to pursue the subject? Small 
indentations into a major problem may be attractive 
scientifically and emotionally but could be trivial in the 
context of resource conservation or reduction in expen- 
diture on foreign currency. Somewhere along the line 
this far-from-easy problem will have to be faced; on the 
assumption that the United Kingdom will continue to” 
place its energy reliance on the major sources in view 
at the present, for how long will it make sense to 
encourage vigorous research in the small alternative 
sources? The question would, of course, be very dif- 
ferent if we were to move to a ‘softer’ path, but on that 
there seems as yet to be no political discussion. O 






BA address: 
Huxley responds 





Sir Andrew Huxley, Royal Society Research Professor in 
the Department of Physiology at University College London, 
responds to Nature’s editorial on the presidential address he 
delivered to the recent British Association meeting 





Sir,—Your editorial (8 September) about my presidential 
address to the British Association misses the point of what I 
said on the relations between human values and scientific 
research. I discussed this matter in several contexts— 
evolution; paranormal phenomena; the Lysenko controversy; 
and the inheritance of human ability. You mention only the 
last, and you write as though I had simply called for more 
research in this field. You have misread me. What I was 
urging was that the conclusions of whatever research is 
done should not be biased by preconceptions or by external 
pressures. In recent years. this issue has been bedevilled by 
strong pressures, which in Europe and in most of the USA 
have come almost exclusively from those who insist that the 
genetic component is negligibly small. These pressures have 
taken forms which I hope you agree are improper—the 
baseless insinuation that there is necessarily something 
‘racist’? in admitting the possibility of a genetic component; 
denial of freedom of speech; and physical attacks. It is easy 
to. imagine similar pressures being exerted by others in the 
opposite direction; if this occurs I shall resist them just as 
forcibly, but as far as I know this has not been happening. 
at least in Europe, since the defeat of Hitler. 


Į did not say much about the good that might come from 
an increase of knowledge on the causes of differences in 
ability, partly because this was not the subject of my 
address, partly because I am no expert in these matters but 
also because I did not wish to buy off opposition to my main 
thesis by playing down the risk of uncomfortable passages 
ahead if, in any field, we allow evidence to be collected and 
published. In my view the, independence of Science is 
something that should be accepted irrespective of the con- 
sequences that may appear to us to be likely. Human 
affairs are so unpredictable that it is more probable that 
good will be done by letting our beliefs follow from the 
evidence, than by deciding without the evidence what beliefs 
will lead to the best actions. Since you challenge me, how- 
ever. I will set out some of the ways in which increased 
knowledge could do good. 


You say “Questions are bound to be asked about motives 
for doing more research, especially as there is little doubt 
that inheritance does play at least some and maybe a very 
significant part in the acquisition of ability”. One answer— 
already given in my address—is as follows. If inheritance 
plays no significant part, long-term policy need only aim 
to provide equal opportunity and to eliminate prejudice 
based on class and race. But if its role is “very significant”, 
we must also build into our system compensatory advantages 
for groups who would otherwise feel excluded from a fair 
share of well-rewarded and respected occupations: ‘affirm- 
ative action’ as in the USA would be a step in this direction 
but other measures might be needed as well—perhaps for 
example up-grading those jobs which have the lowest 
requirements in scholastic attainment. Such policies would 
naturally be resented by the groups whom they do not 
favour (witness the case of Allan Bakke now before the 
US Supreme Court) and probably ought not to be vigorously 
implemented unless it is clear that a substantial genetic 
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component exists. 


A second way in which further investigation could be 
valuable is the following: if there are no appreciable 
genetic differences, the best way to establish the fact will be 
to carry out genetic investigations. An example is that 
Shockley’s approaches to the National Academy of Sciences 
in the United States led indirectly to a review of the 
position being undertaken under the auspices of a com- 
mittee of the US Social Science Research Council, and 
the resulting book (J. C. Loehlin, G. Lindzey & J. N. 
Spuhler, Race differences in intelligence, W. H. Freeman & 
Co., 1975) gives prominence to two interesting genetic 
investigations, one based on correlation of IQ with blood 
groups in persons of mixed ancestry, and the other on 
the performance of illegitimate offspring of Negro and 
White US servicemen with German women during the 
occupation of Germany after World War H. Neither of 
these gave any support for a simple genetic difference 
between Negro and White. 

Yet another reason to wish for greater knowledge is 
that, as understanding improves, so emotional reactions will 
become less. Suppose, for example, that a gene were indenti- 
fied which, like the sickle-cell gene, confers some resistance 
against a tropical disease but whose compensatory dis- 
advantage in the homozygote is a moderate drop in 
scholastic ability instead of a haemolytic disease: I believe 
this would be regarded purely as a piece of misfortune to 
those affected and in no way as a matter for shame. 

It would be idle to suggest more specifically the way in 
which improved knowledge and understanding might be 
valuable. The chief characteristic of research is that its 
outcome is not known in advance. A large part of my 
address was devoted to examples where the progress of 
science was held up by a false assumption that a result 
could be deduced by extrapolation from what was already 
known. This part of my address you dismiss as “a lengthy 
aside”, but it is highly relevant to the question of the 
causation of differences of ability, Our understanding in 
this field is still in a primitive state, and 1 would guess that 
there will be several unforeseen changes of view on both 
the environmental and the genetic side before an agreed 
position is reached. Meanwhile, what is needed is, on the 
one hand, for policy-makers to be conscious of this un- 
certainty, to be guided largely by humane considerations and 
by common sense rather than by predictions based on parti- 
cular theories, and to avoid decisions liable to be harmful if 
unsuspected factors turn out to be at work. On the other 
hand, research should continue, with as little bias as can 
be attained and without premature claims on either side to 
have reached a final solution. 

I retain a conviction—difficult no doubt to justify 
rigorously in each individual case—that an improvement in 
our understanding of a problem will in the long run improve 
our attempts to solve it. I find it deeply depressing that you, 
the Editor of the leading general scientific journal of the 
whole world, should in your final sentences tell us in effect 
that. in any field which is important enough to generate 
emotion, we ought not to undertake research until we are 
sure that its conclusion will be to our liking. 


ANDREW Hvuxcey, FRS 


The full text of Sir Andrew Huxley's address appeared in 
The Times Higher Education Supplement of 2? September 
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Desertification: another mirage? 


Robin Sharp reports on the UN Conference 
which ended in Nairobi earlier this month 


Pert rash is. an ugly dermatitis 
“ which spreads in blotches and peels 
off bits of the world’s skin. Having 
diagnosed it, traced it to no fewer than 
45 sources and called it desertification, 
the United Nations has this month 
successfully patented a selection of 
medicines to control and cure the 
disease. 

The UN Conference on Desertification 
(UNCOD) was very much a synthetic 
event, in the best sense of the term. 
Neither a scientific nor essentially a 
political gathering, it sought to bring 
together a range of disciplines and 
socio-political interests to create a new 
holistic approach to the probiems of 
desert rash in the world’s dry lands. 
The conference did not pretend to be 
inventing a new branch of science but 
rather a new conceptual framework for 
research and policy-making. Judging by 
the high degree of consensus among 
the 90 countries present on the ailment 
and its cure, this seems to have been 
achieved. 

One danger with a newly-identified 
problem is that people too readily 
assume it needs new-fangled solutions. 
In the case of desertification, the teams 
of experts who produced the basic con- 
ference documents were cautious 
enough to recognise modern technology 
as one of the hazards as well as the 
hopes. Because of their fragility, the 
principal document noted, dryland eco- 
systems are particularly vulnerable to 
misapplied technology; and in the dev- 
eloping countries where acceptance by 
the local community is.a critical factor, 
modifications of existing technology and 
practice are more likely to be effective 
than radical innovation. 

In their official conference paper, 
‘Ecological change and desertification’, 
Andrew Warren and Judith Maizels of 
University College, London, also warn 
that stories of. technological success in 
dryland agriculture “should not be 
accepted complaisantly”. Fifteen mil- 
lion hectares of land have been irri- 
gated along the Indus River in 
Pakistan, for example, but an estimated 
two-thirds of this vast area is now 
affected by consequent waterlogging 
and salinisation. 

The conference was presented with 
three other ‘component reviews’ cover- 
ing technology, climate and human and 
social factors. All four were then sum- 
marised in an overview report, which 
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provided the basis for the first part of 
the conference debate. In fact, apart 
from various nuances and some dis- 
agreement over whether and how to 
define the neologism coined for the con- 
ference title, there was little dispute 
over the secretariat’s analysis of the 
causes and effects of desertification. 


Bone of contention 

The only real bone of contention was 
whether or not, as averred by Dr 
Mostafa Tolba, the conference Secre- 
tary-General, “man now has in his 
possession both the wealth of know- 
ledge and adequate technical means to 
bring desertification to a halt and, in 
many instances, to reverse the pro- 
cess”. The overview paper emphasised 
the same point, asserting that the 
knowledge and experience to tackle 
most aspects of the problem was 
“available right now”. 

This, however, was not good enough 
for the six national and regional science 
associations which held a seminar in 
Nairobi immediately before the con- 
ference to feed in their views. In their 
opinion it reflected an implicit over 
confidence in the adequacy of existing 
technology, not to mention an under- 
estimation of the human and economic 
costs which in the short-term could 
well rival the costs of the problem 
itself. 

Both concerns drew attention in the 
debate, a number of countries pointing 
out that more basic and applied 
research was still needed in areas such 
as water harvesting, rainfall prediction, 
water desalination, alternative energy 
sources and water-crop relationships. 
Several delegates stressed the need for 
intensified efforts in the field of clima- 
tology and a closer working relation- 
ship between climatologists and agri- 
culturalists at various levels. 

One experiment which may even- 
tually enable climatological events to 
be predicted in the world’s dry regions 
is to be launched next year by the 
World Meteorological Organisation 
(WMO). Under its Global Atmospheric 
Research Programme (GARP), run 
jointly with the International Council 
of Scientific Unions, the WMO will 
make detailed worldwide observations 
of the atmosphere over a 12-month 
period, It is described as the largest 
scientific experiment ever undertaken 
internationally for peaceful purposes, 
using satellites, aircraft. ships. balloons 
and Press handouts, so they'd better 
come up with something. 
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Plan of action 

After agreeing that desertification 
has many causes and that most are 
man-made, the conference then moved 
on to consider what could be done 
about them. Though most of it may be 
no more than a set of guidelines for 


any government caring to take note, ~~ 
the UN conference formula these days... 
makes it de rigueur to produce a “plan 
of action’. And as these things go, the 

desertification action plan went pretty _ 


well. It recommended careful assess- — 


ment and monitoring of the extent of — 


desertification, proper management of — 


water resources, rangelands, livestock 


and wildlife, urgent measures to over 


come the lost of water and land caused _ 
by irrigation, special steps to improve = 


soil conservation, national land-use 
planning, and—just to make sure that 
nothing was left out-—‘national systems 
for monitoring the human condition”. 
Focusing on the developing countries, 


the ‘plan of action’ called for measures. _ 


to strengthen indigenous capabilities in 
science and technology, paying special 
attention to the rational use of dryland 
resources. This might include setting up. 
or strengthening national scientific 
institutions concerned with desertifica-. 
tion. The plan further urged that 

research be vigorously pursued on 

cheap alternative energy sources which. 


could help to halt the alarming rate. of | 


deforestation caused by the pressure of. 
demand for firewood in many dry 
countries. vee 

Pilot project experiments could. be 
set up to test the use of wind energy 
for generators and water. pumps, and 
solar energy for water heaters and dis- 
tillers, cookers, food. dryers and re- 
frigerators. On all. these points the. 
conference anticipated further action 
at the second .UN. Conference ‘on 
Science and Tecnology to be held in 
two years’ time... . . 

The need for public awareness cam- 
paigns to educate people in general 
and dryland populations in particular 
about the sustainable use of their en- 
vironment was emphasised by a number 
of countries. As the Australian delega- 
tion put it, the people contributing to 
the problem must be made aware of 
its existence and causes. On another 
tack, the Australians were scathing 
about the special desertification map 
produced for the conference. Not only 
did it contain serious errors, but at 
a scale of 1 : 25,000,000 it wasn’t going 
to be much help and in any case the 
validity of mapping a set of dynamic 
processes was questionable. 


Less than enthusiastic 

For similar reasons, they were less 
than enthusiastic about the use of 
information from remote-sensing satel- 
lites as an anti-desertification tech- 
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nique. Out of six transnational 
feasibility studies drawn up for the 
conference, two were devoted to the 
monitoring of desertification in south- 
west Asia and South America by 
Landsat imagery, using the Earth Re- 
sources Technology Satellite (ERTS). 
The use of satellite imagery thus came 
in for quite a bit of notice, but the 
Austrailans and others thought it had 
aroused “excessive expectations’ and 
reckoned that for most purposes 
‘ground truth’ observations were a 
much better bet. 

The transnational feasibility studies 
were commissioned as the basis for 
possible inter-governmental agreements 
on large-scale regional projects to com- 
bat desertification. Apart from the two 
remote-sensing schemes, the studies 
provide for the planting of ‘green belts’ 
north and south of the Sahara, the 
management of livestock and range- 
lands in seven countries of the Sudan- 
Sahelian region, and management of 
the major regional aquifiers in north- 
east Africa and the Arabian Penin- 
sula. Though challenged on grounds 
both of cost and effectiveness, the Sec- 
retariat was able to claim that several 
governments had already signified their 
readiness to go ahead. 

Inevitably in the volume of research 
amassed for this meeting there were a 
number of inconsistencies, plus a few 
worrying omissions. At some points 
in the documents and the debate, the 
need of developing countries for simple, 
low-cost technologies was carefully 
stressed, but elsewhere sophisticated 
remedies were advanced without much 
evidence whether those to whom they 
were addressed could or should afford 
them. Likewise, it was acknowledged 
that desirable changes in traditional 
farming and other forms of land use 
were subject to important economic, 
social and cultural restraints. Yet when 
it came to calculating how readily the 
threatened drylands would respond to 
the conference’s action package, the 
implications of this seem to have been 
overlooked in favour of more measur- 
able financial, scientific and admin- 
istrative criteria. 


Two omissions 

Two significant factors in the deserti- 
fication process were glossed over in 
Nairobi, intentionally or otherwise. 
Firstly, though the UN Food and 
Agriculture Organisation (FAO) has a 
conference on land reform scheduled 
for next year, the degree to which 
feudal or other land tenure systems 
still contribute to desertification in 
several countries—for example erosion 
caused by peasants forced out of the 
valleys to farm marginal slopes—was 
studiously ignored. And again, no one 
asked aloud whether those governments 
determined to get their nomads settled 
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Marginal living on the Saharan fringe 


down had analysed the long-term con- 
sequences of demobilising the people 
best equipped to balance the economic 
potential and the limitations of life on 
the desert margin. 

Pehaps the secretariat was a bit 
too anxious not to rufflle any political 
feathers. In any event, for better or 
worse, this was one of the least poli- 
ticised UN meetings in recent times. 
Apart from an Arab move obliging 
the conference to pretend that Israel's 
impressive record of desert reclamation 
did not exist, the proceedings were 
remarkably free of ideological entangle- 
ments. 

Of course there had to be a bit of 
a crunch at the end, and, not sur- 
prisingly, it centred on cash and 
administrative machinery for the post- 
conference follow-through. True to 
form, the industrialised countries came 
out against the creation of any new 
international body for desertification 
which they might have to pay for. 
They were having nothing to do with 
the notion of an international tax to 
help finance the ‘plan of action’, and 
Dr Tolba knew the odds when he con- 
ceded at the start that there might be 
“some problems” in attempting to set 
up another Special Fund for the pur- 
pose. 

In the end, as everyone expected, 
the follow-through responsibility was 
handed over from Dr Tolba, Secretary- 
General of the conference, to Dr Tolba, 
Executive Director of the UN Environ- 
ment Programme. For whatever appre- 
hensions there might be in various 
capitals about UNEP, it was the 
cheapest, neatest, most logical answer— 
and Dr Tolba was generally acknowl- 
edged to have done a masterly job in 
getting the show on the road. 

So from its barrack-like HQ on the 
outskirts of Nairobi, enlivened with 


outdoor murals of wallowing hippos 
and the like, UNEP will now have the 
task of pulling all the other UN 
agencies together to work out uniform 


methodologies, to coordinate and 
expand their research efforts on 
desertification and to build a solid 
organisational structure inside the 


conference’s conceptual scaffolding. A 
mammoth task, one might say, but 
there's no doubt much has been accom- 
plished in the two years leading up to 
the conference. 


Not too disappointing 

By the time UNDP, UNIDO, FAO, 
UNESCO, WMO, WHO, the World 
Bank and others have reshuffled their 
budget headings to make room for this 
new arrival, even the present level of 
spending to combat desertification will 
probably not look too disappointing, 
given the many competing development 
priorities. And it should be worth much 
more if and when all the bits are linked 
into a concerted programme. Added to 
this, according to one estimate, are 
15,000 or more researchers and 300 
institutions around the world already 
involved in arid-land research. 

With resources on this scale available 
to be mustered in a global campaign, 
the prospect of halting and pushing 
back the deserts might appear no longer 
a mirage. But there’s still one more 
snag the conference tended to forget. 
By the year 2000, when the ‘plan of 
action’ is due to be fully implemented, 
the population of the world’s drylands, 
now around 600 million, will be up to 
1,000 million or more, with all the 
concomitant pressures this will bring. 
Those charged with the problem may 
therefore find themselves having to run 
very hard just to stand still. And come 
to think of it, that is a bit like chasing 
a mirage, after all. EJ 
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Discomfiting prognoses 





The UK Science Research Council 
(SRC) published its latest annual re- 
port last week. Chris Sherwell outlines 
some of the difficulties 





Britain’s Science Research Council 
sees itself as the country’s only sup- 
porter of ‘big’ science. Research in 
high energy physics, astronomy, space 
and geophysics, it feels, would collapse 
if it withdrew its funding. The SRC 
is not about to pull out of these fields. 
But the pressure over the past few 
years to cut back has now reached 
such a pitch that the SRC believes 
it may not be able to discharge its 
responsibilities adequately by the early 
1980s. Much now rests on whether 
some sort of turn-round materialises 
in the next couple of years. 

Last week’s report*, covering the 
twelve months to March this year, 
continues to promote the image of 
unrelieved gloom that has become 
familiar in recent years, and in some 
respects offers even more discomfiting 
prognoses, Some idea of the worrying 
trend appears in the accompanying 
table, showing how the distribution of 
SRC expenditure will change. But the 
report also spells out in cold terms 
what is called the “best disposition” 
for big science over the coming years. 

Nuclear physics expenditure, for 
example, will run down more steeply, 
at 63% a year instead of the 5% 
planned last year. The £43.5 million 
to be spent this year will fall to £33 
million by 1981-82, of which fully 
£20 million will go on the CERN 
subscription. This level of support, says 
the SRC, is inadequate to continue 
the full exploitation of existing facili- 
ties, and will not permit the full use 
of the. nuclear structure facility at 
Daresbury. or allow British participa- 
tion in any future international high 
energy facility. 

The more important question for 
now, however, is whether this level 
is below the ‘minimum viable level’ 
of support which became common 
parlance by last year but which went 
largely unspecified. That it is lower 
than forecast is certain: but different 
views will abound on whether in the 
process the minimum level has actually 
been breached or simply redefined. The 
high energy physics community’s 
argument for the former would pre- 
sumably be dampened by a more 
efficacious use of the CERN facilities. 

Astronomy and geophysics fare 


*SRC Report of the Council for the year 
1976-77 (HMSO, £2.50) 


even worse than nuclear physics. Ex- 
penditure of £28 million this year, 
which the report says is 14% down 
on last year, will fall further still to 
£23 million in 1981-82. Space expendi- 
ture outside the ESA subscription 
(which remains at £8 million in all 
years) will fall from something like 
double that subscription to two-thirds 
next year and one-half by 1981-82. 
The report says this means proper 
advantage cannot be taken of oppor- 
tunities through ESA and the use of 
the Space Shuttle and Spacelab. 

The corollary, however, is that 
the domestic programme suffers. Such 
are the consequences of tight money 
that this obviously threatens to raise 
questions about the value of organised 
international efforts in space research. 
The alternative would be ad hoc use 
of US facilities. No one is saying pub- 
licly that Britain is even close to this 
position. But the signs are that such 
a state of affairs could loom in the 
future, 

One comparatively bright spot 
focuses on the special programmes in 
the areas which the SRC has selected 
for support because of their national 
importance. Three in particular—the 
Teaching Company Scheme, Marine 
Technology and Polymer Engineering 
~—-collect a 25% increase from £14.5 
million in 1977-78 to about £18 million 
in 1981-82. ; 

A reminder of the sort of problems 
that big science projects pose is con- 
tained in the reports review of the 
Science Board’s work. The Board is 
experiencing them for the first time 
with the conversion of Nimrod, the 
proton synchrotron at Rutherford, to 
a spallation neutron source—one of the 
SRC’s now famous attempts at can- 
nibalising existing facilities to save 
money. The Board chairman, John 
Jinks, says control of year-by-year 
expenditure was simple and policy was 
quickly effective when research grants 
were its main activity; with central 
facilities, on the other hand, long- 
term financial commitments, quasi- 
permanent operations and established 
staffs mean that delays are the only 





Changes in approximate distribution of 
SRC expenditure under present programme 





%1976-717 % 1981-82 
Astronomy, 

Space and Radio 22 18 
Nuclear Physics 36 26 
Science 24 30 
Engineering’ 13 19 
Central Programmes 1 3 
Administration 4 4 





1 including radio propagation research 
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way to economise, and this can vitiate 
the usefulness of the research. 

How far the SRC has gone along the 
immensely fruitful line of cannibalis- 
ing existing facilities is not certain. 


Plainly, though, the need to doit | 


depends on financial exigencies. Inter- 
national subscriptions, which form some 
30% of the SRC’s total expenditure, 
are fixed; with the international value 
of sterling beyond SRC influence, and 
expenditure subject to the Treasurys 
cash limits regime, the SRC lacks con- 
trol over a sizeable fraction of its out- 
goings. Couple this with inadequate 
compensation for increased student. 
grants and for subscriptions, mix in’ 
the effect of public expenditure . cuts. 
last year and those planned for coming 
years, and the SRC has a recipe for 
lower expectations. What makes the 
fare unsavoury is the higher number. 
of qualified candidates for studentships. 
for whom lack of support means. lost 
opportunities for advanced training, 

A pick-up in the British economy 
is one way the outlook might theor- 
etically improve. Other more logical 
and practical ways, at least from the: 
SRC’s point of view, include a greater: 
commitment to the country’s research 
effort on the part of the government, 
and a greater commitment to the SRC 
rather than the other research councils 
on the part of the ABRC. If there 
is cause for hope on the latter two: 
of these fronts it may indicate. an 
incipient ‘backlash’ effect following. the 
SRC’s past acceptance of negative 
growth rates (now ~1.7% until. 1981- 
82). The SRC wants a constant. budget 
to do a competent job, and to achieve 
that between. now and 1981-82 it says 
it needs £25 million. But as yet this 
would demand a- turn-round in policy 
as well as a turn-round for the 
economy. 


@ In a display of acute deadline con- 
sciousness, the appointment of Pro- 
fessor Geoffrey Allen as chairman of 
the Science Research Council has, after 
an unusually lengthy delay, been con- 
firmed by Shirley Williams, the Sec- 
retary of State for Education and 
Science. The four-year appointment, 
which takes effect this coming week- 
end, first became known in March 
this year, and followed press reports 
that included names of certain indi- 
viduals who had allegedly been 
approached for the job and turned it 
down. The usual need for clearances 
contributed to the delay, but admin- 
istrative hold-ups and the publicity. that 
surrounded the selection did not help. 

Professor Allen takes over from Sir 
Sam Edwards, who takes on a part- 
time appointment as chairman of the 
Defence Science Advisory Committee. 
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@ A team from the Warsaw Institute 
of Plasma Physics and Laser Fusion, 
headed by Professor Sylwester Kaliski, 
Poland’s Minister for Education and 
Science, has achieved the generation 
of neutrons by thermonuclear fusion 
using a concentric explosion with an 
exceptionally high degree of sym- 
metry. The result was announced at 
an international conference in Prague 
last week and received considerable 
eve-of-conference publicity on Polish 
radio and television. According to the 
broadcast, this is the first published 
result of neutrons from thermo- 
nuclear fusion being obtained by pure 
explosion. The broadcast spoke opti- 
mistically of “extending the process 


to a commercial scale”, but the 
figures indicate the production of 
only 3X10’ neutrons from 10%g 


deuterium, and it is estimated that a 
level of some 107 neutrons would be 
required for commercially viable ther- 
monuclear power generation. 


@ It is reported from Poland that, 
in spite of the amnesty of last July, 
repressive measures are still being 
taken against supporters of the 
Workers’ Defence Committee. The 
WDC was set up a year ago to defend 
the rights of the Radom and Ursus 
workers suffering reprisals for their 
part in protests against soaring food 
prices. During the next few months, 
a number of WDC members, includ- 
ing several scientists, were themselves 
subjected to repression, but support 
for the WDC grew. At the beginning 
of June, a group in Wroclaw, mostly 
from higher academic institutions, 
sent a letter to the government criti- 
cising the press campaign against the 
WDC and urging that sanctions 
against WDC members be withdrawn. 

A letter to the WDC now claims 
that shortly afterwards reprisals 
began against the signatories. Three 
lecturers, including Dr Eugeniusz 
Porada, a mathematician, lost their 
jobs, ostensibly for trivial administra- 
tive reasons. The letter was signed by 
Professor Stanislaw Hartman of the 
Mathematics Institute of the Polish 
Academy of Sciences; he and Pro- 
fessor A. Duda have been relieved 
of their posts as consultants to the 
special mathematics courses for gifted 
young people, founded in 1973 in 
several university cities. 


@ Last month, the supervisors of the 
Comecon Departments of Inventions 
met in Ulan-Bator, Mongolia, to 
discuss the problems of patent protec- 
tion within the Comecon bloc. Until 
the late 1950s, the Comecon coun- 
tries somewhat neglected the protec- 





tion of inventions and innovations; 
since then, the position has changed 
so much that now even minor factory 
modifications are granted a patent or 
its equivalent. However, a survey of 
Comecon patent law, published in 
Warsaw in 1970, revealed consider- 
able discrepancies in practice between 
the various countries. Thus, in the 








USSR and Bulgaria, an ‘author’s cer- 
tificate’ gives unlimited protection; in 
most -Comecon countries, the patent 
protection is for 15 years, in East 
Germany 18 years and in Hungary 
20 years. The invention must be used 
within two years of its being reported 
in Hungary, and within three years 
of the granting of the protection in 
Poland; in the USSR there is no obli- 
gation to use an economic patent at 
all. In 1971, the Conference of Super- 
visors of Departments of Inventions 
was established to promote coopera- 
tion in the field of patents and to 
eliminate such anomalies. 

The twelfth meeting of the con- 
ference, which was opened recently 
by the Mongolian Deputy Premier, S. 
Luvsangombo, and chaired by the 
Deputy Chairman of the Mongolian 
State Committee for Science and 
Technology, presented a promising 
picture of work in hand. A progress 
report was presented on the co- 
ordination of draft agreements on 
mutual legal protection of instruc- 
tions of origin and designation of 


origins of commodities. A model 
bilateral agreement on conducting 
patent investigations was approved. 


Special attention was paid to prob- 
lems of “rationalising” the economy. 
including the work of “rationalisers” 
within the framework of international 
economic organisations and a model 
system for handing over rationalisa- 
tion proposals as part of scientific and 
technical cooperation agreements. 


@ One important element in Comecon 
integration plans is computerisation 
of both production and planning. As 
far as the production of components 
is concerned, the computerisation 
plans seem to be going forward well. 
Bulgaria has recently built up with 
Soviet aid a flourishing electronics 
industry, and last year earned more 
than 480 million foreign-currency 
leva from exports. 

When it comes to the introduction 
of computers into the Comecon eco- 
nomies, however, the picture is less 
rosy. In Czechoslovakia, for example, 
the predominant trend so far has 
been the construction of data-proces- 
sing systems for individual factories. 
These facilities, however, have been 
grossly under-used, the factory com- 
puters often simply recording data 
which is not applied in subsequent 
management and planning decisions. 
Recent figures from the Czechoslovak 
Federal Statistical Office indicate 
that on occasion factories have not 
used as much as two-thirds of the 
available machine-time, but either 
sold it to other consumers, or else 
simply wasted it. Accordingly, greater 
emphasis is now being placed on the 
construction of combined data-pro- 
cessing centres. 


@ Anti-pollution measures have re- 
cently been commanding a great deal 
of attention throughout the Comecon 
media. Thus Bulgaria, which re- 
cently introduced a set of “Basic 
Guidelines for the Conservation of 
the Environment”, is to spend 78 
million leva in Sofia okrug (county) 
alone, mainly on water-treatment 
plants on the Iskar, Marissa and 
Topolnitsa rivers, and on equipment 
to remove toxic gases from the air. 
This is clearly a matter of some 
urgency—last year in the Sofia okrug 
106 industrial, economic and com- 
mercial enterprises had to be closed 
down, 25 of them permanently, for 
violating public health requirements. 

In Hungary, air pollution surround- 
ing the Metallokema works at Nagy- 


teteny has been causing concern 
since the middle of April. Complaints 
from local residents indicate that 


household pets were dying and fruit, 
vegetables and window-sills were cov- 
ered with a greyish dust. In addition, 
three small children had to be treated 
in hospital for lead poisoning: an 
investigation by the local health auth- 
orities showed that the lead content 
of the atmosphere was 30-40 times 
the permitted level, and on 30 June 
the factory was ordered to close, The 
order was ignored. 

Vera Rich 
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JET: Costly hold-up? 


Confirming the loss of members of his 
group to the United States, Dr Paul 
Rebut, the French scientist who heads 
the design team based at Culham work- 
ing on the European fusion project 
JET, was quoted as saying last week 
that even if a decision on the site of 
the next stage of the project was taken 
now, it could take up to a year to 
re-form the team. 

Dr Rebut’s comments, in an interview 
with the Oxford Mail, followed the 
news that the EEC Council of Foreign 
Ministers had not even discussed the 
subject, let alone come to a decision, 
when it met last week. The subject did 
not appear on the agenda because 
meetings between representatives from 
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Many observers thought that the 
1972 United Nations Conference on 
the Environment, in Stockholm, 
Sweden, was marred by the evident 
differences of opinion between the 
rich and poor nations on their priori- 
ties. The delegates from the so-called 
developed countries in Europe and 


North America were enthusiastic 
about controlling pollution (even 
when their governments were not 


always effective in carrying out these 
intentions). Many speakers from the 
poorer countries, now optimistically 
called ‘developing’, said that increas- 
ing their productivity and raising the 
standard of living of their citizens 
was more important. They pointed 
out that Britain and other com- 
paratively wealthy countries had done 
little to control pollution during their 
industrial revolution, in the nine- 
teenth century, and to impose un- 
realistic and expensive standards on 
those who were just setting out on 
the same road would hold them back 
unnecessarily. 

It is encouraging to find that this 
view is not Universally held. I am 
just back from Mauritius, where I 
was invited by its government to 
advise on environmental problems 
and their control. Mauritius, known 
to many only as the former home of 
the extinct dodo, and the place where 
the most valuable postage stamp was 
printed, is a volcanic island in the 
middle of the Indian Ocean. It covers 
some 760 square miles and has over 
800,000 inhabitants. It was first a 
Dutch and then a French colony, 
until captured by the British in 1810. 
It remained a British colony until 
1968, when it became an independent 
state, a member of the Common- 
wealth. Its main income is from 
sugar, and some 54% of the island’s 
surface is covered by sugar cane. It 


Britain and Germany, the countries 
with the strongest candidates for the 
siting of JET, had not taken place as 
planned since the last Council meeting 
in July. A high level Anglo-German 
meeting in Bonn set for 9-10 Septem- 
ber was cancelled because of the kid- 
napping of Hans-Martin Schleyer. The 
ministers will meet informally on 
8-9 October, and formally on 17-18 
October, 


NERC report, appointment 


Like the UK SRC, the Natural Environ- 
ment Research Council (NERC) last 
week published its report for the year 
to March 1977 and acquired a new 
chairman. A feature of the report is a 


is a net food importer, and attempts 
to reach greater self-sufficiency by the 
diversification of agriculture are 
being made, though little good land 
remains uncultivated. Industrial de- 
velopment, particularly of light in- 


Dirty development 











KENNETH MELLANBY 


dustries, has recently made some 
progress, and is said to produce 
nearly a quarter of the island's 
income. 

As yet Mauritius has no really 
damaging pollution problems. It 


would be hard to produce serious air 
pollution in a small oceanic island 
in the region of the trade winds. 
There is some smoke from factories, 
dust from stone crushers, and road 
safety is often impaired by the smoke 
screens from badly maintained diesel 
lorries and buses. The beaches of 
white coral sand, the main tourist 
attraction, are clean except near 
settlements and sewage outfalls. How- 
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6-page description of the contribution 
NERC research can make to solving 
problems of energy and the environ- 
ment; in particular, on the contro- 
versial issue of disposal of high-level 
radioactive waste, the report says the 
funds needed are “many times greater 
than the very modest sums” with 
which NERC is undertaking current 
studies, 

The report also shows that the main 
bulk of the £26.675 million spent on 
NERC’s scientific programme went on 
studies of the earth (42.2%) and the 
sea (32.9%). Commissioned research 
totalled nearly £15 million. 

The man who will succeed Sir Peter 
Kent as chairman of NERC is Pro- 
fessor J. W. L. Beament, the insect 
physiologist. 


ever, there are many at present 
trivial nuisances which could soon 
grow into environmental dangers. 
Refuse, likely to increase with 
population and a growing GNP, is 
seldom collected and never dealt with 
hygienically. Much is thrown into 
streams, the one place where the 
maximum damage will occur. 
Factories are surrounded by noisome 
piles of uncollected debris. Some 
people exhibit a genius for doing the 
most damage with the smallest 
amount of a pollutant. Thus a small 
tea factory in a sparsely inhabited 
hilly area has a leaky pipe from its 
oil tank. A few gallons seep out each 
year into the adjoining stream, half 
a mile above the intake for the local 
water supply. Garages always seem to 
empty their used sump oil into the 
nearest river. 

Thus with a growing population, 
rising incomes and more industry the 
future for Mauritius could be a dirty 
one, unless immediate steps are taken 
to preserve the environment. Some 
encouragement can be obtained from 
the sugar industry, which could be a 
major polluter. The largest and best- 
run factories have remarkably little 
harmful impact on the environment, 
and the others are improving. The 
industry clearly knows what needs to 
be done. None of the other problems 
is insoluble—and success will be 
easier the sooner vigorous action is 
taken. In all developing countries 
prospects are better than they were 
some years ago. The most valuable 
aid that the developed countries can 
give is knowledge of how they have 
got over the abuses of the nineteenth 
century. They must show that with 
modern industrial development, pollu- 
tion control need not be unduly 
expensive, and that early action can 
be an excellent investment. 
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correspondence 





Europe versus itself 


Sir,—With reference to the editorial 
“Million-dollar problem—billion dollar 
solution?” (14 July, page 89), the 
problem of sulphur pollution is not a 
problem of Norway versus the United 
Kingdom, but rather of Europe versus 
itself. 

The OECD study, to which the 
article refers, has shown that there is a 
more or less continuous export and im- 
port of pollutants between European 
countries and that the problem is not 
confined to any two countries. Nor can 
it be solved by individual national 
control programmes. It should also be 
emphasised that the problem is not pre- 
dominantly confined to the effects of 
acid rainfall on fish populations. The 
effects of sulphur pollution fall into 
four main areas: human health, veg- 
etation, the fresh water ecology, and 
corrosion of metals, painted surfaces 
and other materials. 

It is established that several cate- 
gories of human disease are linked to 
the occurrence of sulphur dioxide and 
associated pollutants in the atmosphere. 
Governments’ efforts to improve the 
quality of the air so as to provide 
better health protection are likely to 
have the reduction of sulphur emissions 
as one of their main targets. 

With regard to corrosion we know 
that material damage due to sulphur 
pollution in Sweden and the United 
States cost between $5 and $10 per 
capita per year in the early 1970s. 
We know that damage is inflicted on 
vegetation in areas polluted with high 
concentrations of sulphur. It is also 
suspected that the dispersion of sulphur 
will result in decreased tree growth in 
areas with relatively low average con- 
centrations of pollutant. The economic 
consequences of such effects can be 
highly significant. 

We must also expect synergetic or 
combined effects in wide areas within 
Europe where various harmful pollu- 
tants are dispersed through the atmos- 
phere. Efforts should now be directed 
at developing a coordinated European 
policy for reducing emissions. The 
costs. involved will, it is true, be formi- 
dable. Only. gradual improvement can 
therefore be expected. The result, how- 
ever, will be beneficial to health, to 
materials susceptible to corrosion and 
to the quality of the natural environ- 


ment all over Europe, with particular 
benefits accruing to people and areas 
closest to emission sources. 
Yours faithfully, 
Erik LYKKE 
Ministry of Environment, 
Norway 


Nutrition in food policies 


Sir,--Blythe and Rush (4 August, page 
386) outlined the state of the cautious 
dialectics of a UK food policy which 
incorporates nutritional criteria. The 
arguments are complex and contro- 
versial, not least because of the range 
of disciplinary interests involved. Three 
of the arguments referred to by the 
authors warrant further comment. 
First, is the search for ‘absolute 
proof’ of causal linkages between 
dietary constituents and diseases 
necessary before recommendations 
commensurate with formulating food 
policy can be made? Is ‘absolute proof’ 


actually attainable? The © scientific 
method sets out to falsify theories 
through experimentation, never to 


prove their validity, it is neither the 
intent of the method nor logically 
possible to prove the validity of 
theories, irrespective of the number of 
experiments. Thus, the argument 
should be concerned with the degree 
of confidence that can be attached to 
the corroboration between theories and 
observations in scientific experiments. 
Thus, for example, where there exists 
a sustainable conjuncture that a 
particular level of dietary fat (or 
saturated fat) is detrimental to health, 
this should be sufficient basis for a 
recommendation. 

Second, the lack of an explicit food 
policy which links nutrition and health 
to food supply is tantamount to 
accepting, by default, that the frag- 
mentary components of existing 
policies which affect food consumption 
adequately accommodate nutrition and 
health goals. Equally, the nutrition 
and medical professions, by failing to 
make recommendations, are by de- 
fault condoning the present dietary 
trends. 

Concerns that the introduction of 
nutritional goals into agriculture and 
food supply policy would require signi- 
ficant structural changes are exagger- 
ated. The food supply industry is not 
static: at present there is a programme 


for expansion of UK agriculture, and 
for further structural change within 
the EEC. There is no reason to believe 
that the changes needed to include 
nutritional goals would be any greater 
than those already under discussion or 
being implemented for sectional 
economic interests alone. 

Thirdly, the controversy surrounding 
state intervention in consumers’ free- 
dom of choice through a food and 
nutrition policy is a red herring. The 
extent to which a real freedom of 


choice exists is academic, but it 
is evident that consumers’ choice 
is directed by a wide range of 


measures from diverse sources, Effect- 
ively, consumers are free to choose 
from numerous, but pre-determined, 
alternatives, and that choice is further 
constrained by such factors as their 
income, access to information, and 
susceptibility to advertising. A food 
and nutrition policy would not neces- 
sarily impose further restrictions on 
choice, but could provide the consumer 
with a more rational and coherent 
basis for his choice. This implies that 
all consumers have access to a nutri- 
tionally adequate diet with established 
health safeguards, while maintaining 
the widest feasible variety and avail- 
ability of foods. As a wide access to 
relevant information on nutrition, 
health and foods is a component of 
most conceptions of a food and nutri- 
tion policy, it can be argued that such 
a possibility would increase the con- 
sumer’s capacity to exercise a free 
choice, rather than reduce it. 
Yours faithfully, 
C. J. ROBBINS 

Reading, 

Berkshire 


Crater good 


Sır, —I shall say an Ave Mare for the 
soul of David W. Hughes (15 Sep- 
tember, page 197). 
Yours faithfully, 
L. Rose 
Leicestershire, UK 


Correction 


In T. R. C. Boyde’s quoted derivation 
of the word ‘enzyme’ (15 September, 
page 194), the Greek for ‘in yeast’ 
should have read evpfupn, not ev€uyn. 
The modern Greek would read erfupoo. 
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news and views 





The ultraviolet sense in flies 


from Jonathan Ashmore 


Many insects can detect light in the 
near ultraviolet. So also can humans 
but there are problems in explaining 
the much greater insect ultraviolet 
sensitivity in terms of what is known 
about the visual pigments. Rhodopsin 
is probably one of the most intensively 
studied membrane proteins, yet great 
gaps exist in the description of the 
chain of events starting with the photo- 
isomerisation of the chromophore 
li-cis retinal and ending with the 
signal appearing in the nervous system. 
But in both vertebrate and inverte- 
brate systems the chromophore has 
always turned out to be retinal, the 
aldehyde of vitamin A. The peak 
absorption wavelength Amax for those 
rhodopsins which have been studied 
either in the membrane or in solution 
lies in the range 460 nm to 535 nm. Free 
retinal has a Ayax of 378 nm, and its 
association with the protein by way of 
the usual protonated Schiff base would 
tend to move Amas to longer wave- 
lengths only. 

However, the insect ultraviolet peak 
measured in the photoreceptors of a 
number of species both by electro- 
physiological and microspectrophoto- 
metric methods. occurs around 360 nm. 
A pigment from the moth Asculaphus 
has been isolated by Hamdorf and 
co-workers (Nature 231, 438; 1971) 
with a Amax at 350 nm and retinal as 
the presumed chromophore, but the 
matter is not. settled there. In rhab- 
domeres R1-6 of- the dark. adapted 
dipteran ommiatidium, spectral absorp- 
tion peaks not only at 500nm but also 
in the ultraviolet. The precise wave- 
lengths are species dependent, but the 
ultraviolet absorption has peculiarities: 
the phenomenon appears to be fairly 
labile, varying from cell to cell and 
may even change seasonally (Horridge 
& Mimura Proc. R. Soc. B 190, 211; 
1975). Since its first description 15 
years ago it is still not clear whether 
one or two pigments are present. The 
sharp angular sensitivity of the recep- 
tors seems to rule out the possibility 
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that there is coupling from the specifi- 
cally ultraviolet receptors R7 and R8. 

On page 386 of this week's issue of 
Nature Kirschfeld et al. sidestep the 
one/two pigment issue by suggesting 
that the ultraviolet sensitivity of 
dipteran photoreceptors may be due 
to a mechanism similar to that used 
to extend the spectral sensitivity of 
photographic emulsions. Performing 
the microspectrophotometry on rhab- 
domeres R1-6 of the housefly Musca, 
they extend the earlier work on 
Calliphora by Langer and Thorell 
(Expl Cell. Res. 41, 673; 1966) to show 
that although the ultraviolet peak 
occurs in absolute absorption spectrum 
there is no conspicuous change in the 
ultraviolet extinction following adapta- 
tion by ultraviolet light. Such a change 
is virtually a prerequisite for the pre- 
sence of a rhodopsin-like pigment, and 
special mechanisms need to be invoked 
to explain its absence. 

The first relatively stable reaction 
product of rhodopsin following the 
absorption of light is metarhodopsin. 
Insect metarhodopsins are distinguished 
by the large redshifts of the absorption 
peak relative to rhodopsin. In Musca 
the effect of absorption of ultraviolet 
light seems to be the production of 
only the metarhodopsin with Amax of 
580 nm which is that formed from the 
blue-absorbing rhodopsin with a Amax 
of 490 nm. 

Where is the ultraviolet light being 
absorbed? The new technique which 
has been used to study the mechanism 
further is electrophysiological. Pak and 
Lidington (J. gen. Physiol. 63, 740; 
1974) reported that the fast potential 
elicited by short intense flashes of light 
with external recording from the photo- 
receptors is proportional to the meta- 
rhodopsin concentration. This provides 
a direct assessment of the pigment 
state, whereas earlier work relied on 
the slower receptor potentials where 
several stages of transduction are in- 
volved before the electrical signal can 
be measured. Kirschfeld et al. find in 
Drosophila that those flies fed a 
vitamin A deficient diet have a lower 
ultraviolet quantum efficiency com- 


pared to blue light than those flies 


raised on a vitamin A enriched 9” 


medium. The method used can now 
leave little doubt that the vitamin A 
deficiency alters in. some way the 
efficiency of ultraviolet light absorption 
at the level of the visual pigment itself; 
Species differences in visual perform- 
ance between various dipteran species 
have been noted as a result of vitamin- 
A deprivation (reviewed by Stark ef al. 
Naturwissenschaften 63, 513; 1976), 
but the differences between Musca and. 
Drosophila are probably not significant 
here. 

The novel explanation offered for 
these observations is that a photostable 
pigment is present in normal. flies 
which absorbs in the ultraviolet and 
transfers energy to the chromophore 
on the rhodopsin molecule. Although 
vitamin A deficiency may be working 
by reducing the rhodopsin concentra- 
tion (see for example Harris et al. 
Nature 266, 648; 1977), the primary 
effect must be the reduction in retinal 
and its derivatives. A vitamin A de- 
rivative is thus a likely candidate for 
the photostable pigment postulated, 
presumably membrane-bound in view 
of the sensitivity of these receptors to 
the plane of polarisation of ultraviolet 
light (Horridge & Mimura op. cit.). 
Cattle rhodopsin thas in fact been pre- 
pared artificially with two — retinals 
bound and has a double absorption 
peak, one in the ultraviolet (Rotmans 
et al. Biochim. biophys. Acta 387, 151; 
1974). Functional studies of such a 
system have not been made but it is 
known that fluorescent probes can be 
attached to sites on the rhodopsin 
molecule (Wu & Stryer Proc. natn. 
Acad. Sci. U.S.A. 69, 1104; 1972) 
whose behaviour suggests that the kind 
of energy transfer required to explain 
the insect data may be possible given 
a suitably close pair of sites. 

Although not based on radically new 
data, the suggestion of a ‘sensitising 
pigment’ may be the solution to old 
problems. Further developments in- 
cluding a more direct attack on the 
protein chemistry involved should tell 
whether it is right. E 
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Interferon action revisited 


from Paula M. Pitha 


INTERFERONS are species-specific cellu- 
lar glycoproteins synthesised by a wide 
variety of animal cells in response to 
viral infection (or various non-viral 
stimuli) which induce antiviral resist- 
ance in homologous cells. In interferon- 
treated cells, a wide variety of different 
viruses do not replicate well. It was 
shown with a majority of the viruses 
studied that the primary effect of inter- 
feron is a general inhibition of viral 
protein synthesis. In addition to this 
block it has also been found that with 
some viruses such as VSV and SV40 
the transcription of viral mRNA is 
decreased in interferon-treated cells. 
Oncornavirus replication seems to be 
inhibited by interferon at the level of 
virus maturation and assembly. 

The nature of the molecular mech- 
anism by which interferon induces the 
antiviral state in the cell has not yet 
been clarified. Interferon by itself is 
not an antiviral agent. The antiviral 
state does not develop in enucleated 
cells or in cells treated with actino- 
mycin D or cycloheximide. This in- 
dicates that the antiviral effect of inter- 
feron requires both transcription and 
translation of the cellular genome and 
leads to the proposal that there is an 
interferon-induced antiviral protein 
(Taylor Biochem. biophys. Res. 
Commun. 14, 447; 1964). The situation, 
however, is not that simple; recent 
results from the laboratories of I. Kerr 
(MRC, Mill Hill, London), P. Lengyel 
(Yale University, Connecticut) and M. 
Revel (Weizmann Institute of Science, 
Rehovot) with cell-free protein syn- 
thesising systems, indicate that inter- 
feron treatment induces the synthesis 
of several translational inhibitors. 

The first step in the induction of the 
antiviral effect is the interaction of 
interferon with the cellular membrane 
of a sensitive cell, and it has been 
observed that the interferon binding 
involves both cellular gangliosides and 
glycoproteins (Besancon & Ankel 
Nature 252, 478; 1974; Vengris er al. 
Virology 72, 486; 1976; Kohn et al. 
Proc. natn. Acad. Sci. U.S.A. 73, 3695; 
1976). The cellular uptake of interferon 
is not required for the antiviral effect 
(Ankel et al. Proc. natn. Acad. Sei. 
U.S.A. 10, 2360; 1973); the sensitivity 
to interferon seems to be determined 
by a receptor located at the plasma 
membrane. Using antiserum to inter- 
feron, which neutralised all free inter- 
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feron in the medium, Vengris et al. 
(Virology 64, 410; 1975) demonstrated 
that for the development of the anti- 
viral state interferon had to interact 
with the external cellular membrane of 
the cell producing interferon. 

The results obtained by several 
groups (for example F. Ruddle at Yale 
University, Connecticut, and F. C. 
Chany at INSERM, Paris) using 
mouse~human cell hybrids demon- 
strated that the sensitivity to human 
interferon is governed by human 
chromosome 21. Trisomy 21 cells were 
markedly more sensitive to human 
interferon than normal diploid cells or 
monosomy 21 cells (Tan er al. Science 
186, 61; 1974; Chany et al. Proc. natn. 
Acad. Sci. U.S.A. 72, 3129; 1975). 
Antibodies to hybrid cells containing 
human chromosome 21 were found to 
inhibit the antiviral effect of human 
interferon in human cells. Revel ef al. 
(Nature 260, 139; 1976) suggested that 
chromosome 21 codes for the receptor 
for human interferon on the cell 
surface. 

The species specificity of interferons 
seems to be also determined at the 
receptor level. Recent data indicate 
that in primate-mouse hybrid cells 
containing only one or a few human 
chromosomes interferon specificity is 
due to the interaction with the receptor 
but the antiviral mechanism induced 
with both mouse and human interferon 
is of mouse origin (Chany, Biomedicine 
Express 24, 148; 1976). This indicates 
that at least some components of the 
antiviral effect do not have a require- 
ment for species specificity. Samuel 
and Joklik (Virology 75, 166; 1976) 
came to a similar conclusion when they 
showed that interferon treatment 
induced a ribosome-associated inhibitor 
of viral mRNA translation in cell-free 
systems that could be dissociated from 
ribosomes and inhibit the translation of 
viral mRNA in a heterologous cell- 
free protein synthesising system. 

In this issue of Nature (page 422) 
Blalock and Baron from the University 
of Texas at Galveston present another 
type of evidence that the interferon- 
induced antiviral ‘machinery’ may not 
be species specific. The authors also 
suggest that the antiviral compound 
induced by interferon treatment of the 
homologous cells can be transferred to 
the cell of the heterologous species and 
elicit in it resistance to viral infection. 
The experiments are based on coculti- 
vation of mouse cells (sensitive to 
mouse interferon) with interferon- 
insensitive human cells in the presence 
of mouse interferon, infection with 
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VSV or vaccinia virus, and measure- 
ment of virus yield. To achieve the 
effect close contact between the two 
cell populations was required; the effect 
was not observed in cultures plated at 
low cell density. Actinomycin D treat- 
ment of the mouse cells blocked both 
the antiviral effect in the mouse cells 
and their ability to transfer resistance 
to the heterologous cells. It seems, 
therefore, that the transferred com- 
pound may be a product of interferon 
induction rather than interferon itself. 


This conclusion, however, is based 
on experiments done in mass cultures 
and the challenging viruses replicated 
both in homologous and heterologous 
cells. In the future much clearer data 
would be obtained if the infecting virus 
could not replicate in the cells homo- 
logous to the interferon but only in 
the cells to which the antiviral com- 
pound was transferred. It has been 
shown previously that the effect of 
interferon is an all-or-none pheno- 
menon in L cells and in chick embryo 
cells (Chang et al. J. gen. Virol. 20, 
139; 1973; Radke er al. J. Virol. 13, 
623; 1974), and thus it should be 
possible to measure the transfer of 
viral resistance from the cell in the 
antiviral state to the adjacent neigh- 
bour. Fluorescent antibody or infec- 
tious centre techniques could be used 
to confirm the requirement for cell-cell 
contact. 


One of the remarkable properties of 
the interferon system is its high bio- 
logical activity. The specific activity of 
both human and mouse interferon is 
estimated to be close to 10° units per 
mg protein (one unit is the amount of 
interferon which inhibits virus replica- 
tion by 50%). It is probable that such a 
system involves mechanisms which 
amplify the initial response. Both the 
above described transfer of antiviral 
resistance and the mobility of the inter- 
feron receptors on the cell surface 
(Lebon et al. Proc Soc. exp. Biol. Med. 
149, 108; 1975) may be amplification 
factors in the interferon system. 


Currently it seems that the action of 
interferon at the cellular surface 
resembles in many respects the action 
of the polypeptide hormones, The 
major task for the future is to answer 
the question of how the impulse from 
the cell membrane is transferred to 
the nucleus. One possibility which 
remains to be determined is that 
the antiviral effect of interferon is 
mediated through a second message 
such as cyclic AMP (Weber & Stewart 
J. gen. Virol 28, 363; 1975). G 
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High-energy physics 
and nuclear structure 


from C. J. Batty 


A conference on high-energy phy- 
sics and nuclear structure was held 
in Zurich on-29»August-2 Septem- 
ber and organised by the Swiss In- 
stitute for Nuclear Research. This 
was the seventh in-an international 
series of conferences held every two 
years. The theme of this conference 
series is the use of high-energy par- 
ticles and accelerators to study the 
properties and interactions of nuclei 
and the use of low energy techniques 
and instrumentation to study the 
fundamental properties and interac- 
tions of elementary particles. 





Or recent years this field has become 
increasingly dominated. by: the three 
‘pion factories’ at LAMPF (Los Ala- 
mos), SIN (Zurich) and TRIUMF 
(Vancouver) and this conference was 
no exception, with all three accelera- 
tors producing a flood. of papers on a 
very wide range of topics but with an 


Ir is difficult to test experimentally 
the effectiveness of r and K selective 
pressures in the environment. Most of 
the evidence which has accrued in 
support of this useful concept has 
been circumstantial. For example, 
plant ecotypes of disturbed habitats 
often produce more seeds per plant 
and have a lower mean seed weight 
than their equivalents in stable situa- 
tions (see Nature 262, 351; 1976) and 
it is reasonable that one should 
account for this by reference to the 
selective pressures imposed upon 
populations. In a situation where dis- 
turbance, or calamity is frequent, 
the individual. with» a capacity for 
rapid and abundant seeding is more 


likely to have its genés represented in 
subsequent generations; 

One of the clearest’ demonstrations 
of this in plants has been the work of 
Solbrig and Simpson on. dandelions 
(J. Ecol, 62, 473; 1974): In the trip- 


loid, apomictic species Taraxacum 
officinale, it ‘thas been possible to 
identify biotypes cytologically which 
are associated with different grass- 
land conditions. Biotype A is found to 
predominate in disturbed sites and 
produce a larger number of smaller 
seeds than biotvpe D, which is more 
common in stable, undisturbed grass- 
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emphasis on proton and pion interac- 
tions with nuclei. 

Of particular interest on the last day 
of the conference was a presentation 
of experiments from all three labora- 
tories on the rare decays of muons. In 
an introductory talk L. Wolfenstein 
(Carnegie-Mellon University) briefly 
reviewed the gauge theories of the 
weak and electromagnetic interaction 
which have evolved from the work of 
S. Weinberg (who also spoke earlier in 
the meeting on this topic) and A. 
Salam. Wolfenstein pointed out that 
recent suggestions of the existence of 
a third lepton could lead to a coupling 
between the muon and electron such 
that decays of the type u-e+y could 
occur, although at a very low rate 
compared with the normal decay 
Ketv, +P The question now is, do 
these rare decays occur? 

AH three laboratories presented 
status reports on experiments to 
measure the relative rate of the decay 
u—>e+y. The work is technically very 
difficult and much of the discussion was 
concerned with presenting the many 
checks and detailed arrangements re- 
quired to reduce the background to 
satisfactory levels and to ensure that 
any events seen which satisfied the 


land. Experimental work has shown 
that although the two biotypes have 
similar growth rates in pure cultures, 
when grown together biotype D is 
more productive and has a lower 
mortality (see Nature 252, 191; 1974). 
In other words, biotype D is more 
competitive in undisturbed experi- 
mental conditions. 

Solbrig and Simpson have now (J. 
Ecol. 65, 427; 1977) developed and ex- 
tended this experimental approach to 
the investigation of r and K selection 
by introducing a disturbance factor 


Disturbed 
environments 


from Peter D. Moore 








into their experimental conditions. 
Seven plots of 2 m by 2 m were estab- 
lished and each was divided into 
four. Of the four subplots, two were 
planted with a mixture of A and D 
biotypes of dandelion and the other 
two with pure populations of each 
of the biotypes( four plants in each 
subplot). Screens were erected to 
prevent seeding from one subplot to 
another. In two of the seven plots the 
entire above-ground vegetation was 
removed (from all four subplots) in 
the middle of the second and the 
third growing season. In two more 
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many selection criteria were true rare 
decays, The TRIUMF team have ob- 
tained an upper limit of 3.6x10°° at 
90% confidence for the relative rate. 
In a similar experiment at SIN in 
which 6.310" muons were observed. 
the upper limit obtained was 1.6 107". 
again with 90% confidence. In an 
attempt to reduce these levels even 
further a group at LAMPF led by 
H. L. Anderson are using a very high 
intensity muon beam with a magnetic 
spectrometer to detect the decay elec- 
trons. Running on the experiment has. 
now started and the results are eagerly — 
awaited. Re 

In a related experintent a group at 
SIN have been looking for interactions 
of the type #°+S—e*+X using a 
sulphur target and a streamer chamber 
to detect the electrons. Again no true 
events have been seen and with the 
very low backgrounds achieved the 
group are able to set limits of 4x 107” 
and 1X10°° for reactions leading. to 
electrons or positrons respectively. 

However it would be wrong to give 
the impression that work from ‘the 
three pion factories entirely dominated 
the conference. Measurements at 


electrons by "Pb with the cross sec- 


plots, the above and below ground’ 

biomass was removed after tilling the © 
soil (leaving only the residual seed in 

the soil). The remaining three plots 

were left undisturbed until the com- 

pletion of the experiment at the end 

of the fifth growing season. All 

dandelions were then dug up, typed» 
cytologically and weighed. 

The results after final harvest 
showed that biotype D dominated the’ 
undisturbed plots; 85% of the plants 
were D type and constituted 91% of 
the biomass. In the plots where aerial 
biomass had been removed on two 
occasions, the situation was reversed 
and type A was dominant (93% of 
the plants occupying 93% of the bio- 
mass). A similar predominance of type 
A was found in the plots where all 
dandelion material (excepting seeds) 
had been removed. Type A was res- 
ponsible for 92% of the plants and 
97% of the biomass. 

It seems therefore that the high 
competitive ability shown by biotype 
D in previous experiments indeed 
depends on no disturbance during 
the experiment. The balance 
between the two biotypes in a grass- 
land habitat is evidently controlled 
by the degree of disturbance experi- 
enced. These experimental data there- 
fore fully support the theoretical 
framework which is currently being 
assembled around the concept of r 
and K selection. 
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tions spanning 11 decades have given 
charge distributions, and hence proton 
density distributions which significantly 
disagree with some of the best theo- 
retical nuclear structure calculations. 
Measurements of electron scattering at 
high momentum transfer for non-zero 
spin nuclei give information on mag- 
netic scattering which arises essentially 
from a single nucleon. Recent measure- 
ments of the radii of the orbits of 
these nucleons are again found to be 
in significant disagreement with 
theoretical calculations. It seems to 
be once again back to the computers 
for the nuclear structure theorists. 
Studies of exotic atoms in which an 
electron is replaced by a heavier par- 
ticle such as a muon, pion, kaon, sigma 
hyperon or antiproton are in progress 
at several laboratories. A collaboration 
of groups from the Universities of 
Birmingham and Surrey and the 
Rutherford Laboratory using the kaon 
beam from the Nimrod accelerator 
(now unhappily due to be closed down 
next June) reported the first measure- 
ments of the effects of the strong 
nuclear interaction on the line-shapes 
and energies of X rays from sigma- 
hyperonic atoms. Much of the discus- 
sion in this field however was focused 
on attempts to observe X rays from 
p-p atoms where the usual electron 
in the hydrogen atom has been re- 
placed by an antiproton. Teams work- 
ing at CERN and Brookhaven have so 
far failed to see any evidence for X 
rays corresponding to 2p-1S atomic 
transitions. However a second team 
composed of physicists from CERN, 
Daresbury, TRIUMF and the Univer- 
sity of Mainz also working at CERN 
claimed preliminary evidence for the 
observation of X rays leading to the 
2p state. Theoretical calculations also 
presented at the meeting now suggest 
that the nuclear interaction in the 2p 
state may be such as to prevent the 
observation of 2p-1S transitions. 
Although the evidence for X rays 
from the p-p system is still contro- 
versial one of the groups at CERN 
presented some very direct evidence 
for the observation of high energy y 
rays from quasi-stationary bound states 
of the p-p system below threshold. 
Three narrow y-ray lines were observed 
using a very large Nal crystal for de- 
tection, The existence of states of this 
type was predicted several years ago by 
a group of Russain physicists and their 
discovery, together with that of narrow 
resonance in p-p interactions at ener- 
gies just above threshold will give an 
added impetus to attempts at both 
CERN and at the Fermi National 
Accelerator Laboratory in the USA to 
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produce intense beams of low energy 
antiprotons for experiments of this 
type. 

From these brief glimpses of just a 
few of the topics covered at the con- 
ference it can be seen that the dis- 
cussions ranged over a wide variety of 
subjects. At a time when the two dis- 
ciplines of high-energy (elementary 
particle) and nuclear (structure) phy- 
sics seem to be growing even further 
apart the conference showed that the 
two topics have not entirely lost con- 
tact and that a very fruitful and pro- 
ductive liaison still exists. o 


The truth about 
the lower crust 


from Peter J. Smith 


Wuat is the physical and mineral- 
ogical structure of the lower conti- 
nental crust? Several models have 
been proposed in the past, ranging 
from a fairly homogeneous layer of 
gabbro or basalt (based primarily on 
geophysical data) to a much more 
complex zone in which granulitic 
metamorphic rocks predominate 
(from geological evidence). Yet, local 
variations apart, both of these can- 
not be correct. Ultimately, all geo- 
chemical observations must be 
reconciled and integrated into a single 
consistent picture, which is what 
Smithson and Brown (Earth planet. 
sci. Lett. 35, 134; 1977) have now 
attempted to do. 

The ‘simplest and most important 
conclusion’ to be drawn from the 
new analysis is that the lower crust is 
certainly not homogeneous. Evidence 
for heterogeneity has been available 
for some time in the velocity varia- 
tions and anomalies revealed by seis- 
mic refraction studies. But what 
really clinches the matter, according 
to Smithson and Brown, is the exist- 
ence of numerous seismic reflectors 
in the lower crust. As they put it 
themselves; ‘With no speculative 
interpretation at all, these reflections 


demonstrate the presence of 
numerous interfaces and a much 
more complicated lower crustal 
structure than has previously been 
supposed.’ 


Indeed, things are more compli- 
cated than even the mere presence of 
reflectors would suggest, for indivi- 
dual reflectors usually lack continuity. 
Moreover, the lower crust must on 
average be ‘distinctly less mafic (and 
less dense) than gabbro’, partly 
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because most seismic velocities found 
there correspond to granulitic facies 
rocks from granitic to intermediate 
composition and partly because if the 
most mafic rock type to be expected 
there in general is gabbro, more fel- 
sic rocks must also be present in 
abundance to provide the contrasts 
giving rise to the reflections. 

What Smithson and Brown con- 
cluded from all this and more (for 
example, from direct observation of 
lower crustal sections now exposed) 
is that the lower crust can only be a 
complex series of metamorphic rocks 
interspersed with igneous bodies. 
Specifically, it probably comprises 
such rock types as granite gneiss, 
syenite gneiss, anorthosite, pyroxene 
granulite and amphibolite, all de- 
formed, interlayered with both sharp 
and gradational contacts, and 
intruded by granite and gabbro. In 
such a predominantly metamorphfc 
environment, isoclinal folding, abrupt 
changes in dip, distortion of layers, 
changes in layer thickness and igneous 
intrusion are only to be expected, 
offering an obvious explanation for 
the discontinuous reflectors observed. 

The age of innocence is over as far 
as the lower continental crust is con- 
cerned. As a few people have 
consistently maintained, the geo- 
physical simplicity has always been 
merely an illusion based on insuf- 
ficient data. Not that geophysical data 
will ever be sufficient. For as Smith- 
son and Brown point out, ‘if the lower 
crust is metamorphic, not even high- 
resolution seismic reflection studies 
will ever reveal the detailed structure. 
Complex fold patterns... are unlikely 
to be resolved by any geophysical 
method.’ 


The nucleolus 
at Salmanca 


from E. G. Jordan and U. E. Loening 


The Fifth European Nucleolar 
Workshop of the European Cell Bio- 
logy Organisation (ECBO) was held 
at the University of Salamanca on 
27 June~i July 1977, and was organ- 


ised by Professor Giménez-Martin 


and others from the Consejo 
Superior de Investigaciones Cienti- 
ficas (CSIC), Madrid. 


W. BERNHARD (Institute for Cancer 
Research, Villejuif) opened the work- 
shop with the hope that the many spec- 
ialities represented might be integrated, 
even if it was too early to speak of a 
synthesis, through a mutual respect 
and understanding between scientists. 
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The nucleolar rRNA genes provide an 
excellent system for studying tran- 
scription and gene organisation. The 
‘spreading technique’ for visualising 
transcription in the electron microscope 
was first developed using nucleolar 
genes by Miller and Beatty. It has now 
been combined with autoradiography by 
N. Angelier et al. (Centre de 
Recherche, Ivry Seine) and S. Fakan 
et al. (Cancer Research Institute, 
Lausanne) to study transcription in 
nucleolar genes from amphibia and 
non-nucleolar genes from mammalian 
cells respectively. Autoradiographs of 
the typical nucleolar ‘Christmas tree’ 
transcriptional unit gave two surprising 
quantitative results. First, genes which 
were morphologically identical never- 
theless showed different incorporation 
rates, indicating separate, single cistron 
control of the rate of transcription. 
Second, the latter part of the ‘Christ- 
mas tree’ covering the last third or so 
of the transcribed area showed no in- 
crease in the specific activity of the 
RNA. This may suggest that process- 
ing, the trimming of the transcript by 
nucleases, begins before termination. 

One outstanding question is whether 
there are different sets of ribosomal 
genes. U. Scheer (Cancer Research 
Centre, Heidelberg) presented evidence 
for several size classes of transcription 
unit within the same organism although 
the apparent length of consecutive units 
on the same DNA axis seemed very 
uniform. M. Buongiorno-Nardelli 
(Embryology Institute, Rome) showed, 
in Drosophila, that the ribosomal genes 
of the same size class occur adjacent to 
each other in blocks and only selected 
size classes are amplified. Not only may 
the spacers and transcription units be 
different in length, but further con- 
firmation that the rRNA precursor may 
be heterogeneous was again forth- 
coming. Scheer confirmed that the 
molecular weight of the pre-rRNA did 
not always agree with the transcript 
length and was sometimes hetero- 
geneous. Supporting Scheer’s electron 
micrographs D. Rungger and M. Crippa 
(University of Geneva) provided 
evidence that it is possible to detect 
RNA which hybridises to cloned ribo- 
somal spacer DNA and that longer 
transcripts than the 40S pre-rRNA in 
Xenopus can be detected when pro- 
cessing is inhibited by fluorouridine. 
This suggests that transcription some- 
times runs into the spacer. 

A lively round-table discussion tried 
to put these and other results together: 
it is still not possible to define the pri- 
Mary transcript exactly since the pre- 
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rRNA may already be partially pro- 
cessed; no triphosphates have been 
found at the 5’ start of the precursor; 
there may be some variability or multi- 
plicity of initiation sites and read- 
through into the spacer, and perhaps a 
sliding or non-transcriptional move- 
ment or relocation of the polymerase 
carrying the RNP fibril. The mech- 
anism and control of transcription of 
the ribosomal genes is clearly far from 
being understood despite the large 
amount of established data. The failure 
to find initiation in vitro with isolated 
nucleoli does not at present clarify 


anything. 
However, as on every previous 
occasion, possible candidates for 


«enzymes which process the precursor 
were described. M. Muramatsu (Tokyo 
University) had one; I. Grummnt (Max- 
Planck-Institute, Munich) in collabora- 
tion with R. Crouch and S. Hall 
(National Institutes of Health, 
Bethesda) described a purified enzyme 
from the nucleolus which cleaves 
double-stranded RNA and converts the 
45S precursor into distinct cleavage 
products; it is inactive under the con- 
ditions usually used for in vitro tran- 
scription by nucleoli. Perhaps this time 
a real processing enzyme has been 
identified. The spreading technique also 
provides evidence for the absence of 
nucleosomes in the nucleolar tran- 
scription complexes, which have the 
same length as measured on purified 
DNA (Scheer). This can be reconciled 
with the biochemical evidence for the 
presence of histones in the transcription 
complex by the idea that the nucleo- 
some is a dynamic structure (reviewed 
by T. Tsanev (Bulgarian Academy of 
Sciences)) whose components may be 
rearranged in certain conditions. This 
would allow the conclusion that all the 
histones are present and arranged in 
units which can readily associate to 
form nucleosomes but which are sen- 
sitive to detergent and may only appear 
as a 3-nm fibril in spread preparations. 

A clue to the way histones and nucleo- 
somes might regulate transcription was 
presented by H. Busch (Baylor College 
of Medicine, Texas). By comparing the 
protein patterns from chromatin from 
active and inactive nucleoli he has 
discovered four proteins which 
markedly decreased in active chrom- 
atin. One of these proved to be a 
branched molecule containing a com- 
plete H2A sequence linked to the pro- 
tein ubiquitin, One-fifth of the nuclear 
H2A could be accounted for in such 
molecules. He postulated that such a 
molecule in this proportion might easily 
have a key role in transcriptional regu- 
lation through the linking of nucleo- 
somes in the stabilisation of the super- 
coils in condensed chromatin. 

Various reports showed that both 
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HnRNA and nucleolar RNA synthesis 
is located at a cytological boundary. 
For HnRNA this is between dense and 
diffuse chromatin; for rRNA it is at the 
surface of the nucleolus organising 
region within the nucleolus. 

Several speakers addressed the prob- 
lem of how pre-messenger RNA is 
transported to the cytoplasm. It 
appears that it is wrapped in a wide 
variety of proteins, transported to the 
cytoplasm through the nuclear pore and 
there stored as protein-bound RNA or. 
used immediately on polysomes. S, 
Penman (Massachusetts Institute ‘of 
Technology) described a cytoskeleton 
(See Cell 10, 67; 1977) on which all 
cellular RNP is apparently trans- 
located within the cell. Penman 
believes that this cytoskeleton provides 
a morphological explanation for the 
rapid interference with processing and 
translocation when transcription is in- 
hibited and also accounts for the fact 
that RNA is never ‘free’ in the cell. 

Support for the idea of such a cyto- 
skeleton was provided by U. Lönn 
(Karolinska Institute, Stockholm) who 
reported microdissection experiments 
on the cytoplasm of polytene cells 


A hundred years ago 


Some of our readers may like to know 
that, as might have been expected, the 
three rhinoceroses now exhibited in the 
Alexandra Park are specimens of the 
African Black Rhinoceros (Rhinoceros 
bicornis). This species is extremely un- 
common in menageries, and we have 
heard of no other in this country except 
the fine adult male now living in the 
Zoological Societys Gardens in 
Regent’s Park. 


It is perhaps a fortunate thing that our 
politicians, like the Chancellor of the 
Exchequer and Mr. John Bright, are 
beginning to concern themselves in their 
public addresses with science as well as 
art. With reference to Mr. Bright’s 
recent address, as the Times remarks, 
if his hearers complain that they have 
not been told much about either science 
or art, we can only say that we agree 
with them, and that we deplore our 
common loss. In the coming time it is 
to be hoped that public speakers, like 
Mr. Bright, will know better what 
science really is than they seem to do 
now. 


from Nature, 14, 27 September; 1876. 
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which showed a gradient of ribosomes 
from nuclear envelope to plasma mem- 
brane, with the oldest ribosomes fur- 
thest from the nuclear membrane. 
The discovery of a very specific 28S 
rRNA nicking enzyme in erythrocyte 
cell membranes (M. Herzberg, Bar-Ilan 
University, Israel) fits with the idea that 
the lifetime of a ribosome is the time it 
takes to traverse this gradient. 

The old idea of a link between the 
transport of messenger and ribosomal 
RNA which implies a role for the 
nucleolus in all RNA transport was 
supported by a report from S. Ghosh 
(Cancer Research Centre, Heidelberg) 
who showed that RNA transport was 
much lower in the absence of a nucleo- 
lus in artificially produced multi- 
nucleate cells. 

It might be that the dogma that RNA 
polymerase A is confined to the nucleo- 
lus and polymerase B to the nucleo- 
plasm does not hold any more. Penman 
questioned the former and a report 
from M. Laval (Cell Pathology 
Laboratory, Paris) using high resolu- 
tion autoradiography. found evidence 
for polymerase B activity within the 
nucleolus. Such observations and a 
possible function in the transport of 
RNA make us cautious in limiting the 
role of the nucleolus to ribosome 


Cancer conference in 


from T. B. Tang 


A NATIONAL retrospective survey of 
cancer deaths is being compiled in 
China, on a scale which is probably 
unique hitherto. The investigation be- 
gan in 1971 and was started first as a 
pilot project in Lian-axian in the north 
of Honan Province. That county is 
inhabited by some 110,000 people and 
has a high incidence of oesophageal 
cancer. The survey established that 
over a 30-year period the toll taken 
by the disease had been constant each 
year, at an annual average of between 
l and 1.5 per thousand. This is despite 
significant emigration and immigra- 
tion into the district and improvement 
in living conditions since 1949, suggest- 
ing that the main contributory factors 
to this cancer are environmental. 

The work has been subsequently ex- 
panded to cover the 50 million people 
living in Peking and three provinces of 
North China. Then. on the basis of 
experience from this extended survey, 
the incidence of a number of impor- 
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manufacture. 

Several speakers provided evidence 
that the so-called ‘fibrillar centres’ in 
animal cells and the lacunae of 
nucleoli in plant cells are in fact nucleo- 
lus organising regions. These reports 
precipitated a special session to discuss 
nucleolar nomenclature and agreement 
was reached that evidence for the 
presence of DNA in the fibrils of the 
pale staining regions, especially that 
from cytochemistry and autoradio- 
graphy, and the presence of a synap- 
tonemal complex at meiosis, justified 
abandoning the various vague and mis- 
leading terms ‘fibrillar centre’ ‘pars 
amorpha’ or ‘lacunae’ in favour of the 
nucleolus organising region. Bernhard 
observed that this represented an 
important advance since the last nucleo- 
lar workshop in 1975 in our progress 
towards an understanding of the nucleo- 
lus. It clarifies much of the earlier 
work and suggests a unifying concept 


for the interpretation of nucleolar 
ultrastructure. 
Certainly this meeting will be 


remembered for the atmosphere of 
quiet scholarship in the midst of this 
beautiful old University city, and for 
considerable success in correlating 
structural with biochemical findings on 
the nucleolus and nucleus. 


China 


tant cancers was investigated nationally 
by the Academia Sinica. This pro- 
gramme involved eight of the Aca- 
demia’s research institutes and the 1.8 
million barefoot doctors in the country- 
side. Up to now 500 milion people 
in 16 provinces, municipalities or 
autonomous regions have been covered, 
and the research is still going on. 

It is therefore interesting to note 
that, at the beginning of July, a 
national conference was held in Peking 
on the epidemiology of malignant 
tumours (Hsinhua News Agency, July 
26: Tai-kung-pao, September 4, special 
report). Some 300 workers attended, in- 
cluding delegates from regional cancer 
research institutes, rural barefoot doc- 
tors, and practitioners of both tradi- 
tional Chinese medicine and Western 
medicine. Experience was exchanged 
and summed up, theses were put for- 
ward and debated on, and before the 
meeting concluded a work programme 
for 1977/80 was mapped out. 

Carcinoma of the oesophagus re- 
mained one of the main concerns at 
the conference. Significant advances 
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were reported in its diagnosis at an 
early stage. The test consists of the 
examination of oesophageal cell scrap- 
ings which are collected by a single- 
lumen tube or a double-lumen tube 
with an abrasive balloon (both of 
Chinese improved design). These on- 
the-spot techniques have made possible 
mass screening of patients, and the 
probability of detecting carcinoma in 
its early stages is now better than 90%. 
Its incidence in various areas of cen- 
tral and southern China has been 
correlated with possible carcinogenic 
factors such as local climatic condi- 
tions, hydrogeology, soil types and trace 
elements, diet and particular life-style, 
In some areas, which now serve as 
bases for experiments, the populace 
are voluntarily attempting to reduce 
their intake of nitrosamines and their 
precursors (suspected of contributing 
also to cancers of the bladder, kidney, 
liver, stomach and nasal sinuses), to 
minimise fungal contamination of 
food and to apply ammonium molybdate 
as fertiliser (nitrates and nitrites in 
food are suspected of being precursors 
to the nitrosamines), and the effects 
of such measures are being monitored. 
The principle ‘put prevention first’, it 
was emphasised, was paramount in the 
running of the Chinese health care 
system. 

Another main topic of discussion was 
liver cancer. The method for its de- 
tection most widely used in China is 
the serum «-foetoprotein assay, which 
requires only a drop of blood from 
the individual’s ear or finger. Great 
success has been achieved in its early 
detection; specimens of it have been 
obtained which have not grown larger 
than 0.5mm. In areas where it is 
common, efforts have been made to 
prevent mould contamination of food 
and improve drinking water, and to 
ensure early treatment of hepatitis by 
medical education. Other topics 
covered included the viral aetiology of 
nasopharyngeal carcinoma, to which 
southern Chinese people are particu- 
larly prone. Some medical workers re- 
ported that they have prepared several 
lymphoblastoid cell lines and found 
Epstein-Barr virus, and have success- 
fully established an epithelioid cell line 
of the carcinoma. 

Part of the conference was also de- 
voted to cancer therapy and pharma- 
cology. Over the past few years the 
Chinese claim many new anti-tumour 
drugs have been discovered. With the 
help of traditional medical knowledge 
some effective anti-cancer drugs, espe- 
cially N-formylsarcolysine and cepha- 
lotaxine ester, an alkaloid extracted 
from the plant Cephalotaxis fortunei, 
have been identified and their effec- 
tiveness is now being assessed in clinical 
practice. QO 
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review article 


Recent developments in phase transitions 
and critical phenomena 
David R. Nelson* 








Universal dimensionless numbers characterise singularities at the critical point inmagnets, binary mixtures 
and alloys, superfluids, and in a variety of other systems. A desire to understand these numbers has 
stimulated a significant breakthrough in the analysis of statistical mechanical partition sums. Critical 


phenomena can now be understood in terms of universality, Hamiltonian flows, and renormalisation group 


recursion relations. 





PHASE changes of matter in thermodynamic equilibrium are often 
accompanied by sharp discontinuities in quantities such as the 
magnetisation in a ferromagnet, the density in a liquid-vapour 
system, or the concentration in a binary mixture. Usually, these 
phase transitions can be made continuous by adjusting some 
external parameter such as the temperature. The point at which the 
discontinuity vanishes is called a critical point. At temperatures 
above the critical point, the spontaneous magnetisation of a 
ferromagnet is zero, the liquid and vapour phases ofa fluid become 
indistinguishable, and the chemical species present ina binary fluid 
mixture are completely miscible. One usually associates the 
discontinuities below the critical temperature with some sort of 
broken symmetry! >. 

Although critical points were discovered in the nineteenth 
century, they have been the focus of particularly intense scientific 
investigation during the past few decades’, A rather precise 
characterisation of critical point singularities by experiments? and 
perturbation techniques such as high temperature series expan- 
sions’ was followed by a detailed theory due to Wilson®. In this 
review, | shall describe Wilson's renormalisation group approach 
to critical phenomena, and illustrate its utility with examples 
chosen from the recent literature. 

The spontaneous magnetisation and susceptibility of a fer- 
romagnet are plotted schematically in Fig. 1. Below the Curie 
temperature, a substance such as iron or nickel will support a 
spontaneous magnetisation Mol T), which accounts for the well 
known magnetic properties of these substances. As the tempera- 
ture is raised, however, the magnetisation drops to zero at T, as 
shown in the figure. The magnetic susceptibility in zero field, 
Xo(T), which is a measure of the response of the magnetisation 
to a small magnetic field. actually diverges to infinity as one 
approaches the Curie temperature from above or below. 

The extraordinary thing about the anomalies shown in Fig. 1 is 
that they seem to be universal. That is, a wide variety of 
ferromagnets displays spontaneous magnetisations which tend to 
zero and susceptibilities which apparently diverge in precisely the 
same way. Despite differing chemical compositions, lattice struc- 
tures, and Curie temperatures, one finds that Mo( T) behaves as 


MT) ~ [T= T” (1) 


near Z.. while Xo (7) diverges according to 
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where the critical exponents f and y are essentially the same for all 
magnets. A second curious fact is that the universal numbers pand 
y are not simply one-half or unity. although most simple theories 
lead evitably to these values’~?. In fact, experiments* and evidence 
from high-temperature series expansions* suggest that f and } lie 
in the ranges, 


0.31<56<038 125 <7 < 1.38 (3) 


in most substances. Although equation (3) indicates some vari- 
ation in the observed values of f and y, it now seems that magnets 
with the same symmetry should have precisely the same ex- 
ponents: that is, if we imagine that a magnetic crystal is deseribed 
by a lattice of classical spin vectors (see Fig. 2a), there is a weak 
dependence of critical exponents on the number of spin com: 
ponents n which actively participates in the phase transition. The 
number of such spin components is related to the symmetry group 
of the crystal. ae : 
The universality of critical phenomena is not. limited to fer- 
romagnetism. Analogous quantities to the magnetisation and 


Fig. 1 The magnetisation M (7) and zero field susceptibility yot Tote 

a ferromagnet. The magnetisation goes to zero at the Curie tempera~ 

ture T., while zo (7) diverges as this temperature is approached from 
above or below. 
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Fig. 2 Kadanoff block scheme. Dashed lines enclose groups of spins 

on lattice (a), which is at temperature T. Out of each block, we 

construct a collective spin variable by integrating over the internal 

degrees of freedom. The new spin degrees of freedom populate a 

lattice (+) with twice the old lattice spacing, and interact as if they were 
at temperature 7”. 


susceptibility exhibit singularities at the critical point of liquid—gas 
systems, binary mixtures, and alloys, at the 4-transition in 
superfluid helium, and at the Néel temperature in antiferro- 
magnets'~>, Exponents such as $ and y which characterise the 
anomalous behaviour are very close to the numbers found for 
ferromagnets. A variety of other exponents can be defined for 
systems near a critical point, and they, too, seem to be universal. 

The behaviour of a liquid—gas system near its critical point is 
particularly striking. The fluid suddenly becomes milky and 
opaque, and scatters laser light intensely in the forward direction. 
It seems clear that some sort of cooperative phenomenon is taking 
place, and that the particles of fluid are strongly correlated over 
distances comparable with the wavelength of the laser light. The 
correlation length ë (T) of the fluid, which is a measure of the 
cooperativity, is expected to diverge strongly at T, 


Ps (P= Tl" (4) 


The exponent v is in the range 


Fig. 3 Approximate recursion relation forn = 1 or Ising spins, with 

a fixed point at 7* = T, = 2.98. The ‘ladder’ construction shows 

successive temperatures produced by repeated iterations of the 

transformation. The slope of the function T' (7) through its fixed 
point is related to the critical exponent v. 
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in most substances. 

Where do the universal exponents $, y, and vcome from? What is 
their precise numerical value? Can we account for slight variations. 
ifany, in J, y, and v from system to system? A desire to answer these 
puzzling questions culminated in a major breakthrough in 1971. 
Wilson’s renormalisation group theory of critical phenomena’. 
Building on work by Kadanoff’, Wilson showed why the ex- 
ponents were universal and how to calculate them. In doing so, he 
placed at the disposal of condensed matter physicists a powerful 
mathematical tool, the renormalisation group. 


Kadanoff blocks and lattice renormalisations 


If critical exponents are indeed universal, one might hope to 
understand them using only a very simple model of magnetism. 
Consider for concreteness a d-dimensional hypercubical lattice 
populated with fixed length, classical spin vectors S, (see Fig. 2). To 
each configuration {S;} of spins we assign an energy, 


HUSi}] = —J_E_S,S, (6) 
<ij> 


where iand j label the sites of the lattice, and the sum is restricted to 
nearest-neighbour pairs of spins. Each spin has n components, 
where n can be different from d, the dimensionality of space. 
According to the rules of statistical mechanics, the macroscopic 
properties of such a system follow from a calculation of the 
partition function, 


z= Tr exp(—fH{{S;3)) (7a) 
{S;} 
i 
Tr exp(—_=_S,S, 
Fp Bes A 


In passing from (7a) to (7b), we have combined f (not to be 
confused with acriticalexponent!)and thecouplingconstant Jinto 
a dimensionless ‘temperature’, T = 1/B/. The trace operation (Tr) 
means an integration over all spin configurations {S,} consistent 
with the fixed length requirement, namely 


IS| = Lalli (8) 


The partition sum (7) can be computed exactly in one dimension 
for all values of n (ref. 8) but does not exhibit a finite temperature 
phase transition. Onsager obtained the partition function in two 
dimensions? for the special case of the Ising model, or n = 1. 
Onsager’s work, which remains today a true mathematical four de 


force, eventually led to the exponent predictions'~? 








i ] 9 
y 4 * v ( ) 


An analytical evaluation of (7) for other values of 7 and d seems to 
be a hopeless task. 

Rather than attempting to evalute (7) exactly, we can, in fact, 
make progress by merely thinning out the spin degrees of freedom 
slightly. To do this, we follow the original suggestion of Kadanoff" 
and group the spins on the original lattice (which is at temperature 
T) into blocks as shown in Fig. 2. With some ingenuity, it turns out 
to be possible to integrate approximately over the internal degrees 
of freedom within each block. We are then left with a new statistical 
mechanical problem with twice the lattice spacing. Provided the 
interactions between spins in the new lattice are of the same form as 
in the old, couplings in the new lattice can be characterised simply 
by a new temperature 7". 

This sort of program was first carried successfully for Ising 
(r= 1) spins on a triangular lattice by Niemeyer and van 
Leeuwen”. A very primitive version of their transformation gives 


a relationship between the new and old temperatures. namely!” 


i ss ; f 
T= 5 Teh + 3° LDT peT UT)? (10) 


Equation (10) is depicted graphically in Fig. 3, together with a 
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‘ladder’ construction which shows how the temperature changes 
with repeated iterations of the transformation. The recursion 
formula (10) has a fixed point at 7* = 2.98. and it seems natural 
to identify this isolated point with the Curie temperature T, of the 
spin system. 

Wecan see the utility of this procedure of ‘thinning out’ spins as 
follows: even an approximate calculation of partition function (7) 
is difficult near T, because of the large correlation length &(7) in 
this region. Note from Fig. 3, however, that the renormalisation 
transformation increase temperatures which, initially, are slightly 
above T.. By repeatedly applying the transformation (10), we 
can relate a difficult calculation near T, to a more tractable high 
temperature problem. A very accurate calculation of the partition 
sum (7) is possible. at high temperatures by expanding in powers of 
1/T. No information about Z is lost during the thinning out 
procedure, because there is a very precise relationship between the 
partition function calculated at temperature T, and the cor- 
responding quantity calculated at temperature T” (refs 6 and 
10-12). In a similar fashion, we see that the transformation (10) 
decreases temperatures initially slightly below T,, and eventually 
produces a more manageable (low temperature) pr oblem. 

As emphasised by Wilson'*, the physics behind a re- 
normalisation transformation isin the reduction of the correlation 
length. Ifthe lattice spacing is changed by a factor b by the thinning 
out process, it follows the correlation length transforms according 
to'* 


(TT) = &(1)/b (11) 


For the square lattice spin system shown in Fig. 2,b = 2, while for 
the triangular lattice of Niemeyer and van Leeuwen (it turns out 
that)'°b = y3. Equation (11)can be used in conjunction with (10) 
to produce a critical exponent. Near the fixed point 
T* = T, = 2.98, equation (10) can be written in the approximate 
form, 


T =T, = b8 (T-T) (12) 


which when combined with (11) gives a functional equation for 
o(T- T.). 


&T-T,) = befb?*? (T= T.) (13) 


It is easy to check that the solution of this functional equation is 
aT) ~ |T- T. “with v = 1.12, which is not too different from the 
exact result v = 1.0. 

In more sophisticated calculations , it is not possible to 
describe a renormalisation transformation in terms of a single 
coupling constant. More complicated couplings such as next- 
nearest-neighbour and multispin interactions are generated after 
one iteration. When these extra couplings are taken into 
account!®-!5~!8 theynot only produce more accurate estimates of 
critical exponents, but ‘also provide a qualitative explanation of 
universality: if several couplings are included in the calculation, 
the renormalisation transformation can be viewed as a mapping of 
one Hamilton on to another in a multidimensional coupling- 
constant space. As Tis adjusted towards T,, it turns out that any 
initial set of couplings ‘flows’ toward a unique fixed point under 
repeated applications of the transformation. Just as in the one- 
interaction-constant example, critical exponents are related to 
eigenvalues of the transformation about this fixed point. We are 
led to the conclusion that the exponents are independent of the 
precise values of the initial couplings, and depend instead on the 
‘universal’ properties of the fixed point. 

Calculations by the Kadanoff block method for Ising spins have 
now become quite refined. Niemeyer and Van Leeuwen!® pre- 
sented a series of cluster approximations to an exact transfor- 

_ mation which seems to converge to the exact results of Onsager. 
Wilson! carried out renormalisations on a square lattice keeping 
track of 217 different interaction constants, and obtained critical 
exponents accurate to better than 1%. Kadanoff has proposed a 
variational principle! ’-? which, when coupled with a simple block 


10,15-18 
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spin transformation, gives exponents accurate to 0.1% in two 
dimensions, and results competitive with high temperature series 
expansions in three dimensions! 

Despite some initial success, this field is still in its infancy. The 
principal achievement of the block spin analysis so far (beyond 
providing an intuitive understanding of universality) has been to 
reproduce the results of Onsager and high temperature series 
expansions. Nevertheless, lattice renormalisation groups may 
eventually become a powerful computational tool, similar to 
various methods used to evaluate integrals numerically in ordinary 
calculus. The partition sum (7) can be viewed as a complicated 
functional integral which until now could only be computed in a: 
few fortuitous cases. Renormalisation theory suggests that such 
sums can be evaluated routinely and very accurately at any 
temperature, without relying ona mathematical tour de force such 
as Onsager’s solution? of the two-dimensional Ising model, 


Continuation in dimensionality 


Wilson has characterised developments in the theory of critical 
phenomena as a “search for analyticity™. The idea is to find a 
mathematical framework in which critical point šingularities are 
described by smooth, analytic functions. Landau’? proposed that 
critical phenomena could be understood in terms of an analytic 
expansion of the free energy in powers of a local magnetisation 
variable. Although Landau’s theory has led to a qualitative 
understanding of a wide variety of critical points, the exponent 
predictions disagree with experiments!” i 

The proposal that critical points can be understood in terms of 
analytical recursion relations® seems to be the correct modificatior 
of Landau’s theory. The method of construction (‘thinning out’ 
degrees in freedom) virtually guarantees that the recursion 
relations will be analytic at finite temperatures. Wegner!” has 
shown that a wide variety of critical point singularities follow from 
the analyticity of recursion relations about a fixed point. 

Perhaps the most useful analyticity property of recursion | 
relations is that they are remarkably easy to continue in dimension- 
ality. The original continuation of Wilson and Fisher into 4~¢ 
dimensions (Landau’s theory turns out to be correct above d = 4) 
led to quantitatively accurate estimates of exponents in three 
dimensions, and to a detailed understanding of a wide variety of 
complicated critical point phenomena. The formulas for Band y as 
a function ofn and d (d < 4)are?!:?? 





w Boe (n+2)(2n+1) 5 
ea Ga eye O ta 
abpa tA (n+ 20? +227 +52) 2 
e eea 


Although expansions like theseine = 4 — d (and, toa lesser degree, 
expansions in 1/7) >75 probably represent the most powerful and 
versatile application of Wilson’s theory, this work has been 
extensively reviewed elsewhere!*-?°~28, We shall turn instead to 
more recent investigations of critical points in 2 + ¢ dimensions. 


Critical phenomena in (2 + £) dimensions 


Toa first approximation, the action of a renormalisation group on 
a Hamiltonian can be compared with the motion of a ball rolling 
down a hill®. One assumes that the differential change in tempera- 
tured7 = T — Tassociated with a block spin transformation that 
changes the lattice spacing by a factor d/ = db/b is described by a 
potential function V(T) (ref. 6) 


aM) __ avin) D 


Here, d/is an infinitesimal change in the logarithm of the Kadanoff 
block size, and T = 7(/) is the effective temperature produced by 





| 


| 


Fig. 4 Potential function F(T) for fixed length spins in 2 +£ dimen- 

sions, with esmall and» > 3. Hamiltonians initially to the right of T, 

‘roll’ toward higher temperatures, while systems with temperatures 
less than T, roll toward a zero temperature fixed point. 


blocks of size b = e'. Although a differential change in the block 
size is hard to visualise, it turns out to be fairly easy to effect this 
transformation mathematically. 

Recent studies of the fixed length spin Hamiltonian (7) near two 
dimensions?°7** provide a particularly simple realisation of these 
ideas. The potential (7) has now been calculated by using a low- 
temperature spin-wave theory, with the result??? 


l ap a-2 
KT) = d- JP- +... (16) 
2 6n 


As shown in Fig. 4, Hamiltonians at temperatures initially to the 
right of the crest in this potential roll toward high temperatures, 
while Hamiltonians at lower temperatures roll toward the min- 
imum at T = 0. There is no oscillatory motion about this 
minimum because the ‘equation of motion’ (15) contains only one 
derivative in the time-like parameter, /. 

This is precisely the behaviour we found using the discrete 
recursion formula (10), and it is natural to associate the crest of the 
potential hill with the critical temperature, 


T, = 2n(d—2)/(n—2) (17) 


In contrast to the n = 1 or Ising model, T, tends to zero as d 
approaches two from above for n 2 3. Linearisation of the 


equation (15) about the maximum in the potential leads to the 
9-31 


correlation length exponent prediction? 


= 
a 
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l 
F Sout a pangs | 
Y= gap ll + Od-20 (18) 


Higher order corrections to this result. are determined in ref. 31. 

Note that for the interesting case of an XY model (n = 2) in 
precisely two dimensions, the potential (16) is perfectly flat. This 
result (which holds to all orders in T) suggests that such a system 
would exhibit a line of critical points with continuously variable 
critical exponents*5~3°. Work by Berezinskii*” and by Kosterlitz 
and Thouless**-?° gives convincing evidence that this line actually 
ends at some finite temperature. Renormalisation group flow 
patterns for the XY model obtained using a more sophisticated 
theory by Kosterlitz?’ and later by José er al.*° are plotted in Fig. 5, 
which shows the motion of the temperature coupling 7(/) together 
with the motion of a new parameter 3(/), which gives the 
probability of a vortex pair excitation in the system. These flows 
suggest that vortices become unimportant at low temperatures, so 
that spin-wave theory (which neglects vortices) should be qualit- 
atively correct in region I. The instability. in the flows in regions H 
and HI, however, suggests a finite temperature transition into a 
phase not describable by spin-wave theory. It is possible that this 
bizarre phase transition may actually be observable in superfluid 
+He films. 


Concluding remarks 


We have seen that the renormalisation group is a rather powerful 
and sophisticated tool for understanding the behaviour of matter 
near acritical point. Much of the progress in this area resulted from 
a rather fertile interaction of statistical mechanics with quantum 
field theory, where the renormalisation group was first de- 
veloped*!. Renormalisation groups constructed for problems in 
statistical mechanics may eventually be of some use in understand- 
ing certain lattice quantum field theories*?. 

Modern renormalisation theory may also be useful in other 
areas of condensed matter physics. Anderson*? and Wilson! * have 
applied renormalisation group ideas to the Kondo problem, while 
Licciardello and Thouless** and Wegner** have used these 
techniques to study localisation in metals. Equilibrium time- 
dependent critical phenomena have been successfully treated*® 
using Wilson's ideas, and there is now some effort to extend these 
techniques to non-equilibrium problems. One might hope that 
they would be of some utility in understanding, for example, 
properties of turbulent fluids at high Reynold’s number. 

Much of my understanding of static critical phenomena is the 
result of stimulating interactions with Michael Fisher, Kenneth 
Wilson, and Leo Kadanoff. 

This research was supported in part by the National Science 
Foundation. 


Fig. 5 Hamiltonian flows for the two-dimensional XY 
model. The flowlines show the motion of the coupling 
constants T and y under repeated iterations of a re- 
normalisation group transformation. The parameter y 
measures the probability of exciting a vortex pair in the 
system. The flowlines are both attracted and repelled by a 
line of fixed points at y = 0. Two separating trajectories 
divide the plane of possible Hamiltonians into three 
distinct regions. Vortices are unimportant to the critical 
properties in region I, but become increasingly important 
in regions H and HIL 
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The Mediterranean Sea became isolated from the world 
ocean in the late Miocene and underwent a ‘crisis of 
salinity’ during which vast deposits of evaporites were 
laid down in pre-existing depressions. The final connec- 
tion with the Atlantic is believed now to have been the 
Betic Strait entering into the Mediterranean from 
Andalusia, Spain. Although the closing of this connec- 
tion, known as the Iberian Portal, is related to large- 
scale plate movenrents which brought Africa into direct 
contact with southern Europe, its final severing may 
have resulted from glacial-eustatic lowering of the global 
ocean, Further stratigraphic resolution of late Miocene 
sea-level and ice-volume changes is sought to verify the 
eustatic-fall hypothesis. 





RECENT research, particularly that of specialists contribut- 
ing reports on the DSDP legs 13 (refs 1, 2) and 42A (ref. 
3) has revealed the existence of 1.5-2km of evaporites 
throughout the deep Mediterranean basins and has strongly 
supported Ruggieri’s’ suggestion that a ‘crisis of salinity’ 
overwhelmed: the faunas of the ancient Tethys Sea in latest 
Miocene (Messinian) time some 6.5-5 Myr ago (Fig. 1). 


The salinity crisis occurred after the western Tethys lost 
its last connection with the Atlantic about 6.2 Myr pp (ref. 
5), its connection with the Indo-Pacific having been severed 
at about the end of the Early Miocene® some 10 Myr earlier. 
The Iberian Portal, as the hypothetical last connection 
with the Atlantic is often known, must have existed some- 
where between the Iberian Meseta and the Moroccan 
Meseta and could have been any one of the former Betic, 
Gibraltar, or Rif straits, although Benson’ now believes 
that its connection to the Atlantic lay across Andalusia and 
was therefore the northernmost of the three passages. 
Isolation of the ancient Mediterranean from the world 
ocean resulted in the precipitation of more than 10° km’? of 
gypsum, halite and other salts from a volume of seawater 
estimated to be equivalent to thirty times that contained 
in the present Mediterranean basins’. 

The connection between the Atlantic and the Mediter- 
ranean may have been broken by plate movements bringing 
Africa into direct contact with southern Europe? or by 
uplift of the sea floor associated with the Alpine Orogeny 
(doubtless two aspects of the same basic process). It is 
possible, however, that the final separation of the Mediter- 
ranean from the Atlantic could have been brought about 
by a fall in the level of the world ocean” or by a combina- 
tion of local uplift of the Iberian Portal and global eustatic 
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Fig. 1 The Miocene/Pliocene stratigraphic interval with position of stage boundaries and the Mediterranean salinity crisis relative to world 
ocean biostratigraphic zones, various climatic events, erosional gaps in shallow-water formations and regressive sequences discussed in 


the text. 


oscillations. We examine here the evidence for eustatic 
change without implying that it was the only major physical 
process associated with the Messinian Salinity Crisis or that 
it was necessarily the most important. 

The Gibraltar Sill has a depth of 320m at present. This 
is sufficiently shallow to keep cold, deep Atlantic waters 
out of the Mediterranean, but not so shallow as to prevent 
the reflux of a higher salinity (38° ,) intermediate water 
mass as a consequence of excess evaporation over river run 
off and precipitation in the Mediterranean region". Despite 
its great depth (> 3,000 m in places) the modern Mediter- 
ranean is thermospheric, that is, its bottom waters are every- 
where warmer than 10°C. Oceanic bottom waters on the 
other hand are psychrospheric, that is, 10 °C or less at depth. 
Some sediments of Eocene to Middle Miocene (Ser- 
ravallian) age in the Mediterranean area contain psychro- 
spheric ostracodes which, according to Benson’, have their 
upper depth limits closer to the 8 °C than to 10 °C isotherm 
while those of Late Miocene (Tortonian and Messinian) age 
do not’. The marine sediments of latest Miocene age 
can therefore be regarded as deposits of a thermospheric 
sea. 

The salinity crisis could not have been initiated until 
the Iberian Portal became shallow enough to cause the 
Mediterranean progressively to concentrate salt as a con- 
sequence of ending the present-day type of brine reflux. 
Once this stage was reached communication through the 
Iberian Portal would essentially be one way, and the 
balance between rate of supply and the rate of evaporation 
would dictate when and if drawdown would start in the now 
isolated Mediterranean’. Normal or near normal marine 


planktonic faunas would perhaps persist for some time until 
increasing salinity led to their ultimate disappearance as 
when the Red Sea became isolated from the Gulf of Aden 
at 22,000 Bp during the last ice age". 

Before the total isolation of the Mediterranean, the 
Iberian Portal might have been a wide, shallow channel 
through which a permanent current flowed from west to 
east. One of us (W.B.F.R.) suggests that in response to 
eventual drawdown of the Mediterranean, the portal may 
have evolved into a series of interconnected marine water- 
ways lying at different base levels relative to the Atlantic 
and separated by cataracts. Evaporation along the route 
through the portal may have been minimal accounting for 
the observation of H. Dronkert in the Vera Basin of 
southern Spain of shallow-water corals and biotherms sand- 
wiched between Messinian gypsum with bird tracks on 
bedding planes” and deep-water pelagic marls and turbidites 
containing Globorotalia conomiozea’. Parts of the cascad- 
ing passageway would eventually have been subjected to 
tectonic modification and subaerial erosion before its rem- 
nants were filled with Pliocene or later marine sediments. 

There are several supposedly continuous Miocene/ 
Pliocene marine successions in the Mediterranean region 
(Chelif Basin, Algeria; the circum-Troodos area of Cyprus; 
and the central and western parts of Crete) which on 
present evidence do not seem to support the deep basin 
desiccation hypothesis as formulated after the 1970 deep- 
sea drilling cruise’? and later sustained by further drilling 
in 1975 (ref. 19). Of the land areas mentioned above, the 
first two are inadequately known and the third is not noted 
for the quality of its exposures and faunas at the critical 
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level. These anomalies require further careful investigation 
as does the succession recently described by Montenat et 
al.” in the Vera Basin, Spain. : 

The flow of normal marine water through the shallow 
Iberian Portal envisaged above, would have been affected 
by changes in sea level. A substantial global fall might 
have led to a total restriction of the Mediterranean and to 
consequent desiccation™™, Thus, it is pertinent to examine 
the available sedimentary and faunal evidence for Late 
Miocene alterations:in. global sea level. 

The deposition of shallow-water marine carbonates (inter- 
tidal, subtidal, platform and shelf facies, etc.) was a normal 
and continuing process within the circumtropical zone 
throughout most of Cenozoic time, fossiliferous limestones 
of Palaeocene to Middle Miocene age being common in the 
central Americas, Mediterranean and Indo-Pacific regions. 
Upper Miocene limestones are, however, rare every- 
where®’**, and there seem to be no described shallow-water 
carbonates spanning the Miocene/Pliocene boundary. Even 
in the Pacific (for example, Bikini and Eniwetok atolls) 
where continuous deposition across this boundary was once 
thought to have occurred’, reappraisal of the foramini- 
feral faunas has shown that assemblages characteristic of 
the latest Miocene are absent”. In the Capricorn Basin of 
NE Australia, a faunal and physical break has been demon- 
strated between shallow-water carbonates of N14 and N19 
age in the Wreck Island Bore”, while in the off-shore part 
of the Carnarvon Basin, western Australia, a major dis- 
conformity separates the shallow-water N13 carbonates 
penetrated in the Tryal Rocks No. 1 bone from the 


overlying limestones of N18 age”. The most com- 
prehensive review of the stratigraphical succession 
in Indonesia® includes no examples of limestones 


spanning the Miocene/Pliocene boundary. Baumann” has, 
however, recently published a diagram (ref. 30, Fig. 2) 
showing this boundary within the Karren Limestone of 
NE Java but without adducing any supporting data. There 
is, in fact, no faunal evidence that any part of the lime- 
stone is Miocene, and, if it were, it would still be necessary 
to prove continuous deposition across the Miocene/Pliocene 
boundary in order to affect the present argument. A 
recently completed study of the Miocene/Pliocene suc- 
cession in Viti Levu, Fiji (Adams and Rodda; in prepara- 
tion) proves that an angular unconformity separates 
N17 from N18/19 sediments. A clearly recognisable strati- 
graphic hiatus exists on the Sea of Japan side of Honshue 
(Lloyd H. Burckle, personal communications). The Caliza 
Tosca, a shallow-water limestone some 60m thick in 
Andalusia, Spain, is generally regarded™ as Messinian in 
age and therefore coeval with the Mediterranean evaporites. 
This age determination, however, is based on strati- 
graphic position and. the absence from a critical sample 
(C12) of Discoaster quinqueramus, rather than on positive 
evidence, and is therefore questionable. There seems to be 
no palaeontological proof that it is not early Messinian, that 
is, pre-evaporitic: The thick succession of carbonates and 
evaporites which make up the Bahamas Platform in the 
West Indies extends from the Recent down at least to the 
Lower Cretaceous, but the Andros deep well (14,585 feet) 
yielded no evidence for the position of the Miocene/ 
Pliocene boundary” and none for or against continuous 
carbonate deposition throughout the Late Miocene. 
Examination of the Upper Miocene—Lower Pliocene 
carbonate-clastic sequence in northern Florida, USA™ 
shows a pronounced erosional unconformity between the 
“Choctawhatchee Formation (N17) and the overlying N19 
sediments. In southern Florida, the Tamiami Formation, a 
shallow water carbonate unit, is broken by an uncon- 
formity separating N17 from N19 sediments”. A similar 
unconformity occurs in the coastal plain of Maryland, 
Delaware and New Jersey separating yellow-white glau- 
conitic sands and silts of the Yorktown Formation of latest 
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Fig. 2 Hypothetical migration of the locus of shallow-water 

carbonate deposition towards the shelf-edge during the suggested 

Messinian age eustatic sea-level fall of 40-70.m in the world 
ocean. 


Miocene to Pliocene (?) age from bluish-grey clay belong- 
ing to the St Mary’s Formation of Middle Miocene age, 
Since shallow-water deposits of the type we have been 
referring to are deposited within the photic zone, a fallin- 
the level of the world ocean would ensure that their area 
of deposition migrated towards the edge of the continental 
shelves. The greater the eustatic drop, the farther the zone 
of deposition would move. Nearshore limestones of pre- 
Messinian age would either be eroded or buried by clastic 
sediments deposited in brackish or freshwater milieux. New 
limestones would form farther away. from the old. coast 
lines (Fig. 2) and, where sedimentation was continuous, 
would rest on somewhat deeper-water sediments of Torton- 
ian age. Changes in sedimentation would occur across: the 
continential shelves of the entire world, and the lowering of 
sea level would be reflected in their faunas. Only where 
considerable uplift has occurred could such limestone be 

found on the land surface today. 

The possibility of a Late Miocene eustatic change is also 
suggested by the facies changes in ostracode faunas and 
sediments of the Caribbean and on the Atlantic Coast of 
the United States. The ostracodes of these regions are well 
known (refs 37, 38). Of special interest are those from 
Blow’s zones N13 to N21 from Cuba, Hispanola, Puerto 
Rico and Trinidad, although faunas of the same age and 
latitude are known from Central America. In almost every 
case the palaeoenvironmental succession indicates.a rapid 
shallowing upward from. N16, often followed by a hiatus, 
then by a deepening. The exceptions occur in Panama, 
where the deposition of the shallow Gatun Formation was 
followed by continental deposition, and in Costa Rica, . 
where shallowing was slow and continuous. Often the 
stratigraphic control of these shallow beds is through in- 
ference or benthic microfaunal successions as planktonics 
are rare. In Trinidad, the Springvale Formation is a clay- 
glauconitic sand mixture: carbonates of N17 age are rare, 
stratigraphically doubtful or absent. The Jamaican. section 
is carbonate, but deep; it nevertheless shows noticeable 
shallowing during the Late Miocene. 

There is good evidence from widely separated areas that 
marked faunal and floral changes occurred during the late 
Miocene. In California“, Alaska”, the..Atlantic®,.-the 
Pacific’, the Antarctic and southern oceans where fora- 
miniferal assemblages and the isotopic composition have 
suggested ** both cooling and a drop in sea level. There 
is also evidence from the land floras from a cooling in the 
Late Miocene of NW America“. 

The benthic foraminiferal fauna of the south Florida 
Tamiami Formation, underlying the N17-N19 uncon- 
formity indicates a shoaling environment which became 
increasingly restrictive with time’. This fauna is replaced 
by a lacustrine diatom assemblage at the Miocene/ 
Pliocene boundary. Rocks of the same age in northern 
Florida also indicate a prograding succession of events 
that may also be due to a Late Miocene drop in sea level”. 

Changes in the frequency“, coiling direction’ and 
"O composition of planktonic foraminifera. indicate an 
influx of cold water into the New Zealand area during a 
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stratigraphic interval known locally as the Kapitean stage. 
Reinterpretation of the palaeomagnetic stratigraphy on the 
Mangapoike and Blind River sections” suggests that regres- 
sive sediments and discontinuities in the Kapitean are time 
correlative’ with the Messinian stratotype of Sicily. Coiling 
ratios from strata off NW Australia referable to zone N18 
also indicate cooling of the higher latitude seas at the close 
of the Late Miocene. 

This cooling and accompanying regression have been 
attributed to an expansion of Antarctic glaciation leading 
to a fall in sea level of perhaps 50-70 m, recognisable dur- 
ing the later part of the Andalusian” and consistent with 
the magnitude of ice volume change recorded in the 6“%O 
and 6 “C isotopic data on Uvigerina from DSDP Site 284, 
south Pacific”. 

A substantial fall in the level of the world ocean, that is 
more than about 50 m, would be sufficient to convert some 
shallow shelf areas into inland lakes. The Sea of Japan 
would be isolated by a fall of 70 m, and it would be interest- 
ing to learn whether evidence for freshwater sediments of 
late Miocene age has been obtained from drill holes in 
this area. 

The lowering of global sea level could have been the 
event which closed off the Iberian Portal, leading to the 
Mediterranean isolation and eventual desiccation’®**. Con- 
versely, the extraction of 6% of the dissolved salts in the 
world ocean brought about by the Mediterranean desic- 
cation® could have induced the late Miocene glaciation by 
lowering high latitude salinity sufficient to raise the freezing 
point of seawater. Other possible effects of the massive 
salt extraction are the abrupt change in the percentage 
carbonate (relating to the dissolution of calcareous tests) 
occurring in drill holes in the Pacific, Atlantic and Carib- 
bean areas at a stratigraphic level very close to the boun- 
dary between Upper Miocene and Lower Pliocene 
sediments’ and the apparent absence of even shallow-water 
limestones at that time™. It may be more probable, how- 
ever, that the onset of glaciation was independent of 
Mediterranean events, and high latitude cooling was the 
principal mechanism to cause areas of carbonate deposition 
to migrate away from the land. 

Precise dating of these numerous events of the Late 
Miocene is fraught with difficulties because of the short 
period of time involved and the consequent imprecision 
of stratigraphical correlation using palaeobiological methods. 
A general lowering of sea level, however, of the order of 
40-70 m would certainly have had a dramatic effect on the 
sediments and faunas of the continental shelves. Evidence 
of this should be preserved in -bore-hole records, the in- 
vestigation of which could reveal the duration and order 
of magnitude of any change. The Tortonian/Messinian 
eustatic-fall hypothesis is therefore eminently testable and 
can be verified or refuted by stratigraphers with access to 
drilling records in such areas as the Gulf of Mexico, China 
Sea and Persian Gulf. 
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Many photoreceptor cells in invertebrates have a dual-peak 
spectral sensitivity. Evidence is presented that in fly photo- 
receptors the ultraviolet peak is due to a photostable 
pigment that absorbs light quanta and transfers the energy 
to the blue-absorbing visual pigment. 





THE primary process induced by absorption of a light quantum 
in a visual-pigment molecule is the isomerisation of the 
chromophore retinaldehyde from the Il-cis to the all-trans 
form!. Subsequent dark reactions finally lead to an excitation 
of the receptor cell. We present here evidence that in addition 
to this direct interaction between light and visual pigment, 


Nature Vol. 269 29 September 1977 

another process can take place—the light quantum can be 
absorbed by an accessory pigment which then transfers the 
energy to the visual pigment. The photostable accessory 
pigment is therefore acting as a ‘sensitising pigment’. Sensitis- 
ation is known in photography where it is used to extend the 
spectral sensitivity of silver halides*. In plant cells also, photo- 
stable accessory pigments (for example carotene) absorb light 
and transfer the energy to the effector pigment, chlorophyll a, 
for use in photosynthesis’. 


Fly photoreceptors 


In the compound eye of flies six of the eight receptor cells in 
each ommatidium have a receptor-potential action-spectrum 
with two maxima of similar height, one close to 500 nm, the 
other in the near ultraviolet, close to 360 nm (refs 4, 5). Dual- 
peak sensitivity of this type cannot be explained on the basis of 
extinction spectra of known rhodopsins: these pigments have 
only a small peak at shorter wavelengths, of less than 25% of 
the maximum (B-peak)®. 

On the basis of electrophysiological experiments using 
selective chromatic adaptation, Burkhardt? concluded that 
“there was only one visual pigment present in each photoreceptor. 
~ Later data were thought to suggest the existence of two 
different rhodopsins and metarhodopsins in one and the same 
receptor cell5’, but the most recent results® again support the 
view that there is only one visual pigment in these receptors. 

Receptor-potential recordings are not a direct method of 
characterising visual pigments, for two reasons, first, it is not 
possible to exclude electrical interactions between different 
receptor cells with any certainty; and second, it is not possible 
to discriminate between effects of visual pigment per se and 
effects of accessory pigments which could modify the properties 
of photoreceptors in several ways’. 

Microspectrophotometry provides more direct data on visual 
pigments. Difference spectra in receptors | to 6 have been 
measured in the visible range (A = 400-700 nm)!®~!?, These 
data (from Calliphora) show that there is only one isosbestic 
point at 510 nm, irrespective of which combination of two 
„wavelengths of the spectrum is used for the conversion of 
‘rhodopsin into (dark-stable) metarhodopsin and vice versa. 
The difference spectrum is consistent with the existence of a 
rhodopsin with peak absorption at 490 nm, which nicely fits 
the spectral sensitivity in the visible, and a metarhodopsin with 
peak absorption at 580 nm. The fixed isosbestic point also 
indicates that there should be only one visual pigment in these 
receptors. But, it does not exclude with certainty the existence 
of a second visual pigment, since this could be non-absorbing 
in the limited spectral range investigated so far, or its spectrum 
could strongly overlap that of its metarhodopsin and hence 
exhibit a null difference spectrum. Results from microspectro- 
photometry so far give no explanation for the high ultraviolet 
sensitivity measured electrophysiologically. 

Since there must be absorption of light in the ultraviolet if 
the receptor cells show high ultraviolet sensitivity, we decided 
to record not only the difference spectrum but also an absolute 
spectrum and to extend the measurements into the ultraviolet 
spectral range. 


Microspectrophotometry 


For microspectrophotometry, dipteran photoreceptors have the 
advantage that—in contrast to the situation in for example, 
locust or bee—the rhabdomeres in each ommatidium are not 
fused together but are separated from each other over their 
whole length, so that they act as individual light guides. It is 
_ therefore possible to measure the extinction of individual 
““rhabdomeres in an eye cup preparation as was first done by 
Langer'4. These structures are only 1-2 um in diameter, so 
waveguide effects slightly modify the measured extinction 
spectra; however, this minor effect!> is within the limits of error 
“of our data and no correction was applied. 
Figure la shows twoextinction spectra of type R,_. receptors 
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Fig. 1 a and b, Extinction spectrum of rhabdomeres type Ris 
(Musca @, eye-cup preparation of a white eyed mutant) as 
measured with a technique similar to that of Langer, but using 
a single beam instrument (Leitz MPV2, with Zeiss ultrafluar- 
optics, selected for minima! chromatic aberration). During 
measurements in the spectral range from 440-660 nm the prepara- 
tion was illuminated with strong adapting lights of 365 nm (©) 
or 583 nm (@) at regular intervals, in order to maintain a stable 
equilibrium of rhodopsin/metarhodopsin. During adaptation 
the photomultiplier was protected by a mechanical shutter. 
Since other experiments showed that there is only a slight change 
or no change in extinction for wavelengths shorter than 430 nm 
after ultraviolet or orange adaptation, the spectrum in this range 
was measured without adaptation (x). ©, @, x, Data from 
rhabdomeres no. 2, 3 and 4 (measured together) of one ommati- 
dium. In order to get a more accurate spectrum in the ultraviolet, 
rhabdomeres (no. 4 and 5) from 5 ommatidia of another eye were 
measured and the mean spectrum of all.6 ommatidia calculated 
(b); the given standard error was obtained after shifting the 
spectra along the ordinate to coincide at à = 440 nm. Zero 
extinction is not defined in this kind of measurement, since the 
measuring beam passes the convergent cornea-lens of the 
ommatidium, whereas the reference beam does not. The cornea 
was shown to transmit uniformly in the spectral range analysed 
and fluorescence did not affect the measured spectra. Temperature 
of the preparations was 6-8 °C. Inset: cross section through 
ommatidium indicating receptor cells RC and rhabdonieres 
Rh. c, Difference of spectra from a (a). Additional measurements 
at the short wavelengths (A) were carried out in. the same 
rhabdomeres. Other rhadomeres R, sometimes showed 
reproducible small negative differences in the ultraviolet. 


from a white-eyed Musca ommatidium, adapted with orange 
(A == 583 nm) and ultraviolet (A = 365 nm) light, respectively. 
It is obvious that there is a high extinction in the ultraviolet, 
which is confirmed by data from five more ommatidia (Fig. 15). 
A second maximum occurs either near 500 nm or near 560 nm, 
respectively, depending on the pre-adapting light. The difference 
(Fig. 1c) between the two curves of Fig. la represents the 
difference spectrum between metarhodopsin (M 580) and 
rhodopsin (R 490), which corresponds to that obtained in intact 
animals! and in wild-type flies (Calliphora)'?. We have con- 
firmed that the difference spectrum in Musca changes only in 
amplitude, not in shape, when the wavelengths used for shifting 
the pigment from one stable state (R 490) to the other (M 580) 
are changed, and we have extended the measurements into the 
ultraviolet. : 

In spite of the fact that there is a high absorption in the 
ultraviolet (Fig. la, b) and that ultraviolet light induces a shift 
from rhodopsin to metarhodopsin, there is no conspicuous 
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Fig. 2 a, Transmission of rhabdomeres no. 2-+3-+-4 (Musca 9, 
white-eyed) measured at 610nm. Adapting lights of different 
colours were used as indicated. Appropriate edge filters prevented 
transmission of adapting light to the photomultiplier. b, Trans- 
mission measured in the blue (460 nm) and ultraviolet (365 nm) 
following various adapting lights as indicated. In contrast to 
Fig. 2a the adapting light was switched off during the measure- 
ment, 


decrease in the ultraviolet extinction. As this result was un- 
expected we checked directly whether the blue and ultraviolet 
lights shift the pigment to the same or to two different metarho- 
dopsins, both absorbing in the red. The temporal change in 
metarhodopsin concentration was monitored by measuring 
transmission at 610 nm: the higher the transmission, the lower 
the metarhodopsin concentration (Fig. 2a). 

After an equilibrating pre-adaptation with 563-nm_ light 
which shifts the pigment to the rhodopsin state, both blue 
(458 nm, Fig. 2a I-H) and ultraviolet (365 nm, Fig. 2a 
IV--V) lights shift the pigment back to metarhodopsin, as 
indicated by the reduction in transmission at 610 nm. The 
equilibrating blue light shifts more than the equilibrating 
ultraviolet light. 

In fact, ultraviolet light following blue light (Fig. 2a H--UI) 
leads to a conspicuous increase in transmission at 610 nm. If there 
had been two different red light-absorbing metarhodopsins 
in the one photoreceptor, this ultraviolet stimulus should have 
led to a further decrease in transmitted red light, due to the for- 
mation of the second metarhodopsin. The observed increase 
indicates that, during ultraviolet illumination, a new equilibrium 
between rhodopsin and metarhodopsin is created which yields 
less metarhodopsin than does blue illumination. These results 
are evidence that the metarhodopsin formed by ultraviolet light 
is the same as that formed by blue light. 

Figure 2b illustrates directly the fact that ultraviolet light 
following orange (583 nm) light reduces the rhodopsin concen- 
tration, as shown by an increase in transmission in the blue 
(460 nm), despite the fact that there is no change or only a 
slight change, in ultraviolet absorption in equivalent conditions 
(Fig. 2b). 
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The results obtained with microspectrophotometry can be 
interpreted in at least three ways. (1) There is a second visual 
pigment that absorbs in the ultraviolet, and has a metarhodopsin 
also absorbing in the ultraviolet. Their strongly overlapping 
spectra would explain the odd absence of extinction change in 
the ultraviolet (Fig. 1). (The shift of pigment to M 580 by ultra- 
violet illumination is then due to the B peak of R 490). (2) The 
rhodopsin and metarhodopsin are unusual insofar as they both 
absorb strongly in the ultraviolet. (3) There is a photostable 
pigment absorbing in the ultraviolet and transferring the energy 
to the rhodopsin. It then acts as a sensitising pigment. 

One possible mechanism of energy transfer is by means of 
dipole-dipole interactions (case 3a), according to Förster’s 
theory'®, In this case the photostable pigment is called an 
‘antenna’ pigment, as in photosynthesis. Other kinds of energy 
transfer are also possible, for example, a photostable chromo- 
phore could be attached to the rhodopsin molecule, giving rise 
to a high ultraviolet absorption in rhodopsin (as well as in 
metarhodopsin) (case 3b). Such a mechanism, in a way, is 
rather similar to the situation in photographic sensitisation, in 
which a dye must be adsorbed on to the silver halides in order 
to act as a sensitiser?. The trivial case in which light quanta, 
emitted due to fluorescence of a photostable substance, are 
reabsorbed by the rhodopsin seems rather unlikely because of 
the low efficiency of this process within a rhabdomere. 

According to electrophysiological data, hypothesis (1) is 
improbable, since intracellular recordings made in cells 1-6 
under selective chromatic adaption have revealed that blue-light 
adaptation depresses sensitivity in the blue and the ultraviolet 
to the same extent and vice versat®, We present here experi- 
ments that exclude hypothesis (2) as well as (1) and give evidence 
that hypothesis (3) is realised. 


Evidence for a sensitising pigment 


The sensitising-pigment hypothesis can be formulated as 
follows: 


X thv — X* a) 
X*+ R — R*+ X Q) 
R*— M (3) 


Due to the absorption of a light quantum, the unspecified 
molecule X is converted into the excited state X* (equation 1). 
In a secondary process it then may interact with a rhodopsin 
molecule R, converting it into an excited state R* (equation 2), 
which finally leads to metarhodopsin M (equation 3). 
Alternatively, the module X* may lose the extra energy by 
fluorescing 


X* ->X + Av! (4) 


or by suffering deactivating collisions with other molecules. 
In the latter case the energy is dissipated as heat. If the energy 
transfer occurs by means ofa dipole-dipole interaction (case 3a 
as discussed above), the concentration of the molecules present 
determines whether the secondary process occurs according 
to equations (2) and (3) or to equation (4), assuming that the 
lifetime of the excited state is sufficiently short. This is because 
these concentrations affect the probability that a molecule X* 
meets a molecule R. The relationship between the percentage 
of rhodopsin still present and the number of bleaching quanta 
should be a decreasing exponential for blue as well as for 
ultraviolet quanta, as long as the concentration of R and X is 
comparatively high, since the kinetics in both cases corresponds 
to classical first-order photochemical bleaching. 

But, if we reduce sufficiently the concentration of X and/or R 
we expect to observe the following two phenomena: (1) The 
ratio of the number of ultraviolet quanta to blue quanta neces- 
sary to shift a given percentage of rhodopsin into metarho- 
dopsin must be increased with a sufficiently decreased concen- 
tration of R and/or X. (2) An exponential decrease of rhodopsin 
concentration due to bleaching is still expected for blue light, 
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Fig. 3 a, Initial part of electroretinograms on a rapid time scale 
obtained with high-energy orange test flashes of constant 
intensity from a white-eyed Drosophila raised on Sang’s syn- 
thetic diet medium’* with 2.4 mg per 100 ml B-carotene added 
(8 mg per 100 A 100%). The flash light-source (photographic 
flash, Braun F 900) was used in conjunction with a Schott 
OG 590 edge filter and a Schott KGI heat filter. The energy of 
the flash when using a monochromatic 584-nm interference filter 
(Schott, Depal) together with KGI heat filter, was 5.4 « 10% 
photons cm~? at the level of the preparation. Before each 
measurement the eye was given two orange flashes that shift the 
pigment to the rhodopsin state. After | min in the dark the 
amount of monochromatic 362 nm ultraviolet light (Schott, uv-pil) 
indicated on the left of each trace was applied. After 1 min in the 
dark the orange test flash (590 nm) of constant intensity was given, 
inducing the five responses shown. Each orange flash elicits a mass 
response composed of several components indicated by numbers 
on the third trace: 1, stimulus artefact, indicating the onset of the 
flash; 2 and 3, biphasic fast photovoltage proportional to the 
concentration of pigment in the metarhodopsin state. This 
response called the M-potential, can be subdivided into a negative 
phase (2) and a positive phase (3)'*. 4, ‘on’ transient of the 
ERG which arises from the response of the second-order 
neurones. b, The ordinate gives the difference between the peak 
M-potential amplitude following saturating ultraviolet light 
(Msat, bottom M-potential trace in a) and the M-potential 
amplitude M (I't) following various amounts (I't) of adapting 
362-nm ultraviolet (@) and 47341m blue (©) light. The curve 
actually represents the decay of rhodopsin concentration as a 
function of the amount of adapting light. 


but no longer for ultraviolet light. This is because the concen- 
tration of rhodopsin, further reduced by an increasing number 
of absorbed ultraviolet quanta, reduces the efficiency or energy 
transfer between X* and R. The kinetics can then no longer be 
first order. 

To test these predictions we measured the concentrations of 
fly visual: pigments. by an electrophysiological technique. This 
independent and sensitive method has the advantage of using 
intact flies whereas the microspectrophotometric measurements 
were carried out with eyecup preparations. The pigment 
conversion in receptors R}. was measured by a fast photo- 
voltage, the M-potential**, which is a response proportional to 
the metarhodopsin concentration [M] in R,.., as shown by the 
following evidence. (1) The action spectrum of the M-potential 
corresponds to the metarhodopsin extinction spectrum of 
receptors R,-, (ref. 18). (2) No M-potential has been observed in 
mutants lacking receptors R 1x (S. R. Grabowski and W. L. Pak, 
personal communication). (3) In a dark-adapted eye, the 
M-potential amplitude increases exponentially with the amount 
of incident blue quanta and reaches saturation at the same level 
at which metarhodopsin formation saturates (Minke et al., 
unpublished). 

M-potentials were recorded from a white-eyed Drosophila 
with an approximately normal rhodopsin concentration, in 
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response to a strong orange test flash, following various 
amounts of 362-nm ultraviolet pre-adapting light (Fig. 3a). 
Figure 3b shows a plot of the difference between the M-potential 
from rhodopsin to metarhodopsin. This experiment is a control 
amplitude measured after an equilibrating ultraviolet illumi- 
nation and the M-potential amplitude measured after different 
amounts of pre-adapting ultraviolet light. This method of 
presentation actually illustrates the decay of rhodopsin con- 
centration [R] with increasing ultraviolet illumination, since 
[R] = 1-—-[M]. 

Equivalent data for 473-nm blue adaptation are also included 
in Fig. 3b. The data show that the rhodopsin concentration 
decreases exponentially with the amount of adapting blue. or 
ultraviolet light. In this case the 362-nm ultraviolet light is as 
efficient as the 473-nm blue light in shifting the visual pigment 
from rhodopsin to metarhodopsin. This experiment is a control 
experiment for normal flies. In the critical experiment we need» 
flies with rhabdomeres in which the concentrations of tho- 
dopsin and/or the presumed sensitising pigment are reduced. 

Theconcentrations of rhodopsin within the rhabdomeres can be 
reduced by raising flies in a vitamin A-deficient medium!2-1% 21:22, 
Figure 4 shows the decay of the rhodopsin concentra- 
tion, again measured by the M-potential, as a function of the 
amount of adapting 473-nm blue and 362-nm ultraviolet light, 
measured in a vitamine A-deprived fly. First, it seems that about 
twice as many ultraviolet quanta as blue quanta are now neces- 
sary to produce a criterion M-potential of 50% of the maximum 
(in three other experiments two to nine times as many ultraviolet 
quanta were necessary). Second, the dependence of the rho- 
dopsin concentration on the amount of adapting ultraviolet 
light is no longer exponential. This is in contrast to the depen- 
dence on blue-adapting light (measured in the same fly), which 
remains exponential. 

Thus in vitamin A-deprived flies, the effectiveness for con- 
verting rhodopsin into metarhodopsin is selectively reduced in the 
ultraviolet. This is in agreement with the result that the sensitiv- 
ity of the receptors as determined with the ERG in vitamin A- 
deprived flies is selectively reduced in the ultraviolet!®?3, This 
finding, as well as the fact that the kinetics of the decrease of 
rhodopsin concentration under ultraviolet illumination no 
longer corresponds to a first-order reaction, fits the predictions 
of the ‘antenna’ pigment model. 


Fig. 4 Concentration of pigment in the rhodopsin state, as mea- 
sured by the M potential, in response to the orange test flashes 
of constant intensity, as a function of the amount of adapting 
362-nm ultraviolet (@) and 473-nm blue (©) light. All the 
measurements were from a single white-eyed Drosophila raised 
on vitamin-A-deficient medium (Sang’s synthetic diet medium 
with 0.8 mg per 100 mi B-carotene). The vertical bars are standard 
deviations of the mean calculated from three or four measure- 
ments. Most of the points without bars are the average of two 
measurements. 
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Our results are not compatible with the hypothesis of a second 
rhodopsin-metarhodopsin, absorbing in the ultraviolet (model 
1). This model would predict neither the high efficiency of 
ultraviolet quanta for the production of M 580, as shown in 
Fig. 36, nor the modifications seen in flies raised on vitamin 
A-deprived media (Fig. 4). An unusual rhodopsin (model 2) 
would also be unable to generate the modifications observed 
in vitamin A-deprived flies. Although the antenna-pigment 
model is sufficient to explain the experimental results, this kind 
of sensitisation is not necessarily the only possible one. With 
several special assumptions, a mechanism of energy transfer 
according to case 3b, as mentioned above, could also be 
realised. There is some evidence that the absorption in the 
ultraviolet is due to a derivative of vitamine A (J. Schwemer, 
personal communication). If this substance is attached to all 
rhodopsin molecules as asecond chromophore only at sufficiently 
high vitamin A concentrations, then at lower vitamin A concen- 
trations, two populations of rhodopsin will be present: one 
with a high ultraviolet absorption due to the second chromo- 
phore, and another which lacks the second chromophore and 
therefore has only low ultraviolet absorption (due to the low 
B peak of the rhodopsin), The kinetics of the decay of both 
rhodopsins will be the same if blue light is used for bleaching. 
There will be two different decay rates, however, if ultraviolet 
light is used, since the absorption coefficients of the two 
substances differ in the ultraviolet. This is also in accordance 
with Fig. 4 (ultraviolet illumination), since the deviation from 
the pure exponential can be interpreted as being due to the sum 
of two exponentials with different decay constants. 

We conclude that the photoreceptors 1-6 in the fly achieve 
their high ultraviolet sensitivity thanks to an accessory photo- 
stable pigment that acts as a sensitiser for rhodopsin. The 
mechanism of the energy transfer has still to be worked out in 
detail. The functional consequence of the sensitising pigment for 
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the photoreceptors is clear—it broadens the spectral range of 
the visual pigment and thus increases absolute sensitivity. 
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Sequences for two reovirus ribosome-protected fragments are 
presented, Comparison with four other reevirus initiation 
sites reveals only two common features: the 5'-terminal 
sequence m7GpppG"™CUA, and (located 15-33 nucleotides 
from the cap) the sequence AUGG., Both the cap and the AUG 
codon are included in the 40S-ribosome protected region from 
all six reovirus messages, 








THERE has been considerable speculation about what features in 
mRNA direct attachment of ribosomes to the sites where trans- 
lation will be initiated. Although rather sophisticated hypotheses 
have been advanced for messenger-ribosome interactions in 
prokaryotic systems! -*, deductions about eukaryotic mechanisms 
have been limited by the absence of detailed information concern- 
ing the initiation sites from a variety of eukaryotic messages. The 
sequence extending from the 5’ capped terminus up to and beyond 
the AUG initiation triplet was reported for one of the genome 
segments from brome mosaic virus? and, more recently. for rabbit 
B-globin mRNA*>, We have previously described the nucleotide 
sequences of ribosome-protected regions from four reovirus 
messenger RNAs“7. We present here sequences for two additional 
reovirus ribosome binding sites. All six ribosome-protected frag- 


ments from reovirus MRNA include the 5’-terminal methylated 
cap. which has been shown to strongly promote jv vitro translation 
of various eukaryotic messages”. 


Isolation of two ribosome-protected fragments 

Reovirus mRNAs, labelled with a-7?P-ribonucleoside tri- 
phosphate precursors, were synthesised in viro by viron- 
associated enzymes. in conditions described previously“. The in 
vitro transcription reaction catalysed by reovirus cores generates 
10 presumably monocistronic messenger species which can be 
fractionated by sucrose gradient velocity sedimentation into small, 
medium and large size classes”. In this study, the small size class (s- 
RNA), consisting of four messenger species. was incubated in a 
wheat germ extract in conditions permitting formation of both 40S 
and 80S initiation complexes®”. After addition of T, RNase to 
hydrolyse the exposed regions of the RNA, the samples were 
sedimented through glycerol gradients®’. The °?P-labelled mat- 
erial recovered from 40S ribosomal complexes consisted of a 
mixture of three cap-containing fragments. which were readily 
resolved by polyacrylamide gel electrophoresis followed by two- 
dimensional homochromatography . Nucleotide sequences were 
previously determined for two of these s-R NA fragments’ (sSdand 
345 in Fig. 1). The following section describes the sequence of the 
third fragment, designated s46; that is, a 46-nucleotide fragment 
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|+ PROTECTED BY 80S RIBOSOMES +. 
s i 33 | y 
s54 MT Gppp6" CUAUVUUGECUCUUCCCAGAC GUUGUCGCAAUGGASGUSUSCUUGCECAACG 


| 29 ` 
s45 M7Gppp6" cuaaacucaceccuGucGucGUCACUAUGGCUUCCUCACUCAGI 

i | 

n i A GG y CAAG 

s46 MGppp6 CUAVUCECUGGUCAGUVÂU cugscusceccuplecuauy 

; 3 : 
m52 7 Gppp6"cuaAucuGcuGAcccuUACUCUGCAAAGAUGGGGAACGCUCUUCCUAUCG 

| i 

i 20 ! 
m44 76 ppp6"CUAAAGUGACCGUGGUCAUGGCUUCAUUCAAGSGAUUCUC CG 

| M 5 ; 

m30 iM7Gppp® CUAVUCGCGGUCAUGGCULACAUCGCAGİ 
Fig. 1 Sequences of 5'-terminal ribosome-protected initiation re- 


gions from six reovirus mRNAs. An s designates fragments derived 
from the small size class of messenger RNA: m designates fragments 
from medium sized messages. The entire sequence shown for each 
fragment was protected against T, RNase digestion by wheat germ 
40S ribosomes. When 40S complexes were digested. instead, with 
pancreatic R Nase, the site of cleavage at the 3° end of the fragment 
varied (not shown), but the 5’ cap structure remained quantitatively 
protected. Vertical dashed lines show the smaller portion of each 
fragment that was protected by 80S ribosomes. With each message. 
we analysed the protected region after digestion of 80S complexes 
with guanosine-specific T, RNase, and also after digestion with 
pancreatic R Nase, which cleaves next to pyrimidine residues: results 
obtained with the nuclease that cut closer to the AUG triplet were 
used to construct the diagram above. Data are from refs 6. 7 and this 
work. Of the sequences shown, fragment m30 is the only one that 
came from 80S rather than 40S complexes. A 40S-protected capped 
fragment, about 36-nucleotides long, was fingerprinted and shown to 
overlap m30. but the complete sequence of the 40S-protected 
fragment was not determined due to insufficient material. There is an 
uncertainty in the underlined portion of fragment s54, which might 
alternatively be CCCUCUUCC. In fragment m52. the orientation of 
the underlined regions might be reversed. giving the sequence 
CUUCCU. Four sequences are possible for the six-base underlined 
region in fragment s46. 


from the s-RNA class. (This fragment was designated 45R in ref. 7.) 

A similar protocol was followed with the medium sized in vitro 
transcripts. The medium size class (m-RNA) consists of three 
reovirus messages, and we previously reported recovery of three 
non-overlapping, cap-containing protected fragments from 40S 
initiation complexes”'®. Two of these fragments have already 
been sequenced” : they are designated m52 and m44 in Fig. 1. From 
the third message in the medium size class, a fragment about 36 
nucleotides long was recovered from 40S complexes, and a 
fragment 30 nucleotides long (m30) was protected by 80S com- 
plexes®'”. Since both the 40S- and 80S-protected fragments from 
this message retained the 5’-terminal cap, the slightly larger 40S- 
protected fragment included a few additional 3’-terminal nuc- 
leotides. Although our previous sequence determinations were 
done on both 40S- and 80S-protected fragments from each 
message (Fig. 1), for the third medium sized message we are 
reporting the sequence of the 80S-protected fragment m30 only, 
since the ribosome binding site from this message was recovered in 
relatively low yield, limiting the manipulations that could be 
performed. 


Nucleotide sequence of fragment s46 

Four preparations of 40S ribosome-protected fragment s46, 
labelled respectively with #-*?P-CTP, -UTP, -GTP or -ATP, were 
used for these analyses. Use of single-labelled RNA preparations 
enabled us to exploit nearest neighbour transfer data to help 
deduce the nucleotide sequences''. Aliquots of the purified 
fragment were subjected to complete T, RNase digestion, and to 
complete pancreatic RNase digestion, followed in each case by 
two-dimensional fractionation using homochromatography'!?. 
The experimental procedures used for the present sequence 
analyses were exactly as described previously’. The T, RNase limit 
products, shown in Fig. 2a, were subjected to secondary pancreatic 
RNase digestion (Fig. 3a) and the composition of each secondary 
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digestion product was determined by alkaline hydrolysis. This 
provided sufficient information to reveal the sequence of most of 
the T, oligonucleotides, as listed in Fig. 3a. For the large 
oligonucleotide s46/T2, analysis of the U, RNase digestion 
products (Fig. 3c) was required to establish a unique sequence. 
Analyses of the primary pancreatic RNase digestion products 
(panc oligonucleotides) from fragment s46 are summarised in Fig. 
3b. Since these data were insufficient to reveal the order of the T, 
oligonucleotides, we subjected fragment s46 to partial T, RNase 
digestion in conditions described previously’. Analyses of the two 
major partial products are summarised in Fig. 3d. Partial product 
II yielded T, oligonucleotides T1, T4, T6 (CUG[G]) and T8. By 
considering the 5’ nucleotides and the 3’ nearest neighbour residues 
for these T, oligonucleotides (and taking into account the presence 
of GGU among the panc oligonucleotides obtained from partial 
11), the sequence T1-T6-T8-T4 was deduced, as shown at the top of 
Fig. 3. The sequence of the remainder of the 46-nucleotide 
fragment can be constructed, as follows, In a complete pancreatic 
RNase digest of fragment s46, oligonucleotide P1 (AAG) was the 
only product that terminated with a G residue rather than with a 
pyrimidine (Fig. 3); AAG must therefore be derived from the 3’ 
terminus of the protected fragment, which was originally obtained 
by digestion of initiation complexes with guanosine-specific T, 
RNase. Oligonucleotide T2, the only T, RNase product contain- 
ing AAG, can therefore be placed at the 3’ end of fragment s46 (and 
of the large partial product I). Since T2 begins with a U residue, it 
must be preceded by T7 (CG[U)), the only T, oligonucleotide from 
partial I that has U asits 3’ nearest neighbour. Moving to the 5’ end 
of partial I, pane oligonucleotide P3 (AGU[U]) provides an 
unambiguous overlap between T4 (already placed at the 3’ end of 
partial I) and T5, the only remaining T, oligonucleotide that 
begins with UU. Thus, partial I begins with T5. Since T5 
terminates in G[G], it must be followed by panc oligonucleotide P2 
(GGC[U]). The T, oligonucleotide that follows TS, therefore, 
begins with CU; this could be either T6 (CUG) or T3 (CUCG). 
Since we do not have data which would allow us to order the 
remaining small oligonucleotides, T3, T6 and T7, there is a 6-base 
ambiguity (with four alternative sequences) in the coding portion 
of the sequence deduced for fragment s46. This is shown at the 
top of Fig, 3. 


Fig. 2 Two-dimensional T, RNase fingerprints of 2-°?P-GTP 

labelled fragment s46 (a, shown diagrammatically in b), and fragment 

m30(c, diagrammatically in @)), The dashed circle in band dshows the 

position of GMP, which was labelled by x-*?P-CTP and -UTP. but 

not by a-*?P-GTP. The capped oligonucleotide T1 in b appears as a 

doublet due to instability of the m7G cap’?. The dotted circle (B) 
shows the position of the blue marker dye. 
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a) ANALYSIS OF T RNase PRODUCTS FROM THE 46-NUCLEOTIDE FRAGMENT 




















T) RNase Producte of secondary 
primary 5 digest ton with pancreatic RNase 
product {a-"°P]CTP fa~- “P]uTe {a->*pjorP la- P]ATP Sequence deduced 
Toi a Tork Te Te + Py * 
s46/T1 G, U, cap AU, cap C, cap U m/GpppG CUAUUCGÍC] 
* * an * a * ako k * 
346/T2 C, 20 AU, C, U AAG AAG, C, U | UUCCUAUUCAAG[A] 
ta & 
846/T3 G, U c é -- cuce{c} 
* * 
46/T4 | ag ke è ucac{u] 
ao & * 
46/75 | a au, Č ab, Ê fi vuauc{G] 
* * kok 
3946/T6 G C U, G(2:1) | ~- CUG{C,G} 
* pd * 
846/T7 G G c -— cGfic,u} 
* * 
246/78 G I G -- -- G{C,U} 
d E 











b) ANALYSIS OF PANCREATIC RNase PRODUCTS FROM THE 46-NUCLEOTIDE FRAGMENT 














Pancreatic 
RNase Products of secondary digestion with Ty RNase 
primary 37 37 37 33 Sequence 
product -| [a~"*P CTP [o~"°P UTP l[a- “P IGTP l {a~"“PJATP} deduced 
= L + 
s46/P1 = a akc Bae AACA] 

p] * * 
s46/P2 G c G -- ecc{[u] 

a & * 

846/P3 “- AG, U AG -- AGU[U] 

* 
8 46/P4 ù é é -- coutc] 
846/25 è é ¿ -- ecic] 
s46/P6 cap cap cap -- m?Gppp6"C(U} 
846/27 -- a ab = Avic, u) 
346/P8 -- go -~ — awtu] 

x * a 

946/29 è è é é CIC,U,G,A 

* à * * 
846/P10 U U u U U[C,U,G,A]} 

















c) SUPPLEMENTARY ANALYSES ON LARGE Ti OLIGONUCLEOTIDES FROM FRAGMENTS s46 AND m30 























T, RNase | Labelled Products of U2 RNase digestion 
primary | precursor Panc /CMCT Sequences of Sequence of 
product NTP Composition | products Uy products Ti oligonucleotide 
: 4 
ae 
846/T2 Cc a) C, U a) UUC 
L] G 
[bu |b) vic a)UUCCUA[U} UUCCUAUUCAAG[A] 
x k 
v a) c, A, U |a) duc, uA, Ê | PXVUCAALG] 
* c)G{A] 
uuc 
Jeu b) 
A a) U 
b) C, A ned 
c) G 
4+ 4 4. 
m30/T2 c a) A a)cuua[Cc} CUUACAUCG[C] 
b) G U n.d. 
b)ucc{c] 
v a) C, U nä 
cp A ees e)CA[y} 














d) ANALYSIS OF PARTIALS DERIVED BY LIMITED T RNase DIGESTION OF FRAGMENT s46 











Labelled Products of complete 
Partial precursor | Products of complete digestion digestion with 
product with T RNase pancreatic RNase 
i G [rroo 3T3(C) ;T5(AU,G) ;T6(U) ;T7 (C) AAG, GGC, GC, AU, U 
U TZ{AU,C,U};T3(C);T5(AU,U);T6(C);T7(G) | GGC, GC, AU, CU 
fh 
Ir G TLC, cap); T4(AG); T6(G,U) cap, GGU, AG, C, U 


u TI{AU,cap); T4(AG); T6(C); T8(G) cap, GGU, AG, GC, AU 








Nucleotide sequence of fragment m30 

The T, RNase fingerprint of fragment m30 is shown in Fig. 2c and 
d. The sequence of each primary T, RNase product was deduced 
from the results of secondary digestion with pancreatic RNase, 
summarised in Fig. 4a. For the large oligonucleotide m30/T2, the 
sequence was confirmed by analysis of the U, RNase digestion 
products (Fig. 3c). Figure 4b summarises data on the primary 
pancreatic R Nase products. Presence of panc oligonucleotide PS 
(AG). which terminates with a G residue rather than with a 
pyrimidine, identifies T; oligonucleotide T4 (CAG) as the 3’ 
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Fig. 3 Sequence analysis of fragment s46. The colunin headings a- 
32P-CTP, 2-3?P-UTP and so on indicate the labelled ribonucleoside 
triphosphate precursor. A double dash in any column means that the 
oligonucleotide in question was not labelled in the indicated con- 
ditions. The designation n.d. means a given analysis was not done. 
* Denotes the 3’-nucleoside monophosphate which retained the 37P- 
radioactivity after alkaline hydrolysis. ‘Cap’ refers to the structure 
m7GpppG™ pCp. identified as in ref. 7. The nearest neighbour residue 
is enclosed in square brackets at the 3’ end of each oligonucleotide. 
The sequence deduced in a for oligonucleotide s46/T2 takes into 
account the results described in c. In c. the secondary U, RNase 
products are identified as (a), (b) and (c). in order of increasing 
mobility on DEAE paper in 7%, formic acid. The column headed 
*Panc/CMCT products’ lists the products obtained by pancreatic 
R Nase digestion of each U, secondary product after modification of 
U and G residues with CMCT®. In d. the third column lists the T, 
oligonucleotides (identified asin a) obtained after complete T, RNase 
digestion: the products of secondary pancreatic R Nase digestion are 
given in parentheses next to each T, oligonucleotide. 





terminus of the ribosome protected fragment. Ordering of the 
remaining T, oligonucleotides is facilitated by beginning with T3, 
the only T, oligonucleotide that begins with a U residue. T3 must 
be preceded by P2 which is the only G-containing panc oligonuc- 
leotide that terminates with U. Since T3 ends with the sequence 
G[G]. it is followed by Pl (GGC[U]), the only remaining pane 
oligonucleotide containing contiguous G residues. The resulting 
sequence, (S)\GGUCAUGGCU(3), must be followed by T2, 
which begins with CU. Furthermore, the 5S’ side of the sequence can 
be extended by adding one C residue, since oligonucleotide T5 
(CG[G]) is the only remaining T, product that terminates in G[G]. 
Oligonucleotide T4 has already been placed at the 3’ terminus of 
the fragment, leaving only the capped oligonucleotide T1, which 
obviously derives from the 5’ end of the fragment. The complete 30- 
nucleotide sequence is shown at the top of Fig. 4. 


Features of reovirus ribosome-binding sites 

The two sequences described above, along with ribosome- 
protected portions of four other reovirus messages, are shown in 
Fig. |. Each ribosome-protected fragment contains a single AUG 
triplet. with no termination codons following in phase, This AUG 
has not yet been proven to be the initiation codon, since the presence 
of blocked N termini in reovirus proteins'+ has hampered amino 
acid sequence determinations. [tis likely, however, that the single 
AUG tripletineach binding site is used for initiation, sincethe AUG 
occursinaremarkably constant position within each 80S-protected 
fragment, as indicated in Fig. |. The AUG triplet occurs in 
approximately the same position in the 80S-protected portion of 
rabbit B-globinm RNA!S. 

Each of the reovirus S’-terminal fragments has been shown to re- 
bind to wheat germ ribosomes with high efficiency’’°. indicating 
that the isolated fragments retain the recognition signals needed 
for ribosome attachment. Thus, itis of interest to look for common 
features among the six reovirus sequences. as well as similarities 
with other eukaryotic initiation sites. Two of the reovirus 
fragments begin with the 5’ terminal sequence 
m7GpppG"™CUAAAGU (see s45 and m44 in Fig. 1). In both of 
these fragments, the sequence GUC(or G)GUC occurs to the left 
of the AUG, and the sequence GCUUC follows directly after the 
AUG. The only part of this homology that occurs in other reovirus 
fragments is the sequence GCUU on the 3’ side of the AUG codon 
in fragment m30. In fact. although fragment s45 differs, fragments 
m30 and m44 share an extensive Il-base sequence 
(GGUCAUGGCUU) that spans the putative initiation codon. A 
portion of this sequence (GGUC ... AUGGCU) also occurs in 
fragment s46, which further resembles m30 in that both fragments 
have the identical 10-residue 5’-terminal sequence. Thus, the 20- 
nucleotide sequence at the 5’ end of fragment m30 is repeated (with 
two interruptions) in the first 25 residues of fragment s46. Such 
impressive homologies may reflect evolutionary relationships 
among reovirus genome segments, but the homologous regions are 
probably not directly related to the role of these fragments in 
initiating translation, since the same sequences are not seen in the 
remaining ribosome binding sites. Indeed, the only features 
common to all six reovirus initiation sites are a paucity of A 
residues, occurrence of a G residue directly after the AUG codon, 
and presence of the S’-terminal sequence m7GpppG"CUA. The 
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Fig. 4 Analysis of T, and pancreatic RNase products from frag- 
ment m30, See Fig. 3 legend for explanations. 


sequence G"CUA adjacent to the cap is not seen, however, in 
many other messages, including brome mosaic virus RNA 4 
(m7GpppGUAU)*, vesicular stomatitis virus mRNA 
(m7GpppA"AC)'®, silk fibroin (m7GpppA™U"C)!” and rabbit 
globin (n7Gpppm°A"C™AC)!8. The sequence A UGG, common 
to all six reovirus messages as well as globin mRNA**, has the 
striking potential to form four base pairs with the anticodon loop 
(CCAU) of mammalian initiator tR NA2?. In brome mosaic virus 
RNA 4, however, the AUG initiation codon is not followed bya G 
residue’. Thus. homology among the eukaryotic regions so far 
sequenced is limited to presence ofan AUG triplet and a 5'-terminal 
cap. 

It is difficult to detect any other significant features common to 
eukaryotic initiation sites. For example, eukaryotic ribosome 
binding regions differ from one another in that the AUG triplet 
does not always occur in the same phase, determined by measuring 

_ off three nucleotides at'a-time, from the AUG leftwards to the cap. 
The distance between the cap and the AUG also varies, from 11 
nucleotides? to at least 55 nucleotides**. Furthermore, nonsense 
codons, which commonly occur on the 5’ side of the initiation 
triplet in prokaryotic ribosome binding sites'', are not a universal 
feature of eukaryotic initiation sites, since reovirus fragments s54, 
s46 and m30 lack such codons. The suggestion has been made that 
a specific interaction. involving a region near the AUG codon 
which is complementary to the 3’ end of 18S ribosomal RNA, 
might be characteristic of eukaryotic (as well as prokaryotic) 
initiation sites*. Between the reovirus 5’-terminal fragments and 
the 3’-terminal eight residues of 18S rRNA'®. however, there are 
only minimal opportunities for base pairing (involving only two 
base pairs in fragments s54., s46 and m30: three base pairs in s45 
and m44: and four A-U base pairs adjacent to the cap in fragment 
m52). Although absence of significant complementarity cannot be 
proved until additional portions of the 18S rRNA sequence 
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become known. there is no evidence in eukaryotic systems for even 
a moderately-stable. specific interaction between messenger and 
18S ribosomal RNA. This seems to be true not only for reovirus, 
but also for the 5’ non-coding regions of rabbit globin**, brome 
mosaic virus? and SV40 VP! messages’°. Although base pairing 
with ribosomal RNA has been postulated for those three mess- 
ages, the proposed interactions (involving primarily A-U base 
pairs, interrupted by unpaired residues in the case of SV40 VP 1) are: 
predicted to be far less stable than those demonstrated with 
prokaryotic messages”. Furthermore, while the region postulated 
to undergo base pairing with ribosomal RNA is located in a rather 


constant position relative to the AUG in prokaryotic messages, - 


this is not true of the eukaryotic initiation: sites®. 





suggestion that base pairing with ribosomal. RNA might he to 


position the ribosome on eukaryotic messages seems to derive — 
more from analogy with prokaryotic systems than from predication. 
based on the available eukaryotic ribosome binding sequences: 
Although eukaryotic cellular mechanisms often parallel those- 
observed with prokaryotes, perhaps the process of translational. 
initiation is exceptional, due to the structural differences between 
prokaryotic and eukaryotic messages. With polycistronic. pro- 
karyotic messages, which require discrimination between the few 
internal AUG and GUG codons that actually serve for initiation. 
and the much larger set of internal AUG and GUG codons which 
normally do not function as initiation triplets, a relatively intricate 
mechanism may be required for selection of the correct initiation 
sites by ribosomes. With monocistronic eukaryotic messages, on 
the other hand, initiation requires recognition of a single AUG 
codon, and inspection of the available eukaryotic sequences 
suggests that initiation begins at the AUG nearest the 5‘ end of the 
message. (Although the SV40 VPI sequence?® seems to be an 
exception, the possible occurrence of very limited processing of the 
VPI protein, involving removal of a few N-terminal amino acids, 
would hamper the correct identification of the initiation region, 
which was based not on ribosome binding but on a comparison of 
the nucleotide sequence of the DNA with the amino acid sequence 
of the mature virion protein.) Inclusion of the 5’ terminus as well as 
the AUG triplet within all six 40S ribosome-protected. reovirus 
fragments is consistent with the possibility that these two elements 
are necessary features (recognition signals) in eukaryoticinitiation 
sites. The absence of other detectable homologies among the 
limited set of eukaryotic initiation regions sequenced to date may 
mean that the presence of an AUG triplet near a 5’ terminus 
(usually, but not necessarily capped) is sufficient to direct binding 
of eukaryotic ribosomes. This ‘minimal recognition’ hypothesis 
will undoubtedly require modification as more data becomes 
available. For example, if an AUG codon in the 5’ region of an 
RNA molecule were masked by the surrounding secondary — 
structure, that AUG might not mediate initiation unless a 
mechanism were available to denature the RNA. Furthermore, an 
AUG codon located extremely close to the 5’ terminus, as in 
Sindbis 42S virion RNA (m7GpppAUG)’', would probably. be 
non-functional because of steric considerations. We suggest, based 
on evidence to be published elsewhere, that the methylated cap 
functions secondarily, in a way that does not affect where the 
ribosome attaches to the message but that greatly increases the 
yield of initiation complexes. The secondary and tertiary structure 
of the intervening region, between the 5’ terminus and the AUG 
triplet, might also be expected to influence translational efficiency 
by determining the spatial orientation of the two putative 
recognition elements. Thus, although the presence of an AUG 
codon near the Send ofan RNA chain might be sufficient to permit 
acertain low level of ribosome binding. other structural features in 
the RNA probably modulate the initiation event. 

I thank Dr Aaron Shatkin for helpful discussions and encourage- 
ment. 
Received 31 May: accepted 22 July 1977. 
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Identification of cosmic y-ray sources 
CG135+1 and CG189-+1 with HII regions 


ELeven unidentified y-ray sources have been reported by the 
COS B group! one of which was previously known from the 
SAS 2 satellite’. Here, | point out two likely associations of the 
new sources with giant HII regions. CG135~ | lies in the direc- 
tion of the complex of HII regions, OB associations, molecular 
clouds and dust in the Cas OB6 region of the Perseus arm. An 
Ha photograph and identification chart for this region is given 
in tet, 3. The HII region W3 (1C1795) is located at (/ = 133.7°, 
b == + .1°), which is only 0.7° outside the one standard devia- 
tion error box for CGH35=+ 1 (/ = 135.5°+1.0°, b = 1.5°+4 
1,0°)!. The SAS 2 longitude distribution? is consistent with the 
existence of this source. 

W3 lies at a distance of ~ 3.1 kpe in the Perseus armë, and 
contains 10 infrared sources®*, four condensed centimetre 
sources W3(A,B,C,D) (ref. 8) and an OH maser source?. A 
spectrum of W3(A) from 408 MHz-10" Hz is given in ref. 9. 
Kriigel and Mezger'® suggest that W3 is an O-star association in 
a very early evolutionary stage, the component W3(A) consisting 
of a compact dense shell of ionised gas surrounded by a dense 
shell of neutral gas (density ~ 10'cm~*). The total infrared 
luminosity is ~ 10° L- (ref. 11); I-mm observations!” suggest a 
column density for W3 of 10° H, molecules cm~*, and an H, 
mass of 10 Ma. 

The reported intensity of CG135+1 is ~ 2x10- photons 
(> 70 MeV) cm~?s~! (ref. 13). If the cosmic-ray proton inten- 
sity is the same in W3 as locally, we can estimate the intensity of 
m’-~decay y rays using the source function given by Stecker™ to 
be ~ 1.6 Bremsstrah- 





© 10°" photons (> 70 MeV) cm~257! 
lung interactions may increase this by up toa factor ~ 2 (ref. 15) 
if the e/p ratio is the same in the cosmic-radiation flux near W3 
as locally. Thus if the identification is correct, a density of 
cosmic radiation ~ 10} the local density is required: this 
might be plausible if the sources of cosmic rays were associated 
with the young stars in the HIL regions. The particles could 
either have been accelerated in the stars themselves, or in an 
associated supernova or SNR (the SNR HB3 is nearby and may 
be physically connected with W317), The association of W3 
with the y-ray source, however, could be attributed to an unseen 
y-ray pulsar (there is no known radio pulsar in this direction) or 
an unknown y-ray emitter connected with young stellar 
populations. 

I also suggest the identification of the source CGI89+1 
Q = 189.092 1.59) b= 1.0°+1.5°)! with the HIE region 
NGC2175 at / = 190°, b = +0.5°. Aperture synthesis obser- 
vations of this object, and a report of an associated CO cloud 
20 pe in diameter, have been published!*. 

NGC2175 has the same 6-cm flux density (30 Jy) as W3(A)® 
and should have a similar infrared intensity to W3(A) if the 
proportionality of infrared to centimetre continuum applies". 
The positional coincidence here is in fact better than for W3. 





The y-ray source is extended in latitude’, and also includes 
the direction to the SNR IC 443 (/ = 189, be» = 3.2)" 
which is an X-ray source®!, The distance to both IC 443 and 
NGC 1275 is about 1.5 kpe, so that the possibility of a physical 
connection is not ruled out, in which case the situation may 
provide a case similar to that for W3 and HB3 discussed above. 

If y-ray emission is a common feature of objects like W3, 
other objects with similar radio and infrared fluxes should be 
y-ray sources. Of the objects listed in refs 7 and 11, only W75 
lies within the four areas examined by the COS B group'. W75 
( = 81.9°, b = 0.8") lies in the very densely populated 
Cygnus region in which the visibility of individual sources is 
rather low. The nearest y-ray source is CG78.1 (/ = 78.5" =: 
0.5°, b = 1.5° +-0.5°). 

The Orion complex (M42)should be easily observable if the W3 
identification is correct, since it is about five timesas intense both 
at 30-300 um and at 2 cm (ref. 11), and is ina region away from 
the Galactic plane where point-source visibility should be good. 
But it lies outside the four regions examined by Hermsen et al", 
M17 is also a good candidate, being brighter than W3 in both 
infrared and radio; however, it is in the galactic plane at longi- 
tude 14.7°, and hence harder to distinguish from the galactic 
background. 

I thank Professor A. W. Wolfendale for useful discussions 
and the Royal Commission for the Exhibition of 1851 for the 
provision of a Fellowship. 


A. W. STRONG 


Physics Department, 
University of Durham, 
Durham, UK 
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Tidal interactions and 
the massive halo hypothesis 


THe idea that galaxies may be surrounded by large amounts of 
unseen material has become very popular. The arguments 
favouring such massive’ haloes are almost all based on the 
dynamical analysis of galaxies either individually or in groups, 
and they have been cogently assembled by Einasto et alt and 
by Ostriker et al,*. They concluded that galaxies may well be 
surrounded by large (~ 100 kpc) or very large (~ 0.5 Mpc) 
‘isothermal haloes’ whose mass varies as the radius within 


views have subsequently received support from Arecibo observa- 
tions which found flat HI rotation curves to very large radii for 
several spiral galaxies*, and from analyses of the dynamics of 
new samples of binary galaxiest and of groups of galaxies’. The 
most extreme form of the massive halo hypothesis postulates 
very large haloes which are the dominant constituent of the 
Universe, and in which the observed galaxy is little more than 
contaminating debris left over from the formation of the unseen 
object’. It is disquieting that there seems to be little chance of 
direct observation of this dark material, and this letter points 
out that dynamical constraints can be put on either the extent or 
the universality of galactic haloes. 

When a cluster of galaxies collapses and comes to equilibrium, 
the structure of the subunits which were its progenitors is 
rapidly broken up by the violent relaxation of the cluster as a 
whole’; similarly, if the individual galaxies in a group are too 
large, they may interact strongly enough that the whole group is 
soon smoothed into a single unit. Richstone showed that even if 
the galaxies in the core of the Coma cluster had once had suffi- 
ciently large haloes to contain the missing mass, their mutual 
interactions would by now have consigned 90°% of the material 
to an intergalactic pool’. Galaxy-galaxy interactions are 
weakened by high encounter velocities in Coma, however, and 
should be much stronger in small groups where the velocity 
dispersion is of the same order as the internal dispersion of the 
individual galaxies: if the tidal destruction of galaxy—halo units 
has gone most of the way to completion in Coma, it may have 
gone entirely to completion in many groups. 

The consequences of tidal interactions for the massive halo 
hypothesis are most easily discussed for binary galaxies. If 
haloes of almost unlimited extent form around most galaxies, 
the mass distributions of the members of a binary will overlap, 
and they may well orbit within a common envelope. Tidal effects 
will then cause the loss of orbital energy into internal energy and 
the merging of the observed galaxies. S.D.M.W. has recently 
carried out full N-body simulations of the interaction between 
pairs of 250-particle ‘galaxies’, and has found that if two equilib- 
rium ‘galaxies’ are placed in a bound orbit in which their mass 
distributions significantly. overlap, they merge very rapidly 
(compare ref. 9), The details of these calculations will be pub- 
lished elsewhere, but this statement may be quantified by noting 
that, for the near isothermal (p ~ r~?) ‘galaxies’ studied, the 
condition rye, S 37, was sufficient for the binary to merge 
completely within one initial orbital time of its first close 
approach, where fryer; is the pericentric distance of the initial 
orbit and r, is the half-mass radius of the initial ‘galaxies’. 

The dire implications of this result for the hypothesis of uni- 
versal massive haloes can be seen from Fig. 1 which plots the 
quantity N = Av/(2)'nfyr, against magnitude difference for the 
59 statistically selected binaries in Turner’s sample (Av and r,are 
the observed velocity difference and projected separation): note 
that the galaxies in most of the pairsareofcom parable magnitude. 
Orn the assumption of similar randomly-oriented circular orbits 
the median value of N is an unbiased estimator of the number of 
orbits the binaries have executed in a Hubble time (taken as 
H,~'); it should be close to the median number of actual orbits 
for the observed sample. The median pair has apparently execu- 








logo N 


Fig. 1 The Am-log N distribution for the 59 binaries in Turner’s 
sample. Am is the magnitude difference between the pair members 
and N is the estimated number of orbits completed in a Hubble 
time. Errors in log N have been calculated for representative 
points using Turner’s quoted uncertainties in Av and rp. 


ted 13 revolutions since the beginning of the Universe: either 
Turner’s binaries do not overlap substantially anywhere in their 
orbits, or they will spiral together in the next few billion years. 
Discounting optical pairs there are about 139 true binaries in the 
Zwicky catalogue satisfying all Turner’s selection criteria; if 
their median remaining lifetime is equal to their median apparent 
orbital time, then roughly 13 x 4x 139 ~ 900 similar pairs should 
have merged in the past. This number is 20% of all the galaxies 
in the correct magnitude range in the part of the sky surveyed; it 
is likely to be a severe underestimate of the total number of 
binaries which have merged in the past both because of the 
stringency of the sample selection criteria and because the 
initial distribution of separations may have been more strongly 
peaked at small radii than the distribution implicitly assumed 
above. We estimate that these effects could increase the per- 
centage of merged binaries by a factor between two and five. 

If one is unwilling to accept that most of Turner’s pairs will 
merge during their next orbital period, one can ask how small 
their haloes need to be to avoid strong tidal interactions. The 
mean projected separation of the 59 pairs in the sample is 79 kpc. 
Under the assumption that the distribution of pair separations 
is a power law and is independent of the magnitudes of the con- 
stituent galaxies, the correction factor from mean projected 
separation to mean true separation is easily, calculated. For all 
pairs with given magnitudes at a given distance, 
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where 9 is the angle between the separation vector and the line 
of sight, a(r} is the distribution of separations, and f(r sin®, D) is 
the probability of inclusion as a function of projected separation 
at distance D. If a(r) « r` each integral can be separated into 
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an integral over r sin 8 which cancels out of the fraction, and an 
integral over 0 which remains to give 


Rİ? m2 
D [oo sin’ o/ fa sin’-0 (1) 
= 


This result can be expressed in terms of I-functions for all 
y > 0. Since equation (1) does not involve D it holds for the 
sample as a whole, and the correction factor is independent of 
whether the averages are number or luminosity weighted. 
Turner obtains y = 4 for his sample, giving r,/r = 0.46; the 
mean true separation of his pairs is, therefore, 173 kpc, and if 
they are not to be strongly interacting we require r; < 58 kpe 
on average for the haloes of the constituent galaxies. This limit 
must be reduced if the orbits are sensibly eccentric since the 
condition for merging applies to the distance of closest approach, 
whereas most of the pairs will be seen near apocentre. 

Although the above arguments are crude, they demonstrate 
that while certain dynamical considerations seem to require 
massive haloes, there are others which can severely constrain 
them. 

We thank Jerry Ostriker, Martin Rees and Ed Turner for 
helpful discussions. 
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Surface area and 
secondary nucleation theory 


Primary nucleation theory involves estimating the maxi- 
mum free energy necessary to form a crystal of sufficient 
size so that further crystallisation results in a decrease in 
free energy. This free energy increase is caused by the 
creation of surfaces with the liquid or vapour. (The number 
of sides will depend on crystal symmetry and crystal 
habit. Here we will consider only the simplest six-sided 
crystal.) After a crystal of this minimum size has been 
formed it is often necessary to consider a secondary nuclea- 
tion process which,involves the maximum free energy neces- 
sary to crystallise a new layer on one of the existing flat 
crystal surfaces. This note reports an error in the estimation 
of surface area in the theory of secondary nucleation pro- 
cesses. This error makes little difference when applied to 
the crystallisation of small molecules but it can have sig- 
nificant results in the crystallisation of polymer molecules. 

The secondary nucleation process controls the growth 
rate even after the primary crystal has grown macroscopi- 
cally large. Again the cause of this free energy increase is 
assumed to be the creation of new surfaces between the 
crystal and the liquid (or vapour). It has become traditional 
in such nucleation processes to count only four of the five 
surfaces which such a secondary nucleus has exposed to the 
liguid. The argument being that the fifth surface simply 
replaces an equivalent surface on the parent crystal and 
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Tertiary 





Secondary 


Fig. 1 Illustration of the four nucleation processes. Primary 
nucleation controls the number of crystals. Secondary nucleation 
controls the crystal growth rate. In polymer crystallisation tertiary 
nucleation controls the molecular fractionation process and 
quaternary nucleation may influence the morphology. In all of 
these processes the free energy of the nucleus is influenced not 
only by the surface energies but also by the change in conforma- 
tional entropy of any attached cilia. 


thus does not contribute to the increase in the total free 
energy. But the parent crystal may now be so large that 
any increase in the surface area of a secondary nucleus is 
insignificant in relation to the total free energy. The total 
free energy change reaches its maximum value at the 
critical size for the primary nucleus. It is not the change in 
total free energy which is important in secondary nucleation 
but rather the change in the free energy of the secondary 
nucleus considered as a small thermodynamic system’ which 
controls secondary nucleation. A small thermodynamic 
system is one whose extensive properties (such as its free 
energy) may not be considered to be precise linear homo- 
genous functions of the thermodynamic variables. In such 
a system the surfaces have a dominant role in determining 
the free energy and one must consider all the surfaces which 
the small thermodynamic system makes with its surround- 
ings. A coherent ‘surface’ which a secondary nucleus makes 
with the parent crystal may be considered to have zero 
surface energy but all surfaces which the nucleus makes 
with the liquid (or vapour) will contribute to the thermo- 
dynamic properties of the nucleus. 

This distinction is not important when the crystallising 
entity is an atom or small molecule, since the secondary 
nucleus will always be one molecule in thickness, (or even 
if it is not, no difference in morphology can be distinguished) 
and the values of the surface energy derived from the 
kinetics of crystallisation have little intrinsic use except for 
comparison with other similarly derived data. But in con- 
sidering the crystallisation of polymer molecules, the neglect 
of this fifth surface has led to the conclusion that such 
molecules should also crystallise in a monolayer of regularly 
folded chains*™*. 
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Table 1 Number of crystal faces (six-sided crystal) 





Classical Small system 
Primary nucleation 6 6 
Secondary nucleation 4 5 
Tertiary nucleation 2 4 
Quaternary nucleation 0 3 
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Although this assumption has led to reasonable results’ 
in explaining crystal growth kinetics and chain fold lengths, 
` there are some experimental results which are incompatible. 
For example, large extended chain polyethylene crystals 
with very obvious striations parallel to the chain direction 
which should provide ideal secondary nuclei have been 
shown* to be ineffective in promoting crystal growth when 
exposed to molten polyethylene substantially below its 
melting temperature. Furthermore, when the temperature 
is lowered sufficiently to allow crystallisation to proceed it 
does so by chain folding rather than extending along the 
existing secondary nucleation sites. These results can be 
explained by including all surfaces which a crystallising 
molecule makes with the liquid in the estimation of its free 
energy change’. Table 1 summarises the number of surfaces 
for each type of nucleation for both the classical and the 
small system: approach. 

Since tertiary nucleation and quaternary nucleation pro- 
duce no detectable changes in atomic or small molecular 
crystallisation they need only be considered in polymer 
crystallisation where they are important in controlling mor- 
phology and molecular fractionation. In addition, in polymer 
crystallisation one may have surfaces exposed to the liquid 
which have attached portions of uncrystallised molecules. 
These attached molecules (sometimes called cilia) make 
important differences in the conformational entropy change 
and when added to the surface energies of the various 
nucleation processes make up the molecular nucleation pro- 
cess suggested by Wunderlich’. 

The principal difference in applying this small system 
thermodynamic approach is the conclusion that secondary 
nucleation of polymer molecules need not result in a mono- 
layer of regularly folded chain crystals but more likely will 
produce a multi-layer nucleus in which each molecule is 
folded into a more compact bundle with a random arrange- 
ment of folds. 
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Crystal structure of alinite 


ALITE, a major. constituent! of Portland cement, is essentially 
tricalcium silicate Ca,(SiO,)O, which contains both (SiO) 
and free O?~ ions%3, It is of interest to cement technology to 
examine how chloride contamination of the raw materials affects 
the phases present in the resulting cement, and the extent to 
which the free oxide ions of tricalcium silicate are replaceable by 
Cl~. While this replacement can be regarded as complete in the 
compound! Ca,SiO,Cl,, it is only partially accomplished in 
-the new compound alinite, which is described in this note. 
_ Single- crystals of the new compound alinite were obtained 
from cement clinker containing additional Mg, Al and Cl. The 
crystals have diffraction symmetry 14/mmm, with a = 10.4714 
ande = 8.6171 (16)A. In the completed structure, in the space 
group 142m (no. 121), with R = 0.034, based on 401 indepen- 
dent reflections, the unit cell contains two structural units of 
ideal formula Ca,,(Sio.75, Alo.os)sOisCl. The structure exhibits 
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Table 1 Alinite—atomic parameters 





No. per Fractional coords ( < 104) 


a iso 
Atom cell x/a yib zje (Å= x 102) Occupancy 
Cal 16 ~6(4) 260911) 291401) 96 1.09 
Ca2 2 0 0 0 39 1.12 
Ca3 4 0 1/2 0 92 0,96 
Si 8 21071) 2107(1) S6) 8.32 LIHI 
Ol 16 1782(3) 36523) —101(9) 88 1.10 
02 8 1439(4) 1439(4) 1561(5) 48 110 
03 8 1450(5) 1450(5) 8489(6) gt Li 
04 4 0 1/2 1/4 82 1.09 
CI 2 0 0 1/2 168 1.05 





Estimated standard deviations are given in parentheses. 


isolated alumino-silicate tetrahedra within a framework consist- 
ing of three distinct types of Ca coordination polyhedra. 
Intensity data (sin?@ < 0.28) was obtained with an Enraf- 
Nonius CAD-4 diffractometer and MoKa radiation. Solution of 
the three-dimensional Patterson (vector) map by multiple super- 
position (the rhombus method’) yielded positions for five atoms, 
one of which was taken to be Si and assigned the /-curve for 
Si+, while the remainder were treated as Ca®*. Three cycles of 
structure factor calculation (in 14/mmm) followed by the pre- 
paration of electron density maps not only revealed the positions 
of all of the remaining (oxygen) atoms, but also identified the 











Fig. 1 The structure of alinite—general features. For clarity, 
representative Cl and O positions are indicated, but only as ver- 
tices of polyhedra. A, (001) projection, showing the three types of 
Ca coordination polyhedra and (Si, Al) tetrahedra. The smallest 
circles are (Si, Al) positions— @ and © indicate 20 and 2+0.5 
respectively. Intermediate © are Ca2. Intermediate @ represent 
overlapping pairs of Cal atoms (z ~ 0.29 and 0.71 at the cell 
edges; z x 0.79 and 0.21 elsewhere). The largest @ represent 
overlapping pairs of Ca} atoms (z = 0 and 0.5). B, One layer of 
the structure parallel to (010) at y = ł showing pairs of face- 
sharing Cal octahedra and (Si, AD tetrahedra—large and small 
circles represent Cal and (Si, Al) atoms respectively. 
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original atoms as 3 Ca, 1 Si and 1 CI, completely independently 
of any analytical data. Block diagonal least squares refinement 
of atomic positions (throughout) with alternate refinement of 
occupancies and Biso led to R = 0.09. The space group [42m, 
however, at a similar stage of refinement gave R = 0.08, and 
finally after refinement of anisotropic temperature factors R = 
0.034. The final parameters are given in Table 1. 

Although the completed structure indicates the contents of 
the unit-cell as Ca,,Si,O,,Cl, charge balance requires partial 
occupancy of the Si position by Al (Siy.75, Alo.25), to give the 
overall composition given above. The conditions in which the 
phase is obtained, and preliminary analytical data support this 
contention. 

The most frequently occurring Ca coordination is that of Cal. 
For example, indicated by i in Fig. 14, Cal (at 0.0, 0.26, 0.29) 
has as nearest neighbours: CI(0,0,4); O1(0.13, 0.32, 0.49); OI’ 
(--0.13, 0.32, 0.51); 02(0.14, 0.14, 0.16); O3(--0.15, 0.15, 0.15) 
and O4 (0,4,4). Each such octahedron shares its CI-O1-—Ol’ face 
with a second similar octahedron, related to the first by a two- 
fold axis passing through the Cl atom and the mid-point of the 
common O1l-O1 edge ((i)—-Fig. 18). Such pairs of Cal octahedra 
occur in four-fold clusters (eight octahedra in all) round the 
0,0,z lattice row, sharing Cl-O2 and Cl-O3 edges. The O2 and 
O3 vertices of two such clusters provide the cubic coordination 
of Ca2 ((ii)—Fig. 14). The Cal octahedron pair units are also 
further associated in pairs (four octahedra in all) centred on the 
0, 4, z lattice rows. In this case the O4 (0, 4, 4) and 04’ (0, 4, 3) 
common to both Cal octahedron pairs, together with the two 
shared O1-O1’ edges (one from each pair) complete the octa- 
hedral coordination of Ca3 (0, 4, 4) (Gii)—-Fig. 1A). A similar 
arrangement of four Cal octahedra, but with the octahedron 
pair interaction at right angles to that given immediately above 
applies to Ca3 at 0, 4, 0. Figure 14 and B also indicates the dis- 
tribution of the alumino-silicate tetrahedra. 

We thank H. F. W. Taylor and L. S. Dent Glasser for helpful 
discussions and the SRC for financial support (for V.V.I.). 
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The nature of metastable phases of carbon 


Tue following forms of carbon are already known: rhombo- 
hedral and hexagonal graphite, diamond, lonsdailite, carbines, 
Ries crater carbon, and metallic carbon. We describe here new 
metastable phases in the carbon system!'? which we detected 
while sintering highly dispersed diamond powders. Similar 
structures were also observed during explosive transformations 
of pyrographite® and in natural diamonds?’ that had undergone 
shock metamorphism. In all cases, the observed structures are 
close to those of the Ries crater carbon®, 

Under pressures > 600 kbar, carbon passes into the metal 
phase (C3)*?. When sintering diamond powders, it may be 
shown that the pressures set up between particles within the 
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contact interaction zone, substantially exceed the mean hydro- 
static pressures. 


f 
By using the Hertz solution on the interaction of two balls?, 


it is possible to find the radius of the zone of contact of two 
balls* (that approximate the diamond grains) of radius R 


OR 1/3 
o-(¥, 7 ) (1) 
E 1—o? 
a”) 


Here F , is the mean force applied to one sphere, o is the Poisson 
coefficient, E is the Young modulus. The mean pressure set up 
on the area does not depend on the particle radius and is equal 


to 
/ 
arr ee (2) 
ND 


where P, is the mean pressure applied to the chamber in 
sintering. In the case of diamond 2 ~ 1.5% 107? bar”, if we 
assume E = 9.5.10'? dyn cm~*, o = 0.25 (ref. 9). Then, 





where 





P = 2.7x 10! P,'8 (3) 


mean pressure within the contact zone will exceed 800 kbar. 
Therefore, when sintering the diamond powders, the appearance 





Table 1 Calculation of interplanar spacing (d) of the sintered 
diamond powder 





Starting 600 °C 800 °C Notes 
d(A) d(A) d(A) 
3.326 3.43 3.338 Graphite 
3.010 3.06 _ Ries carbon 
— 2.29 = Ries carbon 
— 2.12 -l Graphite 
2.045 2.07 2.062 Diamond 
1.965 mass — Lonsdailite 
m 1.52 -= Lonsdailite 
1.291 — = Ries carbon 
1.258 1.27 1.27 Diamond 
1.234 — 1,23 Graphite 
1.074 1.08 1.078 Diamond 
0.900 0.894 0.894 Diamond 
0.818 0.818 0.820 Diamond 
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of metallic carbon may be expected. As the metallic carbon may 
prove to be a metastable phase, it can pass into other forms of 
carbon. The additional phases that are observed in sintering 
diamond powders may turn out to be intermediate states 
between the metallic carbon, on one side, and the diamond 
and graphite, on the other. With this in mind, an experiment 
was carried out, in which the diamond powder having the mean 
radius of particles of about 2 um was subjected to compression 
at the mean pressure of 59 kbar and the temperature of 1,200 °C, 
Then the diamond powder was annealed in a hydrogen medium 
at temperatures of 600 °C and 800 °C for 1 h. The initial and 


the annealed powder were subjected to X-ray examination 


according to the Debye method. The examination results are 
presented in Table 1. 

From Table 1, it seems that many interplanar spacings (d) 
are recorded in the initial powder, this may be attributed to 
different forms of carbon. In annealing, the system passes to a 
state where only diamond and graphite are present. 
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Table 2 Results from the pulse-heated diamond powder 


Intensity d d diamond 
(relative units) (A) (A) Note 
100 2.05 2.06 

10 1.746 B-carbine (1.750) 
5 1.523 B-carbine (1.550) 

80 1.260 1.261 

70 1.073 1.075 

60 0.891 0.892 

70 0.818 0.818 





In the case of the pulse radiant heating of the diamond 
powder up to 2,000 °C and its rapid cooling (which obviates 
the annealing of metastable states), additional phases also 
appear, as shown by Table 2 

From Table 2, it seems that the carbines should occupy the 
intermediate place between diamond and graphite. 

One possibility is that, aside from the known crystallographic 
forms in the carbon system (like the boron nitride system), 
there exist transient metastable states whose stability is deter- 
mined by the potential barrier height. Transition from one 
form of carbon to another may occur, either via those metastable 
states or, possibly, directly. 

The following seems probable: the Ries crater carbon, which 
has formed on the place where a gigantic meteorite has fallen, 
is a product of the inverse transition of metallic carbon (or the 
phases that are close to it) into a state which is more stable 
under atmospheric pressure. 
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Etching on large 
single crystals of stearic acid 


Ercuinc is one of the most useful ways of directly observing 
dislocations in a crystal’. Many studies have been made of dis- 
locations in organic crystals, such as aromatic hydrocarbons?, 
but no reports on the dislocations in fatty acid crystals have been 
published because no large single crystal could be obtained. 
Recently we have succeeded in obtaining large single crystals of 
the saturated fatty acid stearic acid from solutions of organic 
solvents*. We describe here attempts to etch single stearic acid 
crystals using organic solvents. Optical and transmission 
electron micrographs of etch pits reveal several novel features 
and give an apparent correlation between the pits and the 
dislocations in stearic acid crystals. 

Crystals of stearic acid were grown from a solution in 
benzene; the average size was about 5» 5 mm? in area and 1 mm 
thick. The crystal form was monoclinic (B-form)*. The long 
chain of the stearic acid molecule was directed towards the 
(001) direction. 

Etch pits were optically observed on the as-grown (001), ab 
surfaces (Fig. 1). Attempts to etch other crystal surfaces were 
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Fig. 1 Optical micrograph of etch pits. Each direction was 
determined by the X-ray analysis. Etching for 5 s in acetone at 
18 °C. Scale bar, 30 um. 


unsuccessful. A variety of organic solvents were examined as 
etchants; acetic acid produced ill-defined patterns, while 
acetone, ethanol, benzene, carbon tetrachloride, and chloroform 
produced well defined etch pit patterns of lozenge shape. In 
every case, except for acetic acid, pits of about 10x 10 um? in 
area were easily produced within a few seconds at 18 °C all over 
the surface. As shown in Fig. 1, almost all the pits have a 
common crystallographic direction. The two angles of lozenge- 
shaped pits were 75° and 105°; the values were the same as 
those of the crystal habit. The density of the pits was of the 
order of 10‘ cm~*. Two types of pits can be seen from Fig. 1. 
One is of the inverted pyramidal shape, and the other is of the 
inverted truncated pyramidal shape. 


Fig. 2 Electron micrographs of two typical pits. Etchant, 
acetone. The first stage of replica was made by shadowing at 30° 
with germanium and by supporting normally with carbon. a, Two 
adjacent pyramidal pits; b, a flat-bottomed pit. Scale bar, 2 pm. 





Fig. 3 Optical photograph showing part of the whole cleaved 
crystal and a sketch of a cleaved crystal. The lower plate, not 
bent, was used for simultaneous observation. Scale bar, 1 mm. 


Transmission electron micrographs around the centre of an 
etch pit give molecular features of the etching process in detail. 
As shown in Fig. 2a the pit has several spiral steps whose 
terminations can be distinguished clearly at the specific points 
on the pit. These spiral steps also indicate a possible singular 
centre of the dissolution. Thus the pyramidal pit takes its 
position at the emergent end of the dislocation perpendicular 
to the (001) plane. Similar dislocations in stearic acid crystals 
have already been predicted from the observation of growth 
spirals on the as-grown (001) surfaces’. In Fig. 2, the flat area, 
without any etching step, of the pit-bottom can be thought to be 
molecularly flat. The molecularly flat-bottomed pit can be 
interpreted by the movement of the dislocation during the 
etching process; if the dislocation moves out of a pit formed 
during the first etching, further etching must enlarge the pit in 
the lateral direction so that the initial pit becomes flat-bottomed. 
At the same time, the movement of the dislocation would 
produce a new pyramidal pit at the final position of the 
dislocation. 

If a dislocation, penetrating through the crystal from one 
surface to another, does not move during the etching process, 
the pit in direct correlation to such dislocation would grow to 
be a deeper and larger pyramidal one, while the flat-bottomed 
pit becomes wider but not deeper, as the etching proceeds. The 
penetrating dislocation is expected to appear at the cleavage 
surface, To verify this, the etch pits on the as-grown surface as 
well as the cleavage surface, (001) plane, of a single crystal were 
observed simultaneously (Figs 3 and 4), Figure 4 shows the 


Fig. 4 Optical micrographs of the etch pits of pyramidal shape, 
no. | and 2, and of flat-bottomed shape, no. 3 and 4. a, taken 
in focus on the as-grown surface. b, taken in focus on the cleaved 
surface. Etchant, acetone at 18 °C. Scale bar 100 um. 
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developments of the two types of pits during their etching process. 
Two pits of no. 3 and 4, with a rather small-flat bottom at the 
etching time of 5 s, become large typical flat-bottomed pits in 
13 s after the start of etching. On the other hand, each pyramidal 
pit on the as-grown and cleavage surface becomes deeper and 
larger, and then each centre of the two pits approaches each 
other in the projected ab plane. This approach can be easily 
understood because the dislocation line is inclined to the direc- 
tion of the illumination. Thus it is obvious that two pyramidal 
pits observed in Fig. 4 lie at the two ends of the dislocation 
penetrating through the crystal. 
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Can sunspots influence our weather? 


Tue discovery of sunspots, in particular the I1-yr cycle, has led 
to many attempts to detect correlations between the sunspot 
number and weather changes in the Earth's troposphere’. The 
past decade has seen a renewed interest based on modern data 
and the concepts of solar-terrestrial physics*. 

Claims have been made about correlations between Ha- 
flares, crossings of the solar magnetic sector boundaries or 
sunspots, and tropospheric effects such as low pressure troughs 
at the 500-mbar level", the influx of stratospheric air masses’, 
thunderstorm activity’, geoelectric potential® or rainfall’. There 
is no general agreement about the reality of these effects because 
it is difficult to prove their significance and no acceptable cause 
and event mechanism has been proposed. Many authors have 
considered the invisible part of the active Sun as a possible 
source of these effects because the electromagnetic and cor- 
puscular components of the radiation from the active Sun 
generate spectacular disturbances in the atmosphere above 
60 km. The energies involved in bringing these disturbances 
about, are only a minute fraction of the solar constant and are, 
therefore, unlikely to have any direct influence on the tro- 
posphere*, 

King et al.” have shown that during the last | l-yr solar cycle, 
the sunspots tended to appear on preferred longitudes on the 
Sun so that a period of about 27.5 d, the mean period of the 
solar rotation, is clearly visible in the sunspot number. This is in 
accord with observations of coronal transients’, high-speed 
solar wind flows"! and the sector structure of the interplanetary 
magnetic field'*. King et al.” claimed furthermore, that the solar 
rotation effect in sunspots is correlated with changes in the 
height of the tropospheric 500-mbar level. The global pressure 
field displays a wave-like pattern with waves of zonal wave 
numbers 0, 1 and 2 having maximum amplitudes at higher 
latitudes’. 

Although this observation has not been confirmed it suggests 
a mechanism which may be associated with the visible spectrum 
of the solar radiation. Radiation from the active Sun, which 
behaves like a rotating beacon, may influence the transmission 
of the Earth’s atmosphere so that the radiation reaching the 
ground varies with the same period of ~ 27d. At least one 
piece of evidence indicates that the solar constant S observed 
on the ground exhibits such a periodicity with an amplitude of 
about 0.1 °, (ref. 13). 
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In order to estimate the reaction of the atmosphere to such a 
small variation of S, consider an isothermal atmosphere with 
scale height H = 8 km. The mean energy input per unit mass 
within the atmosphere due to a change AS = 107° (1—4) S =~ 
1 W m™ is given by 


= AS on 5 5 -i 
AQ = Ips = 23x 10° Wkg (1) 


the ground) and. § = 1.37 kW m`? (the solar constant). 
From the first law°of thermodynamics and the hydrostatic 
law, I estimate a pressure amplitude of 


AS 


lAp| = 4wH 





= JION m~ = 0.1 mbar (2) 


if @ = 2n/27d = 2.7 x10 s~, The solar radiation primarily 
heats the ground, from where it is transported into the atmos- 
phere through turbulent heat exchange. That transport mecha- 
nism is mainly effective within the lowest part of the troposphere 
so that AQ from equation (1) is probably an underestimation 
for that part of the atmosphere. The land—ocean coverage is 
such that global-scale waves including mainly those of zonal 
wave numbers 0, | and 2 are generated and propagate upwards. 
The prevailing, but fluctuating, westerly wind modifies the 
horizontal and vertical structure of the planetary waves, and it 
is clear that the only waves that will be detectable within the 
meteorological noise by a statistical analysis are those which 
have vertical wave lengths of the order of, or greater than, the 
scale height. It can be shown that these waves are of the Rossby- 
Haurwitz type having maximum amplitudes at higher latitudes. 

Detailed calculations (to be published elsewhere) assume a 
heat source distribution on the ground which reflects the land- 
ocean distribution". The heat input into the atmosphere by 
turbulent transport was derived from a diffusion equation™. 
Linear tidal theory was then used" to determine the meridional 
and the height structure of the individual wave modes in the 
presence of a constant prevailing westerly wind of the order 
10 ms~'. Only those wave modes were considered which have 
vertical wave lengths of the order or greater than one scale 
height. It was shown that for zonal wave number m = 2, these 
waves consist of eastward- and westward propagating waves of 
the Rossby-Haurwitz type. For waves of wavenumber m = 1, 
only westward propagating waves of that type exist, so that the 
waves of zonal wavenumber two probably will dominate. 
Maximum pressure amplitudes of | Ap | = 0.3 mbar near +60° 
latitude and on the ground are predicted for waves of wave- 
number two. Waves of such small amplitude are at the limit 
of detectability. But they may be found in analyses such as that 
carried out by King ef al.*. 

The mechanism suggested here may be the primary source of 
different types of Sun—weather relationship. If short-lived 
meteorological phenomena such as those associated with solar 
flares or sector boundary crossings are generated by active 
longitudes on the Sun, the 1 1-yr solar-cycle effects may be the 
result of an I l-yr variation of the amplitude of the 27-d forcing 
function. 
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Equatorial solar rotation and 
its relation to climatic changes 


THe equatorial solar rotation speed, estimated from observa- 


tions made over the past 10 years of the sunspot longitudin o 
motions over the solar disk, has shown a tendency tọ 
increase as relative sunspot numbers decreased, Du : 
these years, covering most of solar cycle no. 20 (196: 


the magnitude of the solar rotation speed averaged annual 


showed a good inverse correlation with the annual relative: 


sunspot numbers. I suggest here that this variation. of the 


equatorial solar rotation speed may be responsible for the- 


Earth’s present unusual climatic conditions. E ah 
The highest speed was observed for 1976, when. the 


` observed sunspot activity was at its lowest since 1967, except © 


for 1974, and was approximately equal to that estimated for. 
the year 1643, just before the beginning of the Maunder 
Minimum (1645-1715), during which very few. ¿sunspots 


were reported. According to Eddy er al.', there is evidence. 


that, during the Maunder Minimum, the speed of the 
equatorial solar rotation, averaged annually, was- 
larger by 4% or more than that now observed’. - 
They have based this assumption on analysis of the sunspot 
observations made by Scheiner, Hevelius and others in the => 
seventeenth century (see ref. 3 for details). Although the © 
causal relationship between the degree of the development of 
solar activity and the pattern of this solar rotation. speed 
was not known, their result suggested that, during the period. 


when this solar activity was higher relative to the averaged n 


one, this degree of development, as indicated by the relative 
sunspot numbers, for instance, must be lower than that 
observed for any other period when this speed is relatively... 
low’. Furthermore, from their results, it could be predicted’ 
that the severe climatic conditions experienced during the- 
Maunder Minimum might have been related to the strong 
depression of solar activity and hence with the increase of 
the solar rotation speed. 


Based on observations of the motion of sunspot groups n 


over the solar disk, Howard* has measured the yearly 
variation of the mean speed of the solar rotation as a 


Fig. 1 The relative sunspot numbers R since 1952. These 
numbers, often called the Wolf numbers R, are published 
annually by the Zurich observatory, based on the reports on 
sunspot numbers from observatories throughout the world. 
These numbers are counted by using the formula, R = k(10g-+f), 
where k, g and fare, respectively, the seeing factor, the numbers 
of sunspot groups and of individual sunspots. A curve predicting 
these numbers for the cycle no. 21 is indicated by a dotted line 
(see text). A heavy line shows the general trend of the sunspot 
activity for the three cycles nos 19-21. 
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function of the solar latitude for 1967-76. He found that 
this speed has gradually increased throughout this period 
until 1976, when the sunspot activity was at minimum. 
Furthermore, it should be noted that the speeds observed 
during the above period were all relatively greater than 
those estimated by Ward? for the earlier period. 

Although it is not clear whether this tendency will 
continue for the coming cycle no. 21, it seems likely 
that the whole pattern will still show the same tendency 
as observed in the last cycle no. 20 (1965-76), even though 
it might slow down slightly during the rising portion of 
this cycle (1977-79). As suggested in Fig. 1, the relative 
sunspot number for the next maximum is expected to be 
20 or so less than that observed in the last cycle, because 
the solar activity as a whole has tended to decrease since 
cycle no. 19 as predicted from both the observed pro- 
gression of the 80-year quasi-periodic variation of the 
relative sunspot numbers and the relatively slower start 
of the present cycle no. 21. 

In order to discover whether there is a causal relationship 
between the sunspot activity and the solar rotation speed, 
the values of this speed at the equator observed by Howard‘ 
have been plotted as a function of the relative sunspot 
numbers for the years from 1967 to 1976. Figure 2 clearly 
shows that the magnitude of this equatorial rotation speed 
has an inverse relationship with these sunspot numbers, 
Thus, the solar activity as a whole tends to decrease with 
the increase of the speed of the equatorial solar rotation 
during the above period. 
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Fig.2 The equatorial angular velocity 4 of the solar rotation as 

a function of the relative sunspot numbers R for the years from 

1967 to 1976 (@, average velocity). (The data are fromref. 4.) 

E with error bar shows the velocity for 1643, two years before the 
beginning of the Maunder Minimum!, 


If the sunspot numbers during cycle no. 21 vary as 
predicted in Fig. 1, the tendency shown in Fig. 2 would 
continue for this cycle because of the lower sunspot 
activity; that is, it is possible that this speed will increase 
to the values observed during the Maunder Minimum. 

In Fig. 2, the equatorial rotation speed for 1643, 
estimated by Eddy er al.', is also plotted as a comparison 
with the present trend. By examining the observed speed 
for 1643, the range of this speed has been estimated and 
shown with an error bar in Fig. 2. The mean value of this 
speed is almost the same as that observed in 1976, though 
the relative sunspot numbers are slightly different. Hence, 
it seems possible that the general trend of the variation 
of the equatorial rotation speed will be maintained during 
the new cycle if the relative sunspot numbers for these 
years ‘behave as predicted in Fig. 1. 
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Climatic conditions were very severe during the Maunder 
Minimum as recorded in London, for instance’’. When 
the observations from this period are compared with 
the corresponding climatic conditions, it becomes possible 
to conclude that the rare severe depression of the solar 
activity (and the consequent speeding up of the equatorial 
solar rotation) was responsible for this little ice age for 
70 years or more’. 

Figures 1 and 2 and the discussion on the Maunder 
Minimum, indicate that the Earth’s present unusual climate 
might be associated with the decreasing trend of the 
sunspot activity (Fig. 1) and the related increase in the 
equatorial solar rotation speed—the speed at the equator 
of the solar differential rotation. It therefore seems likely 
that the present unusual climatic conditions will remain as 
long as the solar activity continues to decrease. 

When we consider both the photospheric magnetic field 
and the high-speed flow of the solar wind during the past 
few years, it is clear that both the large-scale coronal 
hole and the apparent width of this high-speed flow region 
have been steadily growing*’. Their steady growth strongly 
indicates that the decrease of the solar activity is likely 
to continue for the coming cycles, continued observations 
would give us important clues as to the Earth’s future, 
in particular, to its climate. It may also be possible to 
study possible causal relationship between the Earth’s 
climate and the solar activity variations in the long term. 


KuniromMo SAKURAI 
Institute of Physics, 
Kanagawa University, 
Yokohama 221, Japan 


Received 26 April; accepted 2 August 1977, 


! Eddy, J. A., Gilman, P. A. & Trotter, D. E., Solar Phys. 46, 3-14 (1976). 

2 Ward, F. Astrophys. J. 145, 416-425 (1966). 

4 Eddy, J. A. Scient. Am. 230, No, 5, 80-92 (1977). 

4 Howard, R. Astrophys, J. Lett. 210, L159-L161 (1976). 

5 Eddy, J. A. Science 192, i 189-1202 (1976). i 

6 Bame, S. J., Asbridge, J. R., Feldman, W. C. & Gosling, J. T. Astrophys. J. 207, 
977-980 (1976). 

7 Levine, R. H., Altschuler, M. D. & Harvey, J. W. J. geophys. Res. 82, 1061-1065 
(1977). 


LEE ARENA IE SEE AES IE RESETS EAC ISS TYE TIE DETER ER 





Reproductive effort and life history 
strategy of the Aldabran giant tortoise 


THE Aldabra giant tortoise. Geochelone gigantea Schweigger, hasa 
large body size (19-120 kg)', long life span (65-90 yr}, late 
maturity (females 17-23 yr)*-+ and iteroparity*. The three isolated 
island populations of different densities on Aldabra show dissimi- 
larity in their reproductive parameters (for example mean clutch 
size, Mean egg weight, proportion of mature females breeding and 
the number of clutches per female per year) and in the variation of 
these parameters from year to year through annual changes in 
rainfall’. Moreover, their reproductive response to these changes in 
rainfall is rapid; they have a relatively high maximum (potential) 
rate of natural increase (maximum clutch size 28)? and mature 
females in the high density population are half the weight of those 
in the low density area?“*. | have postulated that the reproductive 
effort would differ between the different density populations and 
that this effort would change in relation to changes in food 
availability. This contention is supported by the results reported 
here. 

l examine here the apportionment of the assimilated resources 
towards reproduction, growth and respiration and the selective 
pressures which give rise to this allocation of energy. Assimilation 
(A) is defined as the sum of production due to reproduction (P,). 
production due to growth (P,) and respiration (R). After the onset 
of sexual maturity, growth is very slow (ref. 2 and my unpublished 
results) and for the purposes of this work is taken to be zero. Thus 
P.A = P,/(R+ P,) and this ratio will be used to measure repro- 
ductive effort. 
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Table 1 





Very low density (5 per ha)* 
1976 


Mean weight of mature female (g)T 48,300 
Reproductive output (g per ¢ per yr)} 4,204 
Reproductive output (kJ per § per yr) § 29,786 
Annual respiration.(kJ perY per yr) © 470,323 


Reproductive effort (4) 6.0 
*Figures taken fromref.d. - , 
+Maturity was determined by dissection’. i 
+Mean clutch size x mean egg weight x mean clutches per ¥ per yr?. 


Reproductive effort compared with population density and years 





Low density (7 per ha)* High density (27 per ha)” 
5 1976 1975 1976 
46,700 19,300 
2,303 2,772 91 303 
16.317 19.640 645 2,147 
455,905 201,864 
3.4 41 0.3 1.0 


Calculated using energy value per g dry weight of eggs excluding the shell (my work with N. K. Jenkins, in preparation). en 
€ Assuming 7 h activity (feeding) and 17 h inactivity (sleeping) per 24 h (from observation) (my unpublished results). Oxygen consumption in ml per 
animal per h (ref.11) is 140.8 (individual weight®-?’) for active animals and 45.47 (individual weight” *”) for inactive animals. Calorific equivalent for! mlof 


oxygen is 5.05 where respiratory quotient is unity! '. 


il Mean reproductive output/(mean reproductive output + mean annual respiration). 


This index is subject to several objections as it does not take into 
account the energy expended in growth in the annual energy 
budget (albeit low), finding or digging a suitable place for egg 
deposition, possible differences in.metabolic rates between in- 
dividuals from the three populations or possible variations in the 
energy costs of egg production. The care invested in a single 
offspring was estimated by the average egg weight as there is no 
parental care after oviposition. Recognising these difficulties, I feel 
that the methodology is adequate to allow discussion of the 
differences in reproductive effort and the life history adaptations of 
this large terrestrial herbivore. 

Table I shows the reproductive effort compared with population 
density during the 2 yr of study. Reproductive effort increased as 
the population density decreased. The rainfall increased by 
approximately 40% in 1976 compared with 1975 and there was a 
greater proportional increase in reproductive effort in the high 
density population than in the low density population through an 
increase in food resource availability. 

One would not expect any increase in reproductive effort by the 
low density population ifit was food resource limited. But both the 
very low density and low density populations are expanding’ ?. 
The apparently greater sensitivity of the high density population to 
changes in food resource availability (as represented by rainfall) 
suggests they are closer to the carrying capacity (that is available 
food) than in the low density population. The low density 
population is mainly limited, probably much below the level set by 
food availability, by high levels of nest destruction by nesting 
females caused by the severe lack of suitable nesting areas*. Indeed 
the increase in reproductive effort by the low density area females 
occurred through increasing mean egg weight, whereas in the high 
density area mean clutch size, mean egg weight and the proportion 
of mature females breeding all increased (ref. 3 and my work with 
M. Coe, in preparation). This was the only available ‘tactic’ left to 
the low density area females in order to increase their effort, as any 
increase in nest numbers would involve the destruction of an 
equivalent number of existing nests and an increase in clutch size 
would have a similar effect. In both years of study the number of 
nests remained the same?. 

In the high density population mortality is caused mainly by 
thermal stress’. Individual tortoises must spend the middle of each 
day (approximately 1000-1600 h) shading* and, as the distance 
between shade points particularly on the coast (with a high density 
population during the rains (ref. 4 and my unpublished results)) 
prohibits movement by exposing the animal to probable death, 
their feeding activities are confined to a specific area. Only during 
short (2-3 d) and infrequent periods of dull cloudy weather can the 
tortoise move more freely. When the Sun abruptly returns after 
these periods large numbers of recently dead animals are found 
well away from any available shade (my unpublished results). It 
can be predicted that as the rainy season gives way to the dry season 
(with. far fewer dull weather periods) food availability will 
decrease. Eventually the local population within these shade- 
focussed feeding areas must exceed the food availability and itis at 
this time of year that tortoises will move away from these areas in 
large numbers, presumably risking death through thermal stress 
rather than slow but inevitable malnutrition. This, mainly circum- 


stantial, argument together with other observations on reduced 
body size'?, retarded growth?:*, very low recruitment4, pre- 
ovulatory follicular atresia? and the ratio of estimated to predicted 
production’ supports the suggestion that the population in the 
high density area is at the carrying capacity determined by food. 

The low density population is in a relatively less food-limited 
environment and shows early maturity and. large clutches. of large 
eggs; whereas the high density population, living in a more food- 
limited environment, shows delayed maturity and small clutches of 
small eggs. Most of these parameters could be predicted if the 
position of the populations with respect to resources were the 
primary determinants of the evolution of life history characters. 
The advent of large eggs in the low density population, however, 
was not predicted as the eggs in the very low density and high 
density populations were both small?. Large eggs produce large 
hatchlings which survive better than small hatchlings*. Giant 
tortoise hatchlings for the first 2 or 3 yr of life feed in areas where, 
because of the terrain, animals older than 4-5 yr cannot feed (my 
unpublished results). It was argued? that these very young 
individuals had greater difficulty in finding suitable food in the low 
density area than in the other two areas and therefore the larger 
eggs were incorporated into the life history adaptation. Evidence 
for this hypothesis was inferred from observing that hatchlings in 
the high density area grew more than those in the low density area 
during the first year?. 

It becomes apparent when considering the high maximum rate 
of natural increase, the quick response to changes in food 
availability, the larger hatchlings in. the less-limited low density 
area and the lower mean weight of mature adults in the high density 
area that the Aldabran giant tortoise populations highlight the 
inadequate and over-simple concept of rand K selection®. The low 
mean weight of mature females in the high density area together 
with the ability to make a rapid and potentially large increase in 


. reproduction may have been selected in order to effect a compro- 


mise between parental risk (in making resources available to the 
offspring) and food availability. By having a smaller body size, a 
greater proportion of any increase in food availability can be used 
in reproduction without increasing, unacceptably, the risk to a 
parent's lifetime reproductive success. 

A recent paper’ on the problem of ‘temporally dynamic 
reproductive strategies’ viewed in terms of the conceptual frame- 
work of r and K selection concluded that mean r-K continuum® 
positions have relatively little explanatory value where a measure 
of year-to-year variation in reproductive effort is more relevant in 
considering life history strategies and selective pressures. More- 
over it was suggested that the proportion of mature females 
breeding can be used to infer variation in population reproductive 
effort. In the case of the giant tortoise the increase in reproductive 
effort in the low density population would be overlooked using this 
index because it occurred through an increase in mean egg weight 
and not an increase in breeding females. Additionally in the high 
density population not only did the proportion of mature females 
breeding increase but mean clutch size and mean egg weight also 
increased. Other work?:!° has emphasised the need to consider the 
environmental dimensions essential to provide complete under- 
standing of the evolution of life histories. It is hoped that this 
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example within a species clearly demonstrates some of these 
dimensions. 
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Behaviour of adult and immature male 
baboons during inter-group encounters 


SOCIAL interaction: between’ groups of Old World monkeys 
varies from peaceful mingling to marked aggression'*. One 
constant feature, however, concerns the differing behaviour 
of immature and adult males; and these differences have 
been related to differences in male reproductive success at 
different stages of the hfe cycle:-Immature and young adult 
males in multi-male groups of baboons and macaques fre- 
quently approach and interact with individuals outside their 
natal group, sometimes transferring from one group to 
another‘. Two suggested causes of such group transfer are 
inability to gain access to oestrous females in the natal group 
and attraction to oestrous females in other groups‘. In con- 
trast, adult males—both in species with one-male social units 
and in species with multi-male groups—-are frequently 
aggressive during intergroup encounters, often chasing or 
‘herding’ members of their own group'away from other 
groups”*'*. Herding usually involves high-ranking adult 
males who are also the individuals ‘who copulate most 
often’** Males are most likely to herd adult females, but 
rarely herd females who are lactating™-”, (Although occa- 
sional herding in gelada baboon one-male units has been 
reported"*) Herding has’ been suggested both to mobilise 
individuals before group movement’ and to maintain a 
male’s access to oestrous females over time”, To investigate 
the function of herding we observed the intergroup en- 
counters of one multi-male group of baboons for 15 months. 
Our observations suggest not only that herding 1s correlated 
with differences in male reproductive success but also that 
it is related to changes in the female reproductive cycle 
and to long-term bonds between particular males and 
females, 

We studied the intergroup encounters of a group of 
southern African baboons (Papio'cynocephalus ursinus) con- 
sisting of two adult males, eight adult females, and between 
14 and 20 immatures During 15 months’ observation, this 
group came to within 500m of another group on 174 
occasions, with such ‘encounters’ lasting from 15 min to 
16h (the latter occurred when two groups’ occupied 
adjacent sleeping sites) Although the study group regularly 
came into contact with three different groups, and behaved 
similarly during encounters with each, 77% of all en- 


counters involved one group of approximately 50 individuals . 


During 44% (77) of all encounters, one or more of the 
group’s five subadult males (estimated age 44-58 months) 


Nature Vol. 269 29 September 1977 


sat at the boundary between groups In addition, during the 
4 months preceding their emigration, at least one of the 
subadults exchanged affinitive gestures with the other 
group’s subadult males and/or copulated with the other 
group’s females on 59% (13) of all encounters Copulation 
occurred when oestrous females from the neighbouring 
group approached the study group and presented to both 
adult and immature males Although the females were 
occasionally herded away by the adult males of their group, 
such males never threatened males in the study group™ 
More often, males in the study group were able to respond 
to the females’ presents Immature males and the sub- 
ordinate adult male were more likely than the alpha male to 
receive presents, and subadult males were the most likely to 
respond to them (Table 1). When four of the subadult 
males emigrated from the study group, they did so following 
an encounter which included copulations, and they left in 
the company of oestrous females from the neighbouring 
group. ' 

Concurrently, more than 90% (159) of all encounters 
were accompanied by at least one ‘bout’ of herding by an 
adult male: separate bouts were defined as any instance of 
herding separated by an interval of at least 1 min when 
herding did not occur. The alpha male, who accounted for 
the largest single proportion of copulations’ and fertilised 
six of the eight females who became pregnant", was respon- 
sible for 85% of all herding bouts Immature males, in 
contrast, accounted for less than 1% of all observed herding 
bouts 





Table 1 Proportion of presents by oestrous females from neighbour- 
ing groups to which males responded, either by touching, grooming, 
or copulating with the presenting female 


No. of presents % Presents 
_ received responded to 
Adult: g g Alpha \ 0 * - 
subordinatee 20 10 
Subadult 3 ¢ A 10 40 
oy C 8 50 
K 4 50 
S 3 67 
L 17 59 





' During herding, the male involved chased one or more 
female around and through the group, repeatedly giving 
loud double-barks'™°'. Of 200 herding bouts, 81% (161) 
began with the chasing of one adult female During the 
course of herding, however, other animals were often sup- 
planted by the male’s approach and they, too, could be 
herded Herding seemed to cause great anxiety among 
females and immatures, who screamed, raised their tails, 
and fear-grinned as they were herded The net effect of 
herding was to drive most adult females, and many im- 
matures near them, away from the other group Herding 
was therefore both an aggressive, disruptive behaviour and 
a behaviour which tended to promote intragroup cohesion 
by maintaining spatial separation between groups. 

Throughout the study, there was a variable number of 
females each month either sexually cycling, pregnant, or 
lactating. Taking data from the 150 occasions when the 
alpha male ‘chose’ only one female for herding, Fig. 1 
shows that this male herded sexually cycling females more 
often, and lactating females less often, than would have . 
been expected had females been ‘chosen’ at random 

The amount of herding received by each female thus 
depended on both the ranging behaviour of her own and 
other groups, and her reproductive state when intergroup 
encounters occurred It was also possible to test for in- 
dividual preferences on the part of each adult male and to 


Nature Vol. 269 29 September 1977 


Fig. 1 Proportion of all adult females 
who were either (a) sexually cycling, 
(b) pregnant or (c) lactating each month 
(broken lines), compared with the 
proportion of the alpha male’s ‘choices’ 
for herding each month that involved 
females in each of these reproductive 
states (solid histograms). Sexually cycling 
females were chosen more often than 100 
expected in eight out of eight possible 
months, pregnant females more often in 
six out of 11 months, and lactating 
females more often in 2 out of 13 months 
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compare these preferences with the males’ long-term bonds 
with particular adult females. 

Examination of social interactions between the two adult 
males and eight adult females throughout the reproductive 
cycle indicated that, whereas each male formed sexual con- 
sortships with a number of females at the height of oestrus", 
males and females also showed individual preferences which 
persisted during pregnancy and lactation". Table 2 presents 
data on the relative frequency with which each adult male 
herded each female in different reproductive states. Results 
indicate that, in all reproductive states, males were most 
likely to herd females with whom they had the closest long- 
term social bonds. Each male’s preference for one specific 
individual often overrode preference for females in parti- 
cular reproductive states, as, for example, when the alpha 
male repeatedly herded his preferred partner even though 
she was lactating and there were other, sexually cycling 
females in the group. 

Disparities in the behaviour of adult and immature males 
may be related to the males’ differing access to oestrous 
females at different times during their life cycle. Adult 
males in the study group accounted for the great majority of 
copulations—particularly around the time of ovulation— 
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and seemed to limit the access of immature males to 
sexually receptive females". As a result, immature males 
may have been more attracted than adult males to sexually 
receptive females in neighbouring groups. fe 
The alpha male’s ‘choice’ of particular females for herd- 
ing had two important consequences. First, in both the 
short and the long term, it served potentially to increase his 
reproductive success by isolating from males in other 
groups (1) those females who were about to ovulate, and (2) 
those females in whom the male would invest the greatest 
direct social support in future. Male herding of sexually 
receptive females was therefore both behaviourally and 
functionally similar to the herding of oestrous females in 
intragroup interactions observed in a previous study. of-a 
multi-male group of baboons’‘. Second, male choice of parti- 
cular females seemed to minimise the potentially disruptive 
effect of herding. As noted earlier, each male was most 
likely to herd the female with whom he had the closest long- 
term social bond. Consequently, herding most often in- 
volved those individuals who were most likely. to follow 
agonistic behaviour with relaxed proximity or grooming". 
Males therefore seemed to be able to maintain separation 
between groups with a minimum of social disruption. 
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Table 2 Ranked frequencies with which each female was ‘chosen’ for herding by each adult male in each reproductive state 
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Alpha male (7 = 150) 


Sexually Sum of 
2° cycling Pregnant Lactating ranks 
H 2 7 6.5 15.5 
WwW 6.5 6 4 16.5 
L* 1 1 2 4.0 
S 6.5 5 6.5 18.0 
LP 6.5 4 3 13.5 
PM 4 8 1 13.0 
M 3 2 5 10.0 
‘P 6.5 3 8 17.5 





Subordinate male (n = 11) 


Sexually Sum of 
gẹ cycling Pregnant Lactating ranks 
H 5 5.5 5.5 16.0 
w* 1 1 1.5 3.5 
L 5 5.5 5.5 16.0 
S 5 5.5 5.5 16.0 
LP 5 5.5 5.5 16.0 
PM 5 5.5 1.5 12,0 
M 5 2 5.5 12.5 
P 5 5.5 5.5 16.0 


Senanima 


n, Number of herdings involving each male and one female. 
*Each male’s ‘preferred’ female!®14, 


Relative frequencies with which each female was chosen by each male in each reproductive state calculated as follows: for example, for the 


«alpha male and female H during H’s sexual cycle 


total times alpha male 
‘chose’ $H during @H’s sex. cyc. 


total times alpha male ‘chose’ 
any female during 2H’s sex. cyc. 


For every female, at least five bouts of herding occurred during each reproductive state. 
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Finally, the pattern of male herding reported here for a 
multi-male group of baboons bears several similarities 
to herding by hamadryas baboon males in one-male units". 
Results thus support the suggestion™’”* that there may be 
marked similarities in the pattern of social relationships 
within one-male and multi-male social groups despite the 
more obvious differences in group size and composition. 

We thank A. H. Harcourt, C. Packer, and especially 
Professor R. A. Hinde for advice and criticism during the 
preparation of this paper. 
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Nitrate reductase-deficient mutants in barley 


Morants have long been used to study genetic and 
biochemical regulation of metabolic pathways in micro- 
organisms. Often it is a relatively simple task to screen 
large bacterial populations for an individual lacking a 
specific enzyme or enzyme product. Defined enzyme 
mutants would also be valuable research tools for plant 
geneticists and biochemists. Unfortunately, very few bio- 
chemically defined mutants have been selected in higher 
plants, principally because of the genetic and biochemical 
complexity, and the long generation time of higher plants’. 
But, these obstacles could be overcome in plants by 
inducing high mutation frequencies and developing 
effective techniques for selecting biochemically defined 
mutants. High mutation frequencies can be readily induced 
in some higher plant species by sodium azide, a potent 
base substitution mutagen in barley’. Nitrate reductase, 
which has an important function in higher plants‘, has 
been extensively studied in bacteria and fungi’, is highly 
regulated**, and has several catalytic activities including 
NAD(P)H, FMNH: and reduced methyl viologen nitrate 
reductase activities, and NAD(P)H cytochrome c reductase 
activity’. Nitrate reductase is: therefore an excellent enzyme 
in which defined mutants in higher plants can be selected, 
studied, and compared with microorganisms. We describe 
here a procedure for the induction and selection of nitrate 
reductase-deficient mutants in higher plants, and the 
partial characterisation of three nitrate reductase-deficient 
mutants in barley. 

Nitrate reductase-deficient mutants were induced with 
sodium azide in ‘Steptoe’ barley (Hordeum vulgare L.) 
as described by Kleinhofs et al”. Steptoe barley seeds 
were hydrated at 0-2 °C overnight and then germinated 
at 20°C in vigorously aerated water for 8h. The seeds 
were then placed in an aerated solution containing 1mM 
sodium azide and 0.1 M phosphate buffer (pH 3.0) for 2h. 
The treated seeds were washed for 30 min, blotted and 
dried in a fume hood. The dry seeds were planted in an 
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isolated field plot. The crop produced (M: seed) was 
harvested in bulk. 

The nitrate reductase-deficient mutants were selected 
from the M: segregating population by qualitatively esti- 
mating in vivo nitrate reductase activity. Individual 7-d-old 
control or segregating M, seedlings with normal green 
appearance were screened for the presence of nitrate 
reductase activity by using a modification of the in vivo 
assay described by Finke et al.°. Approximately 8cm of 
the primary leaf was excised, cut in half, and placed in 
a test tube containing 4ml of an incubation medium con- 
taining 0.1 M potassium nitrate, 0.1 M potassium phosphate 
(pH7.0) and 0.01% Tergitol NPX. The leaf tissue was 
then vacuum infiltrated and incubated in the dark at 30 °C; 
nitrite was then determined as previously described’. 
Nitrate reductase-deficient seedlings were transplanted to 
soil and fertilised with ammonium sulphate. 

Nine nitrate reductase-deficient seedlings were selected 
from approximately 6,000 M: seedlings tested. None of the 
5,000 control seedlings tested was nitrate reductase- 
deficient. Five of the nine nitrate reductase-deficient 
selections were sterile or otherwise failed to produce seed. 
Progeny tests of the four selections confirmed that three 
(Az12, Azl3, Az23) are nitrate reductase-deficient 
(Table 1). 

These mutants have low in vivo nitrate reductase 
activity and low in vitro nitrate reductase activity when 
either NADH or FMNH; is used as an electron donor. 
Alt three mutants are also similar in that they have 
elevated leaf nitrate levels and nitrite reductase activities. 
But they differ in that Az12 and Az23 have low cytochrome 
c reductase activities whereas Az13 has cytochrome c reduc- 
tase activity similar to the control. Similar results were 
obtained with field grown plants except that the nitrate 
content of the leaves of the nitrate reductase mutant 
plants was much greater than in the control (Table 2). 
In spite of the low nitrate reductase activity, the mutant 
selections seem to be as vigorous as, and morphologically 
indistinguishable from, the control. 

The higher levels of nitrate in the mutants is presumably 
the result of the lowered capacity of the mutants to reduce 
nitrate The high levels of nitrite reductase in 
the mutants (Table 1) may be caused by the 
high levels of nitrate inducer, although the 
levels of nitrate in the control are well above those 
generally considered necessary to give optimum induction 
of nitrate reductase”. Alternatively, the mutants may 
have lower levels of reduced nitrogen available for the 
repression of nitrite reductase synthesis. Ammonium and 
other forms of reduced nitrogen have been reported to 
repress nitrate reductase synthesis® and would be expected 
to have a similar effect on nitrate reductase. 

The different levels of cytochrome c. reductase activity 
in the mutants seems to be the result of different muta- 
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Table 1 Nitrate, nitrite, cytochrome c reductase activities, and 

nitrate content of 7-d-old nitrate reductase mutant and control 
seedlings 


nt 


Selection NADH FMNH, invio NiRA CRA NO,” 
Azi12 0.4 0.0 0.2 315 43 1,80% 
Azi3 0.4 0.0 0.3 355 242 1,657 
Az23 0.3 0.0 0.3 370 36 2492 
Control 27.2 28.8 4.8 197 194 1,246 


Nitrate reductase (NRA) was assayed in vitro with NADH as 
electron donor (ref. 15), with FMNH, (ref. 16) and assayed in vivo 
(ref. 9). Nitrite reductase (NiRA) and nitrate content were deter- 
mined as ın ref. 15 and cytochrome c reductase (CRA) as ın ref. 12. 
Enzyme activities are expressed as umol per g of fresh weight per h 
and nitrate content as pg NO,;—_N per g fresh weight Plants were 
grown in a growth chamber at 20°C and continuous light for 7 d 
as described by Warner and Kleinhofs”. 
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Table 2 Nitrate, nitrite and cytochrome c reductase activities, and 

nitrate content of field grown (heading stage) nitrate reductase 
mutants and control plants 





N 
Selection NADH in vivo NiRA CRA NO,” 
Az12 0.3 0.8 604 114 1,007 
Azi3 0.4 1.6 625 288 1,135 
Control 19.6 10.0 226 174 41 





tional events. It has previously been reported that nitrate 
reductase also has cytochrome c reductase activity”, 
These results suggest that Azl2 and Az23 mutations 
inactivate or prevent the synthesis of the nitrate reductase 
enzyme including the cytochrome c reductase component 
whereas Azl3 seems to have the cytochrome c reductase 
portion of the enzyme still functional. Wray and Filner” 
reported that the cytochrome c reductase associated with 
barley nitrate reductase is induced by nitrate whereas two 
other cytochrome c reductases are constitutive and not 
associated with nitrate reductase. When grown on an am- 
monium nitrogen source, Az12, Az13 and the control have 
very low levels of nitrate reductase and approximately 
the same cytochrome c reductase activities (Table 3). 





Table 3 Induction of nitrate and cytochrome c reductase activities in 
12-d-old nitrate reductase mutant and control seedlings 





Selection Nsource NRA CRA NO-; 

Azi2 NO-; 0.3 29 2,506 
NH*, 0.0 40 13 

Az13 NO-; 0.3 343 2,579 
NH?*, 0.1 46 1 

Control NO-; 30.5 300 1,545 
NH*, 1.2 49 





When induced with nitrate, Az13 and control seedlings 
have a nitrate-inducible cytochrome ¢ reductase which is 
presumably associated with the nitrate reductase protein. 
Based on work with nitrate reductase mutants in Asper- 
gillus nidulans” and Neurospora crassa", it may be poss- 
ible to predict the nature of the barley nitrate reductase 
mutants. Mutations in the regulator loci in fungi’, 
result in the loss of all of the nitrate reductase catalytic 
functions and of nitrite reductase as well. Since all of the 
barley nitrate reductase mutants contain nitrite reductase 
then these mutations seem not to ‘be in the regulator 
locus unless nitrate and nitrite reductases are controlled 
by separate regulator loci in higher plants. Fungi nitrate 
reductase structural mutants generally have nitrite reduc- 
tase activity and in some cases nitrate-inducible cytochrome 
c reductase activity”. Therefore, Azl2 and Azl3 are 
probably nitrate reductase structural mutants since both 
mutants lack the nitrate reductase catalytic functions 
and have’ nitrite reductase activity. 

In addition to mutations in the nitrate reductase 
structural and regulator loci, mutations in the loci con- 
trolling the molybdenum component of nitrate reductase 
also result in the loss of nitrate reductase activity. In 
Aspergillus the molybdenum component mutants have 
nitrite reductase activity and either a constitutive or an 
inducible cytochrome c reductase activity. The mutants 
having the inducible cytochrome c reductase usually have 
low levels of nitrate reductase similar to Az13 (Table 3). 
Therefore, Az13 may be either a nitrate reductase struc- 
tural mutant or a molybdenum component mutant assum- 
ing the barley and Aspergillus systems are analogous 
Whether these nitrate reductase mutants are in the 
structural protein for nitrate reductase or some other 
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locus is not known. More mutants and subsequent analyses 
are needed to adequately resolve this question. 

The induction and selection of defined enzyme mutants 
such as the ‘nitrate reductase mutants described, should 
be of considerable help in resolving genetic and biochemical 
control mechanisms of metabolic pathways in higher 
plants. Nitrate reductase has received considerable atten- 
tion in the past 20 years but the work in higher plants has 
been severely handicapped by the lack of sufficient genetic 
diversity. Nitrate reductase-deficient mutants have pre- 
viously been identified in Arabidopsis thaliana” and now 
in barley. These mutants are an important first step for 
studying the genetic regulation of nitrate reductase in 
higher plants. 

This investigation was supported in part by the Graduate 
School research funds from the US NIH Biomedical 
Sciences support grant and College of Agriculture Research 
Center, Washington State University. 
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Possible in vitro test for screening 
drugs for activity against 
Babesia and other blood protozoa 


Tue normal method of screening compounds for activity 
against Babesia infections of animals is based in the first 
instance on testing the compound in laboratory rats or mice 
infected with B. rodhaini using a regimen similar to that 
described for the testing of anti-malarial compounds’. Most 
compounds screened against B rodhaini in this way show 
no activity at all, therefore there would be justification for 
developing an in vitro test which would greatly reduce the 
time, cost and numbers of animals involved. We describe 
here such a test which is applicable to all species of Babesia 
and which exploits the finding that Babesia parasites readily 
incorporate hypoxanthine in an in vitro culture system’. 

The parasites used were B. rodhaini* maintained in intact 
LACG mice, B. divergens‘ and B major’ maintained in 
splenectomised calves, and a Babesia sp. (probably B. ovis) 
recently isolated from Scotland’ and maintained in 
splenectomised sheep. 

Blood from infected and similar non-infected animals 
was set up in a series of flasks containing culture medium 
and a test compound. Appropriate controls were included. 
Cultures were incubated for 1h and *H-hypoxanthine was 
then added to all flasks, which were incubated overnight. 
*H-hypoxanthine incorporation was measured the next day 
by liquid scintillation counting’. The amount incorporated 


408 


by Babesia parasites was obtained by subtracting the count 
of non-infected blood from that of infected blood. 

Various compounds were tested and those that were 
active against Babesia parasites inhibited the uptake of 
"H-hypoxanthine, whereas inactive compounds did not 
(Table 1). Any compound which reduced the uptake of 
°H-hypoxanthine by about 75% or more was considered to 
be active. 

In addition to detecting active compounds, the test also 
indicated which drugs were most effective against particular 
species of parasite. Of the babesicides tested, Imidocarb 
and Amicarbalide were the most active in vitro against B. 
rodhaini and B. divergens, and Diminazene was the most 
active against B. major and “B. ovis”. These findings agree 
with in vivo studies (refs 8-10 and D. W. Brocklesby, 
personal communication). Diminazene, however, was in- 
effective in vitro against B. rodhaini and B. divergens at the 
concentration used, although in a subsequent experiment a 
tenfold increase in drug resulted in >95% reduction in 
*"H-hypoxanthine uptake. This drug was also less effective 
in vivo against these parasites*’®. In vivo studies with 
Trypan blue have shown that it is principally active against 
‘large’ babesias'’ and ineffective against B. ovis’, B. major” 
and the small parasites; similar findings were recorded in 
the present work. The antimalarial drug, chloroquine sul- 
phate, was ineffective in vitro against the three parasites 
screened; similar lack of activity was recorded in vivo”. 

Hypoxanthine itself blocked the uptake of *H-hypox- 
anthine, and both 6- and 2-mercaptopurine (structural 
analogues of hypoxanthine) seemed to be active. In vivo 
tests with these two compounds showed that they delayed 
time to death in B. rodhaini-infected mice by about 14% 
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(our unpublished observations). Their activity is probably 
explained on the basis of competition with hypoxanthine 
for the enzyme hypoxanthine guanine phosporibosyl trans- 
ferase™. Activity of 6-thioguanine can be similarly ex- 
plained. Occasionally more *H-hypoxanthine was incor- 
porated by treated samples than by controls. This could be 
as a result of drug-induced changes, such as increased 
parasite or erythrocyte permeability, or because of in- 
creased parasite metabolism, but such factors have not so 
far been investigated. 

A small amount of *H-hypoxanthine is incorporated by 
non-infected blood, principally by white cells. This amount 
is insignificant when compared with the massive uptake by 
Babesia parasites’. By subtracting counts of control blood 
from those of infected blood such ‘background’ was largely 
eliminated. Any difference in white cell count between 
control and infected blood, which might result in a possible 
difference in ‘background’, would not be detected by the 
present test. The counts can therefore be regarded as an 
accurate record of “H-hypoxanthine uptake by Babesia 
alone. 

The level of parasitaemia, provided it was >5% and not 
past peak’, did not seem to affect the percentage inhibition 
of *H-hypoxanthine uptake. For example, three trials with 
amicarbalide against B. divergens-infected blood of 12.5%, 
18.5% and 24.0% parasitaemia gave the following respec- 
tive figures for uptake of *H-hypoxanthine, 24.1%, 21.0% 
and 17.2%. è 

It is not yet clear how the test works, but a purine 
salvage pathway involving incorporation of hypoxanthine 
may be essential for nucleic acid synthesis in Babesia’, just 
as in Plasmodium™™", in which case any compound which 





Table 1 Percentage uptake of *H-hypoxanthine by Babesia spp. incubated in vitro in the presence of different drugs 








B. rodhaini 


Parasitaemia (%) 18.6 (3) 
Drug and type 
Purine 
Hypoxanthine 5.3 


Purine analogues 
2-Mercaptopurine 
6-Mercaptopurine 22 
8-Azaguanine 90. 
6-Thioguanine 4} 
8-Aza-adenine 60 
Allopurinol 5 

Pyrimidine analogues 
Fluorodeoxyuridine 82. 
Bromodeoxyuridine 73 

Antifolate 
Aminopterin 

Babesicides 
Trypan blue 
Quinuronium SO, 28.2 
Imidocarb 14.6 
Diminazene 39.5 
Amicarbalide 10.1 

Antimalarial 
Chloroquine SO, 

Control (no drug) 100 











Parasite 
B. divergens B. major ‘B. ovis’ 
18.3 (3) 9.3 (2) 4 
Uptake of ?H-hypoxanthine (%4) 
6.5 4.3 
8.7 (2)* 16.2 (2) 7.0 

42.1 (2) 32.2 

68.1 81.0 
34.9 39.5 
84.1 
34.3 

102.4 

122.7 

120.8 72.4 
36.7 67.7 90.0 
65.6 (2) 10.2 (2) 39.2 
13.5 32.7 
72.1 9.0 16.9 
20.8 (3) 24.1 (2) 35.7 
81.0 113.4 75.4 

100 100 100 





*Figures followed by (2) or (3) indicate that values are the means of two or three separate readings. Each reading represents the mean 


from duplicate samples. 


Blood from infected and control animals was collected into anticoagulant and washed thrice in PBS (pH 7.2). Aliquots of 6» 10° 
erythrocytes were placed in 25-cm? Falcon flasks containing 10 ml of Eagles’ MEM, supplemented with 100 IU mi~ of benzyl! penicillin, 
100 ug ml ~> streptomycin sulphate, 25 U mi~ mycostatin, 50 mM HEPES buffer (pH 7.2) and 10% foetal calf serum. Appropriate drugs 
were added to cultures at the rate of 20 pgml-!. Cultures were incubated at 37°C and after | h, 2 Ci of 3H-hypoxanthine mi~ (specific 
activity 1.8 Ci mmol ~?) was added to each culture. Cultures were further incubated overnight; erythrocytes were collected after centrifugation 
at 1.5002 and three washings in PBS. Cells were resuspended in 5 ml of PBS; t-m} samples were transferred to 5 m! of 5% ice-cold TCA and 
duplicate 1-ml aliquots of this suspension were passed through separate 2.5-cm diameter |.2-~m Millipore filters. Filter pads were washed 
and dried and then placed in scintillation vials containing 10 ml of toluene-based scintillation fluid. Counts per minute were recorded after 
10 min of counting in a liquid scintillation analyser at 8 °C. Uptake of ?H-hypoxanthine by parasites was recorded after counts were corrected 


to eliminate background and uptake by non-infected cells. 
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Table 2 Percentage uptake of 3H-hypoxanthine by normal and Diminazene-resistant’® strains of B. rodhaini incubated in vitro in the presence 
of different babesicidal drugs 





Strain of 
B. rodhaini Control Amicarbalide 
Normal 100 17.3 
Diminazene-resistant 100 11.6 


a 


Drug concentrations and experimental methods as for Table 1. 


inhibits parasite multiplication, and thus nucleic acid syn- 
thesis either directly or indirectly, will result in a reduction 
of hypoxanthine uptake The test may therefore be measur- 
ing the degree of drug-induced inhibition of nucleic acid 
synthesis Although the mode of action needs to be deter- 
mined, the test seems to be reliable, simple, quick and 
cheap, it does not involve the use of large numbers of 
animals; it can be applied to any species of Babesia; and 
the drugs do not require previous toxicity testing. Before 
in vivo tests, active compounds can be further screened at 
different concentrations in vitro and structure—activity 
relationships'* can be quickly evaluated. 

Preliminary tests with a Diminazene-resistant strain of 
B. rodhaini’ suggest that drug resistance patterns may also 
be detected by the inhibition of *H-hypoxanthine uptake. 
The results shown in Table 2 agree with in vivo tests 
which have shown that a Diminazene-resistant strain was 
also resistant to Qumuronium sulphate but less resistant 
to Amicarbalide and Imidocarb 

In vitro tests for the detection of antimalarial drug 
activity, based on the inhibition of ”P and *H-adenosine 
uptake by Plasmodium-infected ‘blood, have been des- 
cribed™? but never widely adopted, possibly because of 
their complexity or lack of versatility. The test described 
here does not seem to be subject to these constraints and, 
since many malaria parasites are known to incorporate 
hypoxanthine**** readily, the test could also be considered 
for the primary screening of antimalarial drugs 
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Drug 

Quinuronium SO, Imidocarb Diminazene 
28.2 14.6 39.5 
32.9 5.0 71.9 
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Synergistic interaction of testosterone and 
oestradiol inhibits permatogenesis in rats 


ONE experimental approach to male contraception has been the 
systemic administration of androgenic steroids, but treatment has 
failed sometimes to induce azoospermia'—*. To overcome this 
difficulty, androgen—progestin formulations have been tested, but 
they did not inhibit spermatogenesis completely in all treated 
men5~®, We thought that this variable response was probably due 
to the relatively weak anti-gonadotropic activity of both an- 
drogens and progestins and the difficulty of controlling precisely 
the dose of steroids administered We reasoned that azoospermia 
might be achieved in every male if steroids were administered 
continuously and at relatively constant rates and if progestins were 
replaced by a more potent inhibitor of pituitary gonadotropin 
secretion We describe here the results of a test of the efficacy of 
testosterone—oestradiol formulations administered to adult male 
rats by means of a subdermal sustained release device. Oestradiol 
was used because, like testosterone, it is a naturally occurring 
steroid secreted by the mammalian testis°-'* and because it 1s a 
potent inhibitor of pitustary gonadotropin secretion'*~'® 

Ninety adult male Sprague-Dawley rats (225-260 g) were 
assigned randomly to one of 15 treatment groups Subdermal 
implants of Silastic of different sizes, containing either testosterone 
or oestradiol-17f were used to administer steroid These sustained 
release devices were constructed from Silastic (polydimethyls1- 
loxane) medical grade tubing because studies ın our laboratory 
have established that such devices release hormonal steroids at 
relatively constant rates for a long trme’”'* Three groups of 30 
rats each were given either no oestradiol-17f or oestradiol-17- 
filled Silastic implants measuring 0 1 cm or 0 3 cm (release rate for 
oestradiol was approximately 0 1 pg cm~! d7~') The 30 rats in 
each group were further subdivided into five groups of six rats 
each, receiving either no testosterone or testosterone-filled Silastic 
implants measuring 10, 25, 40 or 6.0cm (release rate for 
testosterone was approximately 30 ug cm7! d~') The implants 
were prepared by filling Silastic tubing (Dow Corning No 
602-305) with steroid and implanting ıt subdermally as 
before!?-'8 Three months later the rats were weighed and 
decapitated, trunk blood was collected and serum was prepared 
for radioimmunioassy of oestradiol!?, testosterone?° and 
lutemmising hormone (LH)?!. The seminal vesicles and ventral 
prostate were dissected, freed of extraneous tissue and weighed, 
the fluid was expressed from seminal vesicles before weighing. 
Spermatids and spermatozoa were counted haemacytometrically 














Table 1 Average number of spermatozoa and spermatids ın adult male 
rats with subdermal implants containing testosterone or oestradiol 

Oestradiol 

implant Testosterone implant length (cm) 

length (cm) 0 I 25 4 
0 234412 19349 61439 174+6 80+19 
01 194418 38426 <I 4842 8547 
03 205415 <! <l 341 43411 





a 


Values represent the mean+8.e.m of six animals 
*Indistinguishable from zero. 
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Table 2 


Effect ef testosterone and oestradiol in subdermal implants on serum LH, testosterone and oestradiol and on the weight of seminal vesicles and 


ventral prostrate in adult male rats 





Control 

LH img mi ')* 8.0410 
Testosterone (ng mi~ ') 2.340.5 
Oestradiol (pg ml ~ ') 45. 8+11.0 
Paired seminal vesicle 

weight (mg) 454.04+8.0 
Ventral prostrate 

weight (mg) $77.0 +62.0 





Treatment 
2.5cm Testosterone 
2.5em 0.1} cm plus 0.1. cm 
Testosterone Oestradiol oestradiol 
2.9403 2.840.4 ND 
3.0406 0.9+0.5 2.2+ 0.2 
47. 5+11.0 46.24 3.0 42.74 40 
464.0 + 26.0 258.0 +28.0 451.0 +21.0 
686.0 +57.0 358.0 +36.0 678.0 +34.0 


SOOS OEA EEEE aana 


*Values are expressed in terms of ng equiv of NIAM D-rat-LH-RP-1 per mi of blood serum. The rat LH standard has a relative potency of 0.03 times the 


NIH standard (NIH-LH-S1) in the ovarian ascorbic acid depletion assay. 


Each value represents the mean +s.e.m. of the mean of six animal. 
ND. Not detectable. 


??_ Testicular 


from homogenates of testes from each anima 
perfusions were done as described earlier?>"?*, 

Testosterone administered in the absence of oestradiol (Table 1) 
caused the expected biphasic changes in the combined number of 
spermatozoa and/or spermatids per testis?*. Numbers of sper- 
matids and spermatozoa did not reach zero in any of the five 
treatment groups: this differs from the result reported by 
Berndtson er al.?>. The difference probably resulted because 
Berndtson ef al. quantified spermatogenesis by counting germ cells 
in histological sections of testes?>, whereas we used a haemacyto- 
meter to count nuclei of spermatids and spermatozoa ina testicular 
homogenate. No significant alterations in spermatogenesis were 
apparent in rats receiving oestradiol without testosterone (Table 
1). Surprisingly, testosterone and oestradiol doses (for example, 
1.0 cm testosterone plus 0.1 cm oestradiol) that failed significantly 
to inhibit spermatogenesis when administered alone, markedly 
inhibited spermatogenesis when given simultaneously (Table 1). 
This interaction is apparently synergistic (supra-additive) because 
increasing the dose of either steroid by more than two-fold did not 
result in the major suppression of spermatogenesis obtained with 
the combination of testosterone and oestradiol. 

The testes of each animal, treated with several of the 
testosterone—oestradiol combinations, were devoid of condensed 
spermatids and spermatozoa. At the lower dose of oestradiol-17f 
(0.1-cm implant), azoospermia was first obtained with a 2.5-cm 
Silastic implant of testosterone (Table 1). Consequently, further 
measurements were completed on animals receiving this steroid 
formulation, 

The results in Table 2 suggest that the 2.5-cm 
testosterone-0.1 cm oestradiol treatment inhibited spermato- 
genesis indirectly by suppressing release of immunoreactive LH. 
We cannot, however, rule out a direct effect of oestradiol on 
testosterone secretion because Chowdhury er al.?° suggested that 
oestrogen inhibits testicular steroidogenesis. Serum con- 
centrations of testosterone and oestradiol were similar to control 
values in rats receiving the combination treatment (Table 2). 
Serum testosterone concentration reflected the free biologically 
active hormone, for the accessory sex organ weights of these rats 
were not significantly different from those of control rats. 

These results raise two important questions about the mech- 
anism by which testosterone—oestradiol combinations induced 
azoospermia, because the circulating levels of each steroid re- 
mained within the range typically noted in the sera of untreated 
adult male rats. First, why were concentrations of peripheral blood 
serum testosterone and oestradiol not increased? The probable 
answer is that testes of rats receiving the 2.5-cm testosterone—0. 1- 
cm oestradiol treatment failed to produce testosterone. Testos- 
terone secretion by in vitro perfused testes from control rats and 
rats with the 2.5-cm testosterone—0.1-cm oestradiol implants was 
5.0 +s.e.m. 0.4 (1 =6) and 0.1 +s.e.m. 0.03 (n=6) ug h` °. Thus 
it seems reasonable to conclude that the implant was the major 
source of testosterone in the peripheral blood of the aspermato- 
genic rats. The steroids thus released replaced those usually 


derived directly from the testis or indirectly from peripheral 
conversion of testicular steroids. Presumably testosterone from 
the implants was sufficient to maintain peripheral androgen- 
dependent functions but insufficient to maintain the high intra- 
testicular concentration of testosterone?*-?” required for sperma- 
togenesis. The second question is: how did normal circulating 
titres of testosterone and oestradiol completely suppress circulat- 
ing levels of immunoreactive LH? Probably because, in contrast to 
the episodic fluctuations in testosterone titres seen in normal 
males?*. implants release steroids at relatively constant 
rates! ™2°-30, Thus it seems that sustained release of testosterone 
provides a more effective signal to androgen-dependent target 
tissues than the episodic fluctuations characteristic of intact 
animals?5> t, 

Thus azoospermia can be induced in adult male rats with the 
appropriate testosterone-oestradiol formulation administered 
from a subdermal sustained release device. Preliminary results 
from our laboratory suggest that these azoospermic rats are 
sexually active but, predictably, infertile. Taken together, these 
results indicate that androgen—oestrogen combinations are an 
effective male contraceptive formulation in the rat, and thus the 
suggestion of Briggs and Briggs? 2 to test such combinations in the 
human male should be taken up. 
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Anti-Müllerian hormone is a 
functional marker of foetal Sertoli cells 


REGRESSION of Müllerian ducts in male foetuses is mediated 
by a testicular factor distinct from testosterone’. This 
anti-Müllerian hormone (AMH), a protein which has been 
partially purified’, is synthesised by foetal Sertoli cells’. 
In mammals the first stage of testicular differentiation 
involves the arrangement of sustentacular or Sertoli cells 
around the gonocytes and their encasement in testicular 
cords. Leydig cells appear later in the interstitium and 
their differentiation is correlated with the onset of steroido- 
genesis. We thought that there might also be a correlation 
between the initiation of testicular anti-Müllerian activity 





Fig. 2 Histological aspect of the pig foetal testis studied by the 
silver impregnation method of Gomori**. a, 27 d: undifferentiated 


and the differentiation of Sertoli cells. Little work has gonad; testicular cords are not clearly outlined. The mesonephros 
been done on anti-Müllerian activity of the early foetal is on the right. b, 29 d: testicular organogenesis is complete; both 
testis. During the initial stages of testicular organogenesis the tunica albuginea and testicular cords are well differentiated. 


in the rat‘ and the guinea pig’, AMH production is low, n ; k 
but the rapid pace of sex differentiation in most rodents from foetuses up to 30d and by inspection of the genital 


hampers sequential study. Using sows (Sus scrofa), we tract in older ones. Testicular tissue was explanted on 
have avoided this problem, and confirmed that the an agar-coated grid placed in a Petri dish filled with Ham’s 
correlation exists. FI2 medium, and the anti-Miillerian activity of between 
Gestational age is known with great accuracy for sows two and five explants was tested promptly by association 
of the large-white breed, bred at the INRA Zootechnical with 14.5-d-old gonadless rat reproductive tracts’. In some 
Centre. Foetuses were tested for testicular anti-Miillerian 27 and 29-d-old pig foetuses one testis was cultured alone 
activity at between 27 and 34d of gestation. Sex was for 3d before testing. The test was terminated after 3d 
determined by cytogenetic examination of hepatic cells" by fixation and the degree of regression of the Miillerian 
ducts of individual rat reproductive tracts exposed to 

Fig. 1 Chronological development of anti-Miillerian activity of testicular explants was scored as before’. 
the foetal pig testis. See text for details. Inc., incomplete. Figure 1 shows that anti-Miillerian activity increased 


steadily from negligible levels at 27d to maximal values 


Z at 33d. The ridit method™™® of transformation of a 

2 0.75 non-parametric variable revealed a highly significant 

+ correlation (r = 0.59, P < 0.01) between anti-Miillerian 

= 0.50 activity and foetal age. We also found that anti-Miillerian 

g activity could be acquired in vitro, though at a slower rate. 
ae Testes from 27-d-old pig foetuses after culture for 3d 

§ 0.25 had a significantly higher mean anti-Miillerian activity 

Z (P < 10™ by Student’s paired ż test) than the contralateral 

a Tracts testes but lower activity (P < 107 by Student’s ¢ test) than 
with testes explanted at 30d of gestation. The same tests per- 






total inc. no. 


I formed on day 29 did not yield significant results (Table 1), 
50: 


probably because the basal level of anti-Miillerian activity 
was already high. 

Gonadal sex is recognisable by electron microscopy 
as early as day 26 in the pig foetus’. Using a light 
microscope, however, we were unable reliably to identify 
Foetal age (d) 27 2% 29 30 3il 3 3S F testicular organogenesis before day 29. Even then, primitive 
No. of foetuses 31 18 H 10 11 5 3 4 testicular cords, two to three cells wide, as described by 


Müllerian 
regression 
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Table 1 Jn vitro development of anti-Miillerian activity of foetal 
pig testis 
Age No. No. Comparison 
(d) of pig of tracts Mean ridit with preceding 
foetuses associated Ł s.e.m. group 
27 25 25 0.246 + 0.030 
27 + 3° 25 25 0.440 + 0.048 P< 10-*+ 
30 10 35 0.697 + 0,017 P< 10-7 (}) 
29 13 13 0.406 + 0,048 
29 + 3* 13 13 0.626 + 0.055 NSt 
32 5 14 0.588 + 0.049 NSt 


The mean ridit*® expresses the probability that a rat reproductive 
tract selected from those exposed to pig testicular tissue from a given 
age group will have a greater degree of Miillerian regression than one 
selected at random from the reference population (here, all 246 
tracts used in the study). NS, Not significant. 

*Days in culture before test for anti-Miillerian activity. 

+By Student's paired bilateral 7 test. 

tBy Student’s bilateral ¢ test. 


Moon and Hardy”, were visible only after treatment with 
Gomori’s silver impregnation” (Fig. 2). At day 29, also, 
testicular anti-Miillerian activity becomes clearly demon- 
strable (Fig. 3). It seems therefore that cellular rearrange- 
ments characteristic of seminiferous tubule organisation 
must be completed before the activity of early Sertoli 
cells can be demonstrated physiologically. Similarly, Leydig 
cells differentiate in the interstitium at approximately day 
31 (ref. 12), but peak testosterone concentrations are reached 
only by day 37 in the testis" and day 55 in the plasma". 
Testicular anti-Miillerian activity wanes and eventually 


Fig. 3 Anti-Miillerian activity of foetal pig testis, cocultured for 
3 d with 14.5-d-old gonadless rat reproductive tract. a, 27 d at 
explantation: slight inhibition of the Miillerian duct is shown by 
the formation of a peri-Miillerian fibroblastic ring. b, 29 d at 
explantation: the Miillerian epithelium has almost completely 
disappeared, replaced by a fibrous whorl. M, Millerian duct; 
W, Wolffian duct; T, pig foetal — Periodic acid Schiff stain 
was used. 
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vanishes after birth (see ref. 2 for review). This led Josso’® 
to conclude that AMH is a foetoprotein, that is no longer 
synthesised after the peri-natal period. In the light of the 
subsequent demonstration of the Sertoli-cell origin of 
AMH’, however, an alternative possibility should be con- 
sidered: formation of the blood-testis barrier could prevent 
detection of AMH by inhibiting its release from testicular 
explants. After the formation of occluding junctions 
between adjacent Sertoli cells, the products of these cells 
such as inhibin or androgen-binding protein, accumulate 
in seminal fluid and epididymis™"*, where a search for 
AMH might be rewarding for the understanding of the 
relationship between the function of the post-natal Sertoli 
cells and anti-Miillerian activity. 
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In vitro duplication and 
‘cure’ of haemopoietic 


defects in genetically anaemic mice 

SEVERAL types of congenital, genetically determined macro- 
cytic anaemias have been described in mice’™™*, These models 
offer a means of analysing the effects of mutations at defined 
loci on the ability of haemopoietic tissue to support stem 
cell proliferation and differentiation and allow studies on 
intrinsic defects in differentiation capacity of stem cells. But, 
analysis of these mutations and their implications in relation 
to pluripotential stem cell control have been hampered by 
lack of techniques, particularly of in vitro systems, for fur- 
ther defining regulatory interactions between stem cells and 
the haemopoietic inductive microenvironment. Here we 
report that the haemopoietic defects seen in W and Steel 
(SI) mice have been successfully reproduced in vitro. 

The pleiotropic effects of mutations at the W and Steel 
(S1) loci include macrocytic anaemia, extreme radiosensi- 
tivity, sterility and defective pigmentation’. The lesions in 
W mice are presumed to be due to intrinsic defects in 
haemopoietic stem cells, primordial germ cells and melano- 
blast precursors'*, whereas in SI mice the defect resides 
within the environment into which these cells migrate, that 
is, the haemopoietic microenvironment, the gonads and 
skin™™*“*. Support for this view is provided by the observa- 
tion that pluripotential stem cells detected by the spleen 
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Table 1 


Production of CFU-c and differentiating haemopoietic cells in continuous cultures of W/H'*, S//S/* and control bone marrow 


combinations 





Genotype of | Genotype of 


adherent marrow cells Weeks cultured* 
cells added i 2 3 4 
SIC+/+) SH +/+) 25.0 24.0 10.0 70.0 
SUSE SUSE 18.0 14.0 2.4 1.6 
W +/+) Wr) 52.0 240 300 280 
Wiw Wiw 20.0 9.4 4.0 3.2 
SSE WW 5.6 9.0 6.8 1.2 
wiw SUSE 40.0 7.0 20.0 58.0 


l Total non-adherent cells per culture { x 107) 





Total CFU-c per culture 
Weeks cultured 


5 6 i 2 3 4 5 6.. 
8.6 14.0 16,000 10,600 10,100 41,700 2,300 12,200 
6.0 9.0 21,900 8300 2,300 540 1,300 90 

ND ND 32,000 15,200 22,800 23,000 ND ND 
2,500 430 190 260 ND ND = 


0 | 0 
11,900 13,800: 7,500 = ND: 


ND, Not determined. 
*Weeks from time of addition of the second marrow. 


colony assay (colony-forming units, CFUs) are greatly 
reduced or absent in W anaemic mice but are present in 
normal numbers in SI mice’. Furthermore, W mice, both 
irradiated or unirradiated, support spleen colony formation 
after inoculation of bone marrow from non-anaemic litter 
mates or from SI mice, whereas spleen colony formation 
does not occur in irradiated SI mice after normal marrow 
inoculation’. The haematological defects of W mice can, 
therefore, be cured by an inoculum of marrow cells from 
Sl mice and the macrocytic anaemia of SI mice can be 
reversed after grafting of neonatal spleen or whole bone 
from W anaemic mice as a source of non-defective haemo- 
poietic microenvironment. A culture system has been 
developed in which the proliferation of murine pluripoten- 
tial stem cells (CFU-s), committed granulocyte-macrophage 
stem cells (CFU-c) and differentiating granulocytic cells can 
be maintained in vitro for several months“. In this system 
mouse bone marrow-derived adherent cell cultures estab- 
lished for 3 weeks are re-inoculated with freshly isolated 
samples of syngeneic, allogeneic or semi-allogeneic bone 
marrow cells. The latter subsequently undergo proliferation 
for several months. This proliferation, differentiation and 
maturation of haemopoietic cells is dependent on the 
formation of a bone marrow-derived adherent population 
comprised of phagocytic mononuclear cells, ‘endothelial’ 
cells and giant fat-containing cells which apparently provide 
an in vitro microenvironment necessary for pluripotential 
stem cell renewal and differentiation’. Within this adherent 
layer extensive cellular interactions occur reminiscent of 
the intimacy of inductive cell interactions seen in embryo- 
genesis. We have used this system to further explore the 
haemopoietic defects in W and SI mice. To establish the 
cultures, the contents of a single femur from 10-14-week- 
old WBB6F,-W/W (W/W), WCB6F.-SI/SI" (S//S?') or 
their normal litter mates Wi +/+). S+ /+), (Jackson Lab- 
oratories) were flushed into glass culture bottles containing 
10 ml of Fisher’s medium (Gibco), supplemented with anti- 
biotics and 25% horse serum (Flow Labs). as described 
previously“ *. The cultures were incubated at 33°C (a 
temperature shown to: facilitate the development of the 
adherent layer of cells and subsequent growth of stem cells) 
in an atmosphere of 5% CO- in-air. At weekly intervals the 
cultures were ‘fed’ by removal of half the growth medium 
and addition of an equal volume of fresh medium. Over a 
period of 2~3 weeks an adherent layer of cells became 
established and at 3 weeks all the growth medium and 
suspension cells were removed and the adherent layer re-fed 
with 10 ml of growth medium containing 10’ freshly isolated 
bone marrow cells. The cultures were incubated at 33 °C 
and at weekly intervals were fed by removal of half the 
growth medium suspension cells and addition of fresh 
medium. The suspension cells removed at each weekly 
depopulation were assayed for granulocyte~-macrophage 
progenitor cell (CFU-c) growth in soft agar using con- 
ditioned medium from a murine myelomonocytic leukaemic 
cell line (WEHI-3) as a source of colony stimulating factor. 





Pooled cells from at least six cultures were used: each 
time point. a 

As shown in Table 1, 
observed over a 6-week period in control cultures of non- 
anaemic WBBO6F, (W(+/+)) or WCB6F, (Si(+/+)) bone. 
marrow. Production of CFU-c was likewise maintained. at. 
a high level throughout the period of culture. In contrast, 
cultures of S/S! marrow or of W/W” marrow showed con- 
siderably reduced production of both haemopoietic cells and 
CFU-c to as little as 1-3% of litter mate control cultures by 
4 weeks. The morphology of the cultured cells showed a 
preponderence of differentiating granulocytic elements 
(40-75%) in the first 4-5 weeks of culture with an increas- 
ing proportion of phagocytic mononuclear cells at later 
stages. Transition to a macrophage morphology was 
observed earlier in W/W and S//SI" cultures than in the 
control cultures. ` 

Allogeneic cultures were also initiated using S/SP — 
marrow to establish an adherent layer which was sub- | 
sequently fed with W/W” bone marrow. The additive effects 
of the SI environmental defect and the W stem cell defect 
were apparent in this combination since cell production in 
culture was again markedly reduced relative to the control’ 
cultures and CFU-c were undetectable by the second week 
of culture. In addition, granulopoiesis in these cultures was 
no longer evident after the first week and thereafter cell 
proliferation was exclusively macrophage. The reverse 
combination using W/W" to initiate the adherent population 
and subsequent feeding with S//S/' marrow resulted in a 
sustained high level of production of both differentiating 
haemopoietic cells and CFU-c throughout the period of 
observation. 

While we have not as yet systematically monitored 
CFU-s in these cultures, the striking defect in generation 
of CFU-c and of differentiating haemopoietic cells seen in 
the W/W*, SISEF and SI/SI'-W / W” cultures clearly points to 
an underlying defect at the level of interaction of the 
adherent marrow cells with the pluripotential stem cell. 

But, no qualitative or quantitative defect was seen in the 
capacity of S//SI' marrow to generate an adherent layer and 
the defect may lie at the level of cellular interactions. Ultra- 
structural analysis of the in vitro microenvironment is being 
performed. The duplication of the W and SI defect in vitro 
and our ability to ‘cure’ the defect by appropriate com- 
binations of adherent cells and stem cells should permit 
further insight into genetically determined haemopoietic 
disorders and inductive cell interactions associated with 
pluripotential stem cell self renewal and differentiation. 
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HLA ‘help’ for human 
B2-microglobulin across species barriers 


HLA antigens comprise products of what is commonly 
considered to be one of the most polymorphic systems 
presently known, occurring on chromosome 6. The HLA 
epitope is present only once’ on a glycoprotein of 
molecular weight 45,000. In its naturally occurring form it is 
tightly, and probably obligatorily, but non-covalently bound 
to B2-microglobulin, (B2M), a protein of molecular weight 
11,600 (ref. 2), determined by chromosome 15. B2M has 
substantial sequence homology with the Cy3 domain of IgG 
(ref. 3), and seems to be non-polymorphic. Precisely 
analogous associations occur between several other MHC 
antigens in rodents and fowl, and the equivalents of B2M 
in those species. This leads to the question as to why 
products of probably the most polymorphic systems should 
be so strongly associated with a non-polymorphic protein. 
In this paper we confirm that human B2M is immunogenic 
in phylogenetically distant species when the molecule is 
presented alone. When the species barrier is close, immuno- 
genicity declines drastically as, for example, between man 
and other primate. In contradistinction, however, when 
B2M is presented bound to the HLA alloantigen-bearing 
chain, as occurs naturally, the complex is exquisitely 
immunogenic with respect to both B2M and the alloanti- 
genic determinant if the species are closely related, and may 
decline as the species barrier widens. This is interpreted in 
terms of a modified ‘intramolecular’ help effect across a 
phylogenetically closely related barrier. 

Free human B2M is clearly immunogenic in several 
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species at doses of 25-100 ug. As might be expected, anti- 
body titres in chickens are higher than in mammals, reflect- 
ing a wider species barrier. Hyperimmune rabbit antisera 
to the unseparated proteins in human serum have also 
been examined (last line, Table 1). Although B2M was 
detected in the immunising innoculum at levels of 
1-2 ug ml™', no anti-B2M antibodies were found in the 
resultant antisera, confirming that, at this dose, B2M is 
essentially non-immunogenic. 

Much smaller doses (0.1-0.2 ug) of B2M bound to HLA 
antigen are highly immunogenic in rabbits and anti-B2M 
antibodies rise to levels essentially similar to those found 
with much higher doses of B2M used alone. As expected. 
the sera are cytotoxic for peripheral human lymphocytes. 
Furthermore. the immunogen used did not inhibit the lysis 
of B cells by a rabbit anti-human B cell-specific antiserum’, 
thereby suggesting the absence of human la antigens in the 
preparations. (Contamination with la antigens isin any 
case probably ruled out by the anion exchange and gel 
filtration purification procedures used.) 

Absorption of the rabbit anti-HLA sera with human 
erythrocytes (which are lacking in B2M and HLA antigens), 
did not reduce the lytic titre by much. Absorption with 
platelets or crude human spleen membranes negative for 
the immunising HLA specificity were, however, much more 
effective in removing lympholytic antibodies. Nevertheless, 
drastic absorption (>95°%) was necessary before moderate 
HLA specificity (SR>5) was revealed. Antibodies to B2M 
contributed substantially to the original cytotoxicity. This 
is most clearly shown by passing antiserum through a B2M 
affinity column, when 90-95% of cytotoxicity was removed: 
neither was there a notable increase in HLA allospecificity 
following such treatment. 

In spite of this low level of allospecific globulin, such 
lytic rabbit sera are substantially inhibited by HLA antigens, 
thereby confirming earlier work’ in which nonspecific cyto- 
toxic xenoantisera prepared against H2 or HLA antigens 
in soluble or cellular form were inhibited only by those areas 
of a gel filtration chromatogram (of crude soluble membrane 
proteins) containing mouse H-2D and H-2K alloantigens or 
human HLA-A, B, and C alloantigens respectively. Rabbits 
are known to raise antibodies to at least one common 
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Table 1 


Sensitisation of non-primate species to human B2M 





Injected protein 


Human lymphocytotoxins 












Species* per dose (jig) B2M form Adjuvantt Anti-B2M § titre ` 50%, Cytotoxic titres SRO 
Chicken 50 Free CA 5,000 500 (chicken complement) 1.0 
Rat 25 Free CA 648 -4-233 = — 
Guinea pig 50 Free CA 358 +275 = = 
Rabbit 50-100 Free CA 1,107 4-407 60-416 1.0 
Rabbit 0.5~1.0** Papain LA 838 -+435 1.2 +40.2 

solubilised 
HLA antigenstt 
Rabbit Human serum 
proteins Free CA 0 == _ 





*Groups of four or five animals were usually used. When free B2M was used as antigen, progressively lower doses gave correspondingly lower 
ani paN responses. No detectable response was produced in guinea pigs, chickens, or rabbits with repeated injections of fess than 5.0 pg B2M 
in adjuvant, 

+C, Complete Freund’s adjuvant; A = alum precipitate; | = incomplete Freund’s adjuvant. 

£5 ul of *51-B2M solution was added to 8 pl volumes of fivefold dilutions of antiserum in diluent. After incubating at room temperature for 
1 h, 0.180 ml 19% Na,SO, solution was added followed by further incubation at room temperature for I h. After centrifugation at 1,000g for 
5 min, 50% of the supernatant was sampled. Results were plotted as the percentage radionuclide remaining in solution against antiserum dilution 
in the reaction volume. The titre of an antiserum is the dilution at which 50% of the nuclide is precipitated. Control samples contained diluent 
in place of antiserum and results were corrected according to the titration value given by a reference chicken anti-human B2M serum, 

Estimated in microtitre plates using 25-u volumes of lymphocytes, antiserum dilutions, and rabbit complement, and a Trypan blue indi- 
cation of cell death. 

“SR, Specificity ratio: the ratio of titre with cells positive or negative for an HLA specificity, based on analysis of a population of 20 cell 
types covering the relevant specificities. 

’Values obtained after at least four booster injections in the case of free B2M, but after only two boosts of HLA antigens. 

**The protein content of HLA antigen is based on an assumed final purity of 10°%, validated by radioimmunoassay of B2M content. 

+tSpecifically purified and separated HLA-A1, A2, B8, and B12 papain-solubilised antigens were used in a total of six rabbits. 
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Fig. 1 Associative recognition in 
alloantigens. ‘Help’ or associative 
recognition within a species (man 
l-man 2) for antibody production 
to B2M-associated alloantigens 
occurs in a primary response only 
when other MHC region products 
are present at the same time. It 
seems likely that these products are 
required to be on the same cell. If 
spatial relationships are vital in the 
presentation to recognition units on 
T cells, then surface mobility, that 
is, a living membrane will be an 
equally vital feature of theallogeneic 
stimulus. These demands disappear 
when epitopic differences are re- 
vealed in the B2M component of 
alloantigens as in xenogeneic but 
phylogenetically close sensitisations 
(man-primate). Inherent in this 
argument is the assumption that 
the remainder of the alloantigenic 
lycoprotein is poorly immunogenic 
or whatever reason, and will remain 
essentially as weak between related 
species as it does within species. 
When the barrier is wide, however 
(man-rabbit), even this restriction 
disappears, and enough differences 
occur between the respective species 
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alloantigens that multiple dual rec- Xeno only 
ognitions can arise at various places 
on the sensitising molecule. B2M 


ae 


species determinant on the alloantigen-bearing chain of all 
HLA antigens’. 

Thus antisera prepared in rabbits, even to purified HLA 
antigens, are not likely to produce reagents of great value 
in revealing HLA allospecificity on human lymphocyte 
targets using lytic assays. The rabbit might be expected to 
differ from man at several places other than the HLA 
epitope on the HLA chain, as well as at several places on 
B2M, so allospecific globulins would comprise only a minor 
portion of the total antibody formed against the whole 
alloantigen chain with its attendant B2M. The cytotoxins 
directed against non-allospecific determinants, both on the 
HLA chain and on human B2M, can be removed by appro- 
priate absorption with specific immunogen-negative tissue. 
Such an absorbed antiserum, albeit of low cytotoxic titre, 
has already been extensively examined (x? with respect to 
HLA-Al=26.9, cited in ref. 7). What is interesting is that 
substantially augmented immunogenicity to human B2M is 
observed when this protein is associated with HLA allo- 
antigen and presented across a species barrier. 

The results obtained by immunisation of Macaca irus 
monkeys were quite different. After extensive immunisation 
with free B2M at doses similar to those which readily 
produced antibodies in several other non-primate species, 
much lower humoral immunity was observed with this 
primate species. Not only were antibody titres lower, but 
a response was only obtained after six courses of immunisa- 
tion, compared with two in non-primate species, and the 
titre has not increased on further immunisation. 

Purified HLA substances have previously been shown to 
be highly immunogenic across this close barrier, producing 
very high titres of lymphocytotoxic antibodies with a few 
micrograms of material*’’. The absorbed sera (SR 13.8+5.6) 
showed excellent accord with well defined single HLA 
specificities in population studies. Both the specificity of 
the unabsorbed sera (SR 4.8+1.1), and the yield following 
absorption indicated that anti-HLA globulins formed the 
majority of the total lympholytic antibody, in contrast to 
the results obtained with rabbits and shown earlier. 

The results of Table 2 indicate that the limited non- 


Rabbit ey TE RE E H e h 


415 


| 
Primate BAA | 4 ——_—_——— =e 
$ 


HELP 


AN 


EZZZZZ 


YaN 
HELP, p Surface Other MHC products. | cell? 
- mobility Non-MHC products’ 
f 


Na N 











help help 


v 


Weak 
‘Public’ 


Strong 
“Private 


Alloantigen chain 


— | 2 ee 


Native alloantigen 


specificity of the primate antisera is largely attributable to 
their anti B2M content. First, very high titres of anti B2M 
antibodies were found in the radioimmunoassay. These 
levels are often substantially higher than those found in 
non-primate antisera produced by immunisation with much 
larger quantities of free B2M. (It should be stressed that 
the amount of B2M administered to primates in HLA- 
complexed form is 500-1,000-fold less antigen than the dose 
of free B2M used.) Second, when an animal previously 
sensitised with HLA-A2 antigen was boosted after 3 yr with 
free B2M, high levels of anti-B2M were immediately 
produced, indicative of a pre-existing immunity. Third, 
all nonspecific cytotoxic activity can easily be removed by 
a B2M affinity column. In a typical experiment, the anti- 
HLA activity was recovered in good yield (>90%, ) following 
such treatment and was of excellent specificity (SR > 100). 
These results illustrate that most of the total cytotoxic 
activity is attributable to specific anti-HLA antibodies, and 
the remainder is due to nonspecific anti-B2M antibodies, 
Furthermore, immunosorbents prepared from B2M- 
absorbed primate monospecific antisera of high titre repre- 
sent powerful yet simple tools for the purification of HLA 
antigens from crude starting material, without recourse to 
prolonged chromatographic separations. 

Apart from the mutual augmentation effect of HLA on 
B2M across a close species barrier, a further interesting 
feature of all the primate antisera is that they uniformly 
fail to precipitate B2M either directly or in gel diffusion 
plates. This is in contrast to the rat, guinea pig, chicken 
and rabbit antisera, which all precipitate B2M from solution. 
Preliminary results based on gel filtration of antigen- 
antibody complexes between primate antisera and B2M 
indicate that the anti-B2M antibodies are directed against 
only two sites on the B2M molecule, regardless of whether 
they are produced in response to free or HLA-linked B2M. 
This would preclude any lattice formation necessary to 
produce precipitation with antigen, whereas the radio- 
immunoassay used here” for quantitation of anti-B2M 
antibodies is not dependent on direct precipitating properties 
of the antiserum. Rabbit antisera seem to contain antibodies 
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Table 2 Sensitisation of Macaca irus primates to human B2M 





Group Injected protein B2M form* 
per dose (ug) 
1 50-100 Free 
2 0.5-1.0] Papam- 
solubilised’ 
HLA antigens || 


*All injections were in incomplete Freund’s adjuvant. 
[eee Table 1, footnote. 
See Table 1, footnote §. 





Anti-B2M titret Human lymphocytotoxins 


50% Cytotoxic titret 


SR 
934138 8+2 10 
2,406+1,295** 3,250 1,673 4.84+1.1 





§Detectable responses were only produced after six booster injections. 


{See Table 1, footnote**, the same preparations were used. 
|See Table 1, footnote ff. 


**Responses were detectable after two boosts, titres shown are after three boosts. 


directed against three or four sites, and chicken sera detect 
at least six sites on B2M which would accord with their 
precipitating properties. The similarity between primate 
antisera raised either to free B2M or to the HLA-linked 
B2M in terms of precipitating properties and the number 
of epitopes recognised, renders it unlikely that conforma- 
tional changes in B2M are imposed as a consequence of 
the HLA association and that this results in the augmented 
immunogenicity noted here 

It may be concluded from these experiments that although 
free B2M is quite immunogenic across wide species barriers, 
the immunogenicity declines when the barrier is phylo- 
genetically close. The situation is quite different when 
B2M bound to HLA antigens is considered. B2M is able to 
derive immunogenic ‘help’ by associative recognition, 
because of its peculiar association with these MHC antigens. 
Although B2M is not covalently linked to HLA, the bonding 
is nevertheless strong, in that low pH or very strongly ionic 
detergents are required to separate the protein chains. The 
help provided by the alloantigen across a species barrier may 
thus be intermediate between the two types defined"’”. 
‘Intramolecular help’ refers to a situation where helper and 
principal determinant are on the same molecule. ‘“Inter- 
molecular, intrastructural’” which may be somwhat less 
effective (N. A Mitchison, personal communication), refers 
to helper and principal determinants being on different 
molecules. Because B2M and its attendant alloantigen 
mobilise jointly on cell surfaces (‘capping’), however, and 
remain tightly bound when solubilised from membrane by 
enzyme, non-ionic, or weakly ionic detergents, they may 
for most purposes be considered as being on the same 
molecule and therefore presented as an immunogenic unit 
in circumstances such as tissue grafting or the experiments 
described here with HLA antigen 

Recent evidence (in rats”) suggests that within a species, 
both Ia and AgB antigens must be presented on the same 
living cell in order to provoke anti-AgB antibodies Soluble 
alloantigens, or cellular membranes which do not express 
Ta antigens, are essentially non-immunogenic in a primary 
response. Primed animals may be different, however, and it 
is worth noting that once sensitisation has occurred, help 
can be provided for particular H2 components by other 
MHC gene products and/or minor non-MHC antigens“ 

Immunisations across species barriers with purified HLA 
antigens present quite a distinct contrast. Provided there 
is some difference at B2M between the species, then even 
when donor and recipient are phylogenetically close and 
their MHC antigens might therefore be expected to be quite 
similar, the high degree of MHC polymorphism is almost 
certain to ensure a second (HLA) epitopic difference on the 
two-chain antigen molecule, thereby providing an oppor- 
tunity for associative recognition and help It should also 
be borne in mind that a large proportion of T lymphocytes 


is able to recognise MHC antigens within a species'’*’*, 
and therefore probably to recognise analogous MHC anti- 
gens across a close phylogenetic barrier. It would be 
expected then that the help provided would be very substan- 
tial because of this large existing clone from which T helpers 
could be derived This is proposed as the explanation for 
the high titres of anti-B2M antibodies found here in pri- 
mates, and it occurs essentially because of the BZM-HLA 
association Furthermore, the high degree of allospecificity, 
especially when anti-B2M antibodies are removed, suggests 
that the non-alloantigenic portion of the glycoprotein chain 
is only poorly immunogenic between related species This 
conclusion was reached earlier in other primate experi- 
ments”. In dosage terms, the very small amount of soluble 
alloantigen is as effective outside the species as the same 
quantity of alloantigen presented in cellular form on viable 
lymphoid tissue within the species of origin These inter- 
relationships are summarised diagrammatically in Fig. 1, 
where allogeneic, and close or distant xenogeneic immuno- 
genicity is depicted. 

In the xenogeneic (mouse—man) primed lymphocyte typing 
assay it has been found™ that both the stimulating and 
target antigens are probably identical to those involved in 
the allogeneic mouse mixed lymphocyte reaction. The role 
of B2M was not examined, but when taken in conjunction 
with the findings reported here, it suggests that the part 
played by this molecule in xenograft rejection and therefore 
in species discrimination and interfertility will warrant 
further investigation. 

It is also possible to imply that HLA antigens or their 
equivalent in other species may serve as ‘super carriers’ for 
artifically attached haptens and epitopes when the MHC 
barrier is crossed within a species or in a closely related 
species, and this implication is presently under investigation. 
The examination of what may thus be considered as modi- 
fied ‘non-self’ has obvious relevance to the present interest 
in altered ‘self? as a possible mechanism whereby animals 
combat viruses”. 
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In a radiation chimaera, host 
H-2 antigens determine immune 
responsiveness of donor cytotoxic cells 


CELL membrane structures controlled by genes in the major 
histocompatibility complex (H-2 ın'mıce) are involved ın most 
immune interactions between T lymphocytes and other cells! 
Cytotoxic T lymphocytes (CTL) immunised against viruses?, 
haptens®, minor histocompatibility antigens* or tumour anti- 
gens’, are specific for self H-2 antigens as well as for the foreign 
antigen But CTL are not restricted to recognising antigens in 
combination with only self H-2. H-24 homozygous CTL which 
have matured ın an irradiated H-2¢/H-2* host can respond to 
antigen plus H—2* in addition to antigen plus H—2° (refs 6-8) Itis 
not known whether the H-2 environment in which T cells mature 
influences their range of specificity, that 1s, whether CTL from a 
normal mouse can respond quantitatively as well to antigen plus 
foreign H-2 as they do to antigen plus self H-2. These experiments 
were designed to test this influence. The results suggest that host. 
H-2 antigens do exert an effect on the specificity of T-cell responses. 

A single suspension of bone marrow cells from 
F,(BALB/c x BALB B) (F(C x C B), H-2*/H-2®) mice was used 
to reconstitute groups of lethally irradiated parental mice, 
C(H-2°) ((F; >C] chimaeras) and C.B(H-2°) ([F,—>C.B] chim- 
aeras). Eight weeks later these chimaeric mice and normal 
F,(C x C.B) mice were primed against minor H antigens by 
injecting 8 x 10° F,(B10 x B10 D2) (H-2*/H-2°) spleen cells The 
B10 background offers more than 30 minor histocompatibility 
antigenic differences that can be recognised by BALB mice®!° 
Some weeks later the primed spleen cells were boosted tn culture 
with irradiated F,(B10 x B10.D2) stimulator cells and assayed for 
cytotoxicity 5 d later 

Following this immunisation procedure, cells from normal 
F(C x C.B) mice lysed B10 targets and B10 D2 targets almost 
equally (Table 1). (The two activities are mediated by separate 


Table 1 
Responder* Immunised witht 
Experiment | 
Normal F, (C x C B)(H-2°/H-2°) F,(B10 x B10 D2)(H-2°/H-2*) 
Chimaera [F, >C] F,(B1!0 x B10.D2)(H-2°/H-2%) 
Chimaera [F, >C B] F,(BI0 x B10 D2)(H-2°/H-2*) 


Normal F,(C x C B) C3H(H-2*) 
Expenment 2 
Normal F,(C xC B) 
Chimaera [F, >C] 
Chimaera [F, >C B} 


F,(B10 x B10 D2) 
F,(BI0 x B10 D2) 
F,(B10 x B10 D2) 
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pools of CTL?~*) The chimaeras responded differently. In the 
same conditions of immunisation with F,(B10 x B10 D2) cells, 
they responded preferentially to the minor antigens ın association 
with the H-2 antigens of the host CTL from the [F; >C] 
chimaeras killed B10.D2 targets better than B10 targets, whereas 
CTL from [F,-~C B] chimaeras lysed B10 targets better than 
B10.D2 targets (Table 1) 

Spleen cells from five chimaeras were assayed for their content of 
host and donor cells at tıme of killing. Complement-mediated lysis 
with H-2° anti-H-2¢ serum and with H-2¢ anti-H-2> serum 
indicated that in all cases at least 85% of the cells were of F , (donor) 
origin The cytotoxic effector cells were also lysed with anti-H-2 
serum and complement just before the *’Cr-release assay (Table 
2) Here, the [F, >C] chimaera cells lysed B10.D2 targets ninefold 
more efficiently than they lysed B10 targets (data not shown) The 
killer cells were treated with antiserum plus complement, washed, 
and assayed for lysis of labelled B10.D2. Table 2 shows, most 
importantly, that BALB/c anti-C57BL/6 (anti-H—2°) serum re- 
duced the cytotoxic activity 86% compared with controls. This 
antiserum does not lyse BALB/c effector cells Therefore, at least 
86% of the CTL were of F, bone marrow ongin. 

These expenments show that H-24/H-2° cytotoxic cells which 
mature in an irradiated H-2¢ host respond preferentially to 
antigens plus H-2°, whereas H-24/H-2° cells which mature in an 
irradiated H-2” host respond preferentially to the same antigens in 
conjunction with H-2° gene products The experiments were 
designed to test the 1971 Jerne hypothesis!*, or a modified version 
of itt! The hypothesis accepts that a somatic theory of 
generation of receptor diversity 1s correct and proposes that self- 
H-2 antigens drive the diversity. Immature T cells first express an 
anti-self-H-2 receptor, leading to proliferation and to accumu- 
lation of V gene mutations until there ıs no significant reaction with 
self-H—2. According to this hypothesis, the receptor repertoire of A 
strain T cells which had matured ın an A environment would be 
quite different from that of A strain T cells which had matured in a 
Benvironment The results presented here are compatible with this 
hypothesis and with another theory of ‘adaptive differentiation’! 

There ıs an alternative explanation of the results It may be that 
the host haplotype preference seen at the level of effector CTL does 
not reflect a bias in specificity at the level of precursor CTL. The 
H-2*/H-2° precursor CTL in the H-2! host may have exactly the 
same range of reactivity as those ın the H-2* host The haplotype 
preference of the effector CTL would then be due to the way 
antigen is presented to CTL precursors. Even though the immu- 
nogen (B10 minor antigens) was introduced on H-2 heterozygous 
cells, the antigen which was responsible for priming CTL may have 
been processed antigen presented on radiation resistant host cells* 
In the [F; >C] chimaera such radiation-resistant antigen-present- 


Specificity of H-24/H-2® cytotoxic cells from normal and chimaeric mice 


% Specific lysis of targets Ratio of lytic 

B10 B10 D2 BIO BR Fi(CxCB) activity on§ 
H-2° H-2¢ H-2* H-29/H-2° B10/BÍ0 D2 
56 2 62 2 15 ND 07 
193 727 29 ND 002 
518 29 1 01 ND 52 

45 "38 715 ND — 
548 68 4 ND 09 05 

48 80.5 ND 15 <0 02 
613 88 ND 01 >43 0 





*Chimaeras were prepared as follows BALB/c(C(H-2°)) and BALB.B(C B(H-2°)) mice were irradiated with 850 R and reconstituted on the same day 
with 13 4 x 10® anti-Thy-1 plus complement (C’)-treated F ,(C x C B) bone marrow cells Eight weeks later they were immunised 
+Prmed against minor H antigens by injecting 8 x 10° viable F,(B10 x B10 D2) spleen cells intraperitoneally Spleen cell suspensions were prepared 4 


weeks later (ex 
C3HebFe/J spleen cells as descnbed previou 


riment |) or 6 weeks later (experiment 2), and boosted for 5 d ın culture with an equal number of 1,000 R irradiated F,(B10 x B10 D2) or 


s] 11 
t2-d con A (conavalin A) blasts were labelled with °1Cr-sodium chromate and used as targets as described previously? !. Serial dilutions of the killers were 
assayed against a constant number of targets, and the figures for specific lysis presented here are fora killer targetratıoof100 1 Spontaneous release of $! Cr 


varied from 18 1-22% ın experiment 1 and from 9 6-13.7% ın experiment 2 


§Calculated fiom the titrations of killers ‘targets'? '? For example, in experiment 1, the [F , +C] cells lysed B10 D2 targets 50 times better than they lysed 
B10sincea 100 }1atiocaused 19 3% specific release from *'Cr-B10, whereas the same amount of specific lysis of 5'Cr-B10 D2 was obtained ata ratio of 2:1 


ND, Not determmed 
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Table 2 Sensitivity of chimaera cytotoxic cells to antı-H-2 serum plus C’ 





Treatmentof % Specific lysis 


Cytotoxic cells* effector cellst of *'Cr-B10 D2t lytic activity§ 


[Fi-Clant- > 
F,(BI0 x B10 D2) 


Medium 340 — 
Normal B10 

‘serum +C 343 0 
Anti-H-2°4+C’ 98 86 
Anti-H-2°+C’ 51 94 


*[F; >C] chimaeras were primed i ico 8 weeks after reconstitution, 
their spleen cells boosted in culture 20 weeks later and assayed for 
cytotoxicity on day 5 of culture 

+BALB/c anti-C57BL/6 and C57BL/6 anti- BALB/c sera were prepared 
by hypenmmunisation with spleen cells Effector cells were incubated with 
mouse sera | 2, washed, and incubated ın guinea pig serum | 9 asa source 
of complement (C’). Cells were re-suspended to the same volume and 


assayed ‘ 
tCon A blasts from B10 D2 mice were labelled with *!Cr and used as 


target Data presented are for orginal number of responder spleen , 


cells target cells of 7 1 Spontaneous release of *'Cr was 20 6% 
§Calculated from the titrations of killer targets asin Table | 


ing cells would be homozygous H-2* and would naturally 
stimulate only anti-B10 D2(H-2*) CTL, not anti-B10(H-2°) CTL 
Experiments to decide between these interpretations are in 


progress. 
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Cytotoxic T lymphocytes induced in 
mice by inactivated influenza virus vaccine 


THERE is abundant evidence that T cell-mediated lysis of 
virus-infected target cells generally requires H-2K or H-2D 
region histocompatibility between cytotoxic T lymphocytes 
(CTL) and target cells’~*. The biological basis of this require- 
ment is still uncertain. Studies using chimaeric mice suggest 
that T lymphocytes are selectively sensitised by the viral 
and H-2 antigens expressed on the infected cell and that 
killing only occurs when the target cell shares H-2K or 
H-2D identity with the immunising virus-infected cell’ It 
is important to determine whether virus infection of the 
host tissue is, in fact, necessary for specific CTL immunity 
to develop. If this were so, the use of inactivated virus or 
purified viral antigens would not be suitable as vaccines 
against diseases in which CTL were required to afford 
optimal protection. We report here that inactivated influenza 
virus vaccines are, in fact, quite capable of evoking haema- 
gglutinin specific CTL. Í 
Epidemiological and experimental evidence indicate that 
protective immunity against influenza virus is principally 
directed against the virus haemagglutinin*’. We have 
recently described the development of haemagglutinin- 
specific CTL in influenza-infected mice’. This finding is 
consistent with these cells playing an important in vivo 
function in influenza immunity. Our finding contrasts with 


% Reductionin , 
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% Specific immune lysis 





16 
Time after vaccination (d) 


Fig. 1 Specific immune lysis by spleen cells of BALB/c mice 
immunised intraperitoneally with 5,000 chick cell haemagglu- 
tinating units (HAU), (O), 500 HAU (A) and 50 HAU (D) 
of A/Port Chalmers formalin-inactivated whole virus: influenza 
vaccine. The spleen cells were tested at a 100 : 1 ratio on A/Port 
Chalmers-infected syngeneic kidney-derived cells in an 18-h 
"1Cr-release cytotoxicity assay as described previously’. The 
cytotoxic cells generated in vaccine-immunised mice were shown 
to be T cells by the removal of cytotoxic activity using anti-6 
antiserum plus complement. Thus, whereas untreated spleen 
cells and spleen cells treated with complement alone achieved 
42.3 and 37.0% specific lysis respectively, spleen cells treated 
with anti-@ antiserum plus complement achieved 7.9% specific 
lysis, which was not significant (P > 0.5). 


recent studies which failed to demonstrate haemagglutinin- 
specific CTL in influenza-infected mice'’~*. These studies 
differed from our study, however, in the use as target cells 
of relatively non-permissive influenza-infected transformed 
cell lines rather than productively-infected normal tissue- 
derived target cells‘. In the present study we have similarly 
tested mice inoculated with influenza vaccine, for haemag- 
glutinin-specific CTL reactive with productively-infected 
target cells. The virus vaccines used contained an early 
H3N2 virus strain’, A/Aichi/68; a later virus of the same 
H3N2 subtype, but with a serologically distinguishable 
haemagglutinin, A/Port Chalmers/73; and an unrelated 
influenza B virus, B/Hong Kong/72. The target cells were 
syngeneic kidney-derived infected cells’. The experiment 
was carried out in both BALB/c mice (H-2") and C3H mice 
(H-2*). 

Figure 1 depicts the CYL response we observed in 
BALB/c mice inoculated intraperitoneally with various 
doses of A/Port Chalmers vaccine (virus vaccine supplied 
by Merrell-National Laboratories) Significant cytotoxic T- 
cell response was observed with each of the doses tested. 
To determine whether the response was restricted to target 
cells histocompatible with the immunised mice, we tested 
spleen cells from BALB/c and C3H immunised mice on 
syngeneic and allogeneic virus-infected target cells. As 
indicated in Table 1, the cytotoxic response was detectable 
only on the syngeneic virus-infected target cells. Specificity 
of the CTL for the haemagglutinin antigen of the immunis- 
ing vaccine virus was shown in the experiments recorded 
in Table 2 Thus, CTL-distinguished target cells infected 
with the immunising strain H3N2 influenza virus, from 
target cells infected with a serologically different but related 





Table 1 Virus specificity of cell-mediated lysis by CTL in 
influenza vaccine immunised mice 





Specific immune lysis of target cells* 
Vaccine virus used A/Port Chalmers- A/Aichi- B/Hong Kong- 


as Immunogen infected infected infected 
A/Port Chalmers/73 96.6 6.2 8.8 
A/Aichi/68 5.2 67.0 2.7 
B/Hong Kong/72 —69 3.2 63.4 
*Splenic lymphocytes were tested 8d after intraperitoneal 


immunisation. 
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Table 2 Allogeneic restriction of cell-mediated lysis by CTL 
In mice immunised with influenza vaccine 





Source of immune Spdeific immune lysis 


lymphocytes* C3H target tells BALB/c target cells 
BALB/c 1.7 21.3 
C3H 334 1.9 





*Splenic lymphocytes were tested 5d after intraperitoneal 
immunisation. I 


4 
l 
H3N2 strain Increasing knowledge is becoming available 
concerning the structure of th¢ influenza virus haemag- 
glutinin antigen It should be posible, therefore, to extend 
the studies reported in this paper to define the precise 
cellular-antigen interactions involved in the generation of 
CTL and to determine the basis of the H-2 compatibility 
requirement between CTL and virus-infected target cells. 
The finding that inactivated influenza virus vaccine can 
induce a haemagglutinin-specific CTL response is in agree- 
ment with the recent finding of Schrader and Edelman™ 
that inactivated Sendai virus can elicit CTL in primary 
cultures of mouse spleen cells’', and the observation of 
Wiktor et af that CTL develop in mice inoculated with 
inactivated rabies virus'*. Together, these findings provide 
considerable support to the potential development of purified 
protein vaccines for use against chronic viral diseases and 
malignancy where T cell-mediated, rather than humoral, 
immunity seems to be deficient. 
We thank Mr S Daniel for assistance. 
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Induction of plaque-forming cells in 
cultured human lymphocytes by 
combined action of antigen and EB virus 


PRIMARY in vitro immune responses of human peripheral 
blood lymphocytes (PBL), desirable for both basic and 
clinical studies, have been rather difficult to achieve Posi- 
tive results were obtained when other stimulatory factors, 
besides antigen, were given to the cells'?, and other reports 
have suggested a critical role of antigen presentation and 
antigen concentration’* In view of the difficulty encoun- 
tered in stimulating an antibody response with antigen alone, 
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we have attempted to use Epstein-Barr virus (EBV) 
together with sheep red blood cells (SRBC) to induce a 
specific response. Human B lymphocytes possess membrane 
receptors for EBV’’* and the virus stimulates DNA synthesis 
in human PBL’, so EBV provides a ‘nonspecific’ stimulus in 
addition to the specific one given by the antigen. We report 
here that use of EBV and SRBC in this way con- 
sistently induces an anti-SRBC response from human PBL 

Human PBL, from different donors, were cultured in the 
conditions previously described’. The source of the virus was 
the EBV-secreting marmoset lymphoid cell line B 95-8 (ref. 
8). Table 1 shows that the appearance of plaque-forming 
cells (PFC) was a rare and inconsistent event when human 
PBL were cultured in the presence of SRBC only. Addition 
of EBV alone led, with some donors, to a measurable but 
transient appearance of background PFC But, when both 
antigen and virus were present in the culture from the very 
beginning a significant immune response was regularly 
observed with the majority of donors Ultraviolet inactiva- 
tion of the virus did not abrogate this effect. There was no 
stimulation if the addition of the virus was delayed by 
48 h, or if culture supernatant freed of virus was added 

To determine whether the PFC responses were antigen 
specific, either SRBC or horse red blood cells (HRBC) were 
added to cultures in the presence of EBV Each culture was 
screened separately for PFC using SRBC and HRBC as 
indicator cells The results in Table 2 show that the 
responses obtained were specific for the antigen added The 
occasional appearance of nonspecific PFC with some donors 
could be due either to an antigen-independent response 
induced by EBV or to a cross-reactivity between the two 
antigens. 

Though the basic phenomenon described above is remark- 
ably reproducible, the kinetics and height of the response 
vary considerably PFC levels were very low before day 4 
and usually reached a maximum between days 7 and 9. 
While in some cases PFC were present over 2 or 3 days 
only, cells of other donors yielded PFC in high numbers over 
1 week or more In some experiments a second burst of 
PFC (occasionally amounting up to a small percentage of 





Table 1 Dependence of anti-SRBC response on antigen and virus 





PFC per well 
Donor EBV SRBC Day 7 Day 9 
LG + + 292 106 
EE + 4 0 
+ — 90 0 
JH + + 361 167 
— + 1 3 
+ — 39 6 
AW + + 250 1953 
= + 0 0 
+ = 0 0 
JB + + 853 973 
— + 0 4 
+ — 426 60 


Human lymphocytes were prepared from heparinised blood by 
centrifugation on a Ficoll-Urovison gradient. Adherent cells were 
removed and the non-adherent cells were suspended at a density of 
9x 10° per ml tn tissue culture medium according to previously 
described methods? with a few modifications. Foetal calf serum was 
substituted with human AB serum, heat inactivated and absorbed 
three times in the cold with SRBC. The concentration of AB serum 
was 8% in the medium and 10% in the nutritional mixture Antigen 
was added (0.05 ml of 1% SRBC per ml of culture) and the cell 
suspension was distributed in aliquots of 0 1 ml in the wells of Micro- 
test plates 50 ul of 10-fold concentrated virus-stock® were added 
to each well. The cultures were cubated at 37 °C in the presence of 
5% CO, and 24h after initiation 50 ul of nutritional mixture were 
placed in each well At the time of assay the content of five wells was 
pooled, washed and plaqued with a modification of the haemolysis in 
gel method*. Figures 1epresent PFC per well 
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Table 2 Antigen specificity of the EBV-assisted response 





Antigen Day 7 Day 8 Day 10 
Donor in culture SRBC HRBC SRBC HRBC SRBC HRBC 
BM SRBC 238 9 580 334 13 2 
HRBC 33 298 25 858 28 244 
JR SRBC 1,125 6 1,410 0 574 0 
HRBC 4 117 18 50 7 5 
LG SRBC 1,422 0 910 0 2,200 0 
HRBC 122 318 7 166 0 89 
CP SRBC 1,134 7 6,400 18 7,500 2 
HRBC 250 741 79 167 33 8 
PC SRBC 59 0 41 0 122 0 
HRBC 5 12 0 55 0 2,400 


Procedure as in the legend to Table 1. The cultures stimulated 
with HRBC received 0.05 ml of 1% HRBC per mi of culture. The 
AB serum used for these cultures was absorbed three times in the 
cold with HRBC. Figures represent PFC per well. 


the recovered viable cells) arose beyond day 10, suggesting a 
biphasic event (data not shown). Moreover, comparing 
different culture wells of the same preparation, large varia- 
bility was observed in some experiments but not in others. 
There were also significant differences between donors: 
among the 35 tested, some gave consistently high responses 
in up to six experiments over a period of 8 months, while 
others responded poorly and a few not at all. Whether this 
is due to technical reasons or reflects differences in the 
immune status of the donor is under investigation. There is 
apparently no correlation between the capacity to respond 
in the present .system and previous exposure to EBV, as 
judged by the presence of anti-viral antibodies in the 
serum. 

The mechanism of action of EBV is a matter for specu- 
lation, but any model would have to consider either direct 
action of the virus on B cells or induction of helper T 
cells, 

In the presence of antigen the binding of EBV to its 
receptor could provide a sufficient signal for B-cell trigger- 
ing, and bypass the requirement for T-cell help. In its 
extreme form this concept would attribute to the EBV 
receptor a role in the binding of physiological T-cell 
factor(s). But, what we observed could just as well be 
an instance of a much more general phenomenon: the thres- 
hold for B-cell induction is lowered by the binding of some 
agent to its appropriate receptor on the cell surface. It has 
been shown” that binding of an antibody directed against 
a surface component on mature murine B lymphocytes 
markedly enhances the appearance of PFC in conditions of 
suboptimal antigen doses and can substitute for T-helper 
activity. Furthermore, EBV can act as a polyclonal acti- 
vator’. Its mode of action may therefore be analogous to 
the stimulatory effect of lipopolysaccharide (LPS) on the 
immune response to various antigens in mice”. 

The alternative model implies that EBV indirectly acti- 
vates T cells which would then provide, in the presence of 
antigen, sufficient help for B-cell induction. Support for this 
interpretation comes from the clinical syndrome of in- 
fectious mononucleosis. During the acute phase of this 
EBV-induced disease mostly thymus-derived lymphocytes 
proliferate and appear in the peripheral blood and in the 
T-dependent areas of Iymphnodes”. It seems that the 
stimulus for the T-cell response comes from virus- 
determined structures on B cells’. A similar mechanism in 
our in vitro system could provide sufficient T-cell help to 
promote the specific antigen-dependent response. Experi- 
ments are in progress to determine the mode of action of 
EBV by culturing separately purified populations of T and B 
lymphocytes. 

We thank Ms Lotte Kuhn for technical assistance. Drs 
J. Zeuthen and G. Klein for providing the B95-8 cell line. 
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EB virus-induced B lymphocyte 
cell lines producing specific antibody 


EPSTEIN-Barr virus (EBV) is a lymphotropic herpesvirus 
that converts normal human B lymphocytes into established 
lines. This ‘immortalisation’ preserves the characteristics of 
the original B cell, including EBV receptors, complement 
receptors, surface immunoglobulin and secretory immuno- 
globulin. Surface immunoglobulin is most frequently IgM. 
EBV-immortalised lines carry multiple copies of the viral 
genome, detected by nucleic acid hybridisation, and regularly 
express an EBV-specific nuclear antigen, EBNA. It has been 
suggested’ that all B-cells carry EBV receptors. If so, and if 
all B cells can be transformed into lines by EBV, it should 
be feasible to establish permanent lines from B lymphocytes 
capable of producing specific antibodies against appropriate 
antigens. Clearly, in view of the polyclonal transformation 
obtained after infection of B lymphocytes with a transform- 
ing virus strain, for example, B95-8, it will be necessary to 
pre-select lymphocytes with the appropriate antigen combin- 
ing site. Rosetting with antigen-coupled erythrocytes is one 
of the conceivable methods for such pre-selection. While this 
will select lymphocytes with the appropriate surface im- 
munoglobulin receptors, it was recently shown that EBV- 
transformation activates normal lymphocytes and induces 
the release of secretory immunoglobulin’. If the procedure 
is successful, the established lines might therefore be ex- 
pected to carry the appropriate surface receptor and also to 
secrete the corresponding antibody. This was actually found 
in this study, opening the way to the establishment of cell 
lines producing specific antibodies of choice. 

We have selected as lymphocyte donors three members of 
the laboratory staff in Helsinki who were shown to have 
relatively high natural antibody titres against the synthetic 
hapten NNP = (4-hydroxy-3,5-dinitrophenacetic acid) and 
whose peripheral blood lymphocytes showed specific NNP 
rosetting. 

Lymphocytes were isolated on Ficoll’ and rosetted with 
autologous-NNP coupled erythrocytes’. NNP-azide, pre- 
pared according to Brownstone et al’ was coupled to 
erythrocytes using a hapten concentration of 2 mg ml’ in 
the final conjugation mixture with the erythrocytes®. The 
percentage of rosettes ranged between 0.08 and 0.6% 
of the total lymphocytes. The rosettes were spun down on 
Ficoll-Isopaque (density 1.077) for 20min at 400g to 
remove the non-rosetting cells, and then infected with B95- 
8-derived EBV. As the virus source, we used supernatants of 
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Table 1 Anti-NNP rosette and plaque formation by EBV-transformed Imes derived from NNP rosetting and 
: unfractionated cells, respectively 














a 
Cell lines Source lof EBV- % % % EBNA 
transformed explant RFC* PFCt Ig positive — starning§ 
: cells} 
EP|| NNP selected 15 11 100 + 
LP NNP selected 13 ND 100 + 
SP NNP selected 18 ND 100 + 
S (U Unfractionated 0 0 100 + 
L ie NNP rosette deprived 0 0 100 + 
E (Unf) Unfractionated : 0 0 100 + 
EP re-selected NNP re-selected 86 69 100 + 





*Rosette-forming cells (RFC): 5 x 10° cells in 1 ml were washed and mixed with 0.01 ml human NNP-coupled erythrocytes, spun down for 
15 min by low velocity centrifugation at 4 °C, and mcubated further for 30 min at 4° C. The % of rosettes was assessed after resuspension 
of the pelleted cells. No rosettes were formed with uncoupled erythrocytes ' 

tPlaque-forming cells (PFC): equal volumes of 1/5 guinea pig serum, 10% NNP-coupled erythrocytes and different numbers of cells were 
mixed and inserted between two slides?. Plaques were counted 90 min later. The plaques were inhibited if 10—~ M NaN, was added to the 
mixture. No plaques were detected with uncoupled erythrocytes ND, not determined 

{Cells were washed and stained with FITC-labelled rabbit anti-human Ig. 

8EBV-determined nuclear antigen, stained according to Reedman and Klein". Staining was 90-100 % ın all positive cultures. 

IEP, LP, and SP are NNP-receptor positive lines established from three donors (E, L, and S) as described ın the text. S(Unf) and E(Unf) 
are lines established from EBY infected unfractionated lymphocytes of donor S and E. L (Sup) 1s a line established from EBV infected lympho- 
cytes, deprived of NNP-receptor positive cells. ‘EP re-selected’ 1s a line re-selected by NNP-erythrocyte rosetting of the EP line. 


mycoplasma-free B95-8 cultures: 1 ml ‘of the supernatant 
induced 20% EBNA positive cells in 10° cells of the BJAB 
line’ after 48h incubation As controls we infected either 
unfractionated lymphocytes from the same donor or the 
NNP-rosette-deprived fraction The infected cells were 
incubated ın RPMI-20% foetal calf, serum, at 37°C, 
5% CO: Permanent lines were established from all three 
donors after approximately 4 weeks All viable cells of all 
lines were brilliantly EBNA positive and grew with a doub- 
ling time of approximately 24h 

The established lines were tested for rasette formation and 
for plaque formation with NNP-coupled human erythro- 
cytes’ The supernatants were assayed for specific NNP 
agglutination titre and for inhibition of plaque formation 
with 4-hydroxy-5-iodo-3-nitrophenacetic acid coupled T4 
phage (NIP-cap-T4) (refs 9, 10). NIP show >90% cross 


3 
` 


reactivity with the NNP-hapten™. The immunoglobulin 
class of the product was assayed by sucrose gradient sedi- 
mentation and by incubating NNP-coupled erythrocytes in 
the supernatants from the different lines, followed by stain- 
ing with FITC-labelled anti-human immunoglobulin sera 
As shown in Table 1, the cell lines derived from the EBV 
transformation of the NNP-rosetting fraction contained 
13-18% NNP rosetting cells, whereas the lines derived from 
unfractionated cells or cells remaining in the supernatant 
after NNP rosetting gave no specific rosettes EP line was 
re-selected by renewed rosetting In this re-selected line, the 
frequency of the rosette forming cells rose to 86%. The 
same line also formed 69% NNP-specific plaques Plaque 
formation was inhibited by sodium azide, confirming that 
it must have been due to active secretion Since the 
frequency of plaque-forming cells nearly equalled the 





Table 2 Summary of anti-NNP antibody tests with culture supernatants 











Haptenated 
: Haptenated phage 
. NNP- phage inactivation NNP-coupled erythrocytes exposed to 
Source of EBV- Agglutination inactivation titre after 2ME culture supernatants, stained for 

Supernatant* transformed explant - titret titre treatment§ Ig IgM IgG lambda kappa 
EP NNP selected , 256 ND ND + + = = + 
LP NNP selected 64 86 <3 + + = = + 
SP NNP selected 64 981 <3 + + ° = S + 
E (Unf) Unfractioned 0 ND ND = = = = = 
L (Sup) NNP deprived : 0 ND ND = = = = = 
S (Unf) Unfractionated 0 ND ND 
EP re-selected NNP re-selected 1,024 4,070 <3 + + = oa + 
RPMI-10% FCS 0 8 <3 — — = = = 


SE 


*As in Table 1. ND, not determined 


i 
tAliquots of 0 1 ml of twofold dilutions of 0 22-um filtered supernatants in BSS were mixed with 0.02 ml of 2% NNP-coupled erythrocytes. 
Agglutination was read after 60 min at 37 °C No agglutination was detected with uncoupled erythrocytes 


{Aliquots of 0.3 ml of supernatant dilutions (filtered through 0 22-um filter) were mixed with 0.3 ml of NIP-cap-T, suspension containing 
200 PFU (plaque-forming units) and incubated for 4h at 37°C. 5 ml 0.7% fluid agar containing about 108 Escherichia coli was then added, 
poured on toa solid 2% agar plate, and incubated overnight at 37 °C. The titres shown are the reciprocals of the dilution causing 50% inactiva- 
tion of haptenated phages i i 

§Supernatants were treated with 0 3 M 2-mercaptoethanol for 60 min at 37 °C before mixing with the NIP-cap-T, phage. . 

|INNP-coupled erythrocytes were incubated with the culture supernatants for 60 min, at 37 °C, washed and stained with FITC conjugated 
antisera. Uncoupled erythrocytes showed no staining after the same treatment The following FITC conjugates were used: (1) rabbit anti-human 
IgG, IgA, IgM, kappa, lambda, (2) anti-IgM,'specific for u chains, (3) anti-IgG specific for Fc fragment; (4) anti-kappa, light chains (Bence— 
Jones); (5) anti-lambda, light chains (Bence—Jones). They were all products of Dakopatts, Denmark. The following cell lines were included as 
positive and negative controls in each test; BJAB™: IgM-kappa positive; Ramos": IgM-lambda positive; Rael” : IgG-lambda positive. 
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Fig. 1 EP culture supernatant was run on 5-20 °% sucrose gradient, 

Beckman SV41 39,000 r.p.m. for 13h. The fractions were 

tested for inhibition of NIP-cap-T, phage plaque formation on 

E. coli as described in Table 2. NIP shows > 90°% cross reactivity 
with the NNP hapten. 


frequency of rossette-forming cells, the PFC and RFC 
forming populations were either identical or largely over- 
lapping. 

The agglutination titre of the supernatants ranged between 
64 and 1,024. The 50% plaque inhibition titre with the 
NIP-cap-T4 phage ranged between 86 and 4,070. All inhibi- 
tory activity was destroyed after treating the supernatant 
with 2-mercaptoethanol, indicating that the antibody was 
IgM, or at least not IgG. 

Table 2 shows the results of all immunological tests, 
including staining of NNP-coupled erythrocytes with the 
culture supernatants, followed by FITC-conjugated anti- 
immunoglobulin reagents, as indicated. All three 
NNP-selected, transformed lines released anti-lgM-kappa 
antibody. according to the erythrocyte staining test. 

Figure 1 shows a sucrose gradient pattern of the EP 
supernatant. It is clear that the specific plaque inhibition 
peaked as 19S. This is in line with the NNP-coupled 
erythrocyte staining test. 

Since EBV-transformed lymphoblastoid cell lines are 
polyclonal for a long time after their establishment”, the 
lines will have to be cloned before it is possible to say 
whether 100% antibody producing cells can be obtained in 
this way. 

These results show that specific antibody-forming human 
cell lines can be established by a combination of B-lympho- 
cyte selection, based on specific antigen affinity, and 
subsequent EBV immortalisation. It should be possible to 
manufacture lines, selected for the production of particu- 
larly interesting antibodies. Monospecific anti-HLA activity 
would be an obvious example. 

This work was supported by contract NO1-CP-33316 of 
the virus cancer program of the USNC, by the Swedish 
Cancer Society and the King Gustaf V Jubilee Fund. 
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Interferon-induced transfer of 


viral resistance between animal cells 


Many animal cell types exhibit the ability to communicate 
between themselves, both in vivo and in vitro. This 
phenomenon is thought to occur through gap junctions 
which allow cells to share their metabolites and small 
control molecules™ t. The overall effect of this cellular 
communication seems to be a coordinated control of 
growth and function of different cells and cell types. 
Interferon is believed to act at the cell membrane in a 
fashion similar to polypeptide hormones’~*. This membrane 
interaction in turn leads to de-repression and production 
of the antiviral protein'’’. If, as is the case with polypep- 
tide hormones", the induction of the antiviral protein is 
mediated through secondary molecules, these might 
influence adjacent cells. The presence of such intermediary 
molecules during interferon induction of the antiviral 
protein has been inferred from kinetic studies’. The 
many instances of the species specificity of interferon 
action make this a testable hypothesis. We show here 
that cells made resistant to virus infection by treatment 
with their homologous interferon can transfer viral resist- 
ance to cells of a heterologous species insensitive to 
that interferon and also to cells of the homologous species. 

The experimental plan was to determine whether inter- 
feron treated mouse L cells could transfer their antiviral 
resistance to co-cultivated heterologous cells. Mouse L 
cells were cultured in various ratios with either human 
(WISH) or baby hamster kidney (BHK) cells in the 
presence or absence of mouse C243 cell interferon. 
Controls consisted of an equivalent total number of either 
cell species alone in the presence or absence of mouse 
interferon. 

Table 1 shows that whereas WISH or BHK cells alone 
are not sensitive to the action of mouse interferon, co- 
cultivation of these cells in the presence of mouse 
interferon and sensitive mouse L cells resulted in a marked 
inhibition of the expected yield of virus from the inter- 
feron-insensitive cells. Control cell mixtures, in the absence 
of interferon (Table 1, experiments 1 and 3), yielded 
at least the expected amount of virus as compared with 
virus yield from either cell type alone. These data indicate 
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Table 1 Interferon-induced transfer of viral resistance between heterologous animal cells 








Cell ratio Experiment | Experiment 2 Experiment 3 
(2.25 x 10° Mouse interferon log,, virus yield logio log,» virus yield logio logo virus yield logis 
cells per well) (7,500 PDD,, U mi-')* Observed Expected inhibitiont Observed Expected inhibitiont Observed Expected inhibitiont 
L cell: WISH (2 : 1) + ND 4.2 5.28 1.08 ND 
= ND ND ND 
L cell: WISH (1: 1) + 3.80 5.75 4.5 5.46 0.96 4.88 6.63 1.75 
_ 6.05 ND 6.93 
L cell: WISH (1 : 2) + ND 4.98 5.58 0.60 ND 
— ND ND ND 
L cell: BHK (2: 1) + 3.00 5.28 ND ND 
y 5.76 ND ND 
L cell: BHK (1:4) + 3.70 5.41 ND 4.41 6,55 2.14 
— 5.71 ND 6.85 i 
L cell + < 3.00 > 2.69 <45 > 1.47 < 3.00 > 3.95 
_ 5.69 5.97 6.95 
WISH + 5.16 0.19 5.76 0.07 6.00 O41 
— 5.35 5.83 6.11 nae 
BHK ; + 5.37 — 0.02 ND 6.47 0,08 
— 5.35 ND 6.59 





Mouse L cells and human WISH cells or baby hamster kidney (BHK) cells in Eagle’s medium (supplemented with 10%. foetal calf serum). 
were cultured in various ratios in Micro Test H tissue-culture plates (Falcon Plastics, Oxnard, California). The total number of cells in each 
well (about 28 mm?) was 2.25 x 10°, Controls consisted of an equivalent total number of either cell species alone. Interferon (final concentration 
7,500 PDD; U mi~) or an equal volume of medium was added; cultures were incubated overnight at 37 °C in a.4% CO, atmosphere. 
Supernatant fluids were decanted and each well infected with 5 x 10‘ p.f.u. of VSV. After 1.5 h at 37°C, inoculum was. decanted, cell sheets 
were washed once and replenished with fresh medium. Virus yields from pooled triplicate cultures were determined approximately 24h later 
by a slightly modified microplaque assay in which methylcellulose (0.5 °%) was substituted for carboxymethylcellulose!.Since interferon-treated 


L cells produce a negligible amount of virus, the expected yield is calculated from the percentage of the WISH cells ina cell mix without 


interferon (experiments | and 3) or a percentage of the heterologous cell yield with interferon (experiment 2). 


*The 50% plaque-depressing dose (PDD,,) is defined as the amount of an interferon preparation that inhibited 50°; of the plaques from — 


developing as compared with controls. In our assay system, i U of National Institutes of Health (NIH) mouse reference interferon preparation had 


a titre of 2 PDDso U. 
tAny difference greater than 0.5 logio is significant at P < 0.05. 


that the presence of interferon with its homologous cell 
can induce antiviral activity in heterologous cells. The 
controls show that inhibition of virus yield does not 
result from co-cultivation of different cell species but results 
from the presence of the mouse interferon preparation 
with the co-cultivated cells. In addition, the degree of 
inhibition of virus yield in mixed cultures in the presence 
of mouse interferon seems to be directly related to the 
ratio of L cells to WISH or BHK cells (Table 1, experi- 
ments | and 2); that is, the higher the proportion of L cells 
the more inhibition of virus yield from the heterologous 
cells. 

Initially, it was important to determine that the observed 
transfer of viral resistance from L cells to heterologous 
cell species was initiated by mouse interferon and also 
that the transferred resistance had the characteristics of 
interferon action. 

Table 2 shows that when partially purified mouse L-cell 
interferon, 100 PDD» U ml~ (10° U per mg protein), were 
incubated with a 1:1 mix of L and WISH cells there 
was 90% inhibition of the expected virus yield. Thus a 
partially purified interferon preparation caused transfer 
of resistance: Further, interferon produced by mouse L 
cells was as effective as that produced in C243 cells. 

One hallmark of interferon action is its sensitivity to 
inhibition by actinomycin D. L cells were treated for 
ih at room temperature with actinomycin D 5 pug mI, 
washed to remove the unbound antibiotic and mixed with 
an equal number of untreated WISH cells in the presence 
or absence of mouse interferon. Control experiments 
had shown that actinomycin D 2yugml’ caused 97% 
inhibition of RNA synthesis in 15min. As seen in 
Table 2, actinomycin D blocked both the action of mouse 
interferon on L cells and the ability of L cells to transfer 
viral resistance to WISH cells. 

Another criterion of interferon action is its inhibitory 
effect on a wide range of viruses. At the low multiplicity 
of infection (MOI) usually used, vaccinia virus was in- 
hibited by mouse interferon in L cells alone (98.5%) as 


well as in the 1:1 L cell: WISH cell mixture (93.3%) 
(Table 2). In higher MOI conditions (5 x 10° p.f.u. per well), 
vaccinia virus was not sensitive to mouse interferon in 


L cells alone, and transfer of resistance to WISH cells i 


was not observed (data not shown). In our experience, =: 


therefore, the susceptibility of vaccinia virus to mouse 


interferon in L cells is highly dependent on the input 
MOI. Likewise, the ability of L cells to transfer viral 
resistance to WISH cells was similarly dependent on the 
input MOI. These data also show that interferon induced : 
transfer of viral resistance can be demonstrated for both 


a DNA (vaccinia virus) and a RNA (vesicular stomatitis 


virus, VSV) virus in parallel with their sensitivity to 
interferon. Si 
Taken together, Table 2 results strongly suggest that 


initiation of the transfer process was due to mouse intere 


feron, since it occurred with crude as well as highly 
purified interferon preparations. Its action was on the 
cell rather than the virus, since resistance was manifested 
in the absence of interferon but in the presence of cells 
which had been acted on by interferon; and the transfer 
process was initiated by mouse interferon produced in 
two different cell lines (L and C243). These two interferon 
preparations have been shown to have all the classic 
characteristics of interferon (that is, species specificity, 
broad virus specificity, requirement of RNA and protein 
synthesis for action, inhibition by anti-mouse interferon 
antisera, non-dialysability, trypsin sensitivity, pH 2 resist- 
ance and so on)"*. The results also indicate that transferred 
resistance has the characteristics of the interferon system 
in that it was blocked by actinomycin D, was effective 
against both a RNA (VSV) and a DNA (vaccinia virus) 
virus, and that the level of transferred resistance showed 
the same MOI dependency as resistance in the homologous 
cell, 

If transfer of resistance is dependent on cell proximity, 
then the degree of transfer should be controlled by both 


the donor (L) to receptor (WISH or BHK) cell ratio... 


(shown in Table 1) as well as the absolute cell density : 
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Table 2 Characteristics of the transfer of viral resistance 
°; Inhibition of expected virus yield (P*) after treatment with. — 
C243 cell interferon (7,500 PDD,, U mi `?) 
Celis Purified L cell interferon Actinomycin D Vaccinia virus 
(2.25 x 10° cells/well) (100 PDD; U ml-')+ VSV (5 ug mi~) VSV VSV (= 10" pfu. per well) 
L cell: WISH cell (1 : 1) 90 ( < 0.025) 0(> 0.5) 78 ( < 0.05) 93.3 { < 0.01) 
L cells > 99.98 { < 0.025) 56 (> 0.2) 99.8 ( < 0.025) 98.5 ( < 0.025) 
WISH cells 0 (> 0.5) O(> 0.5) 0 (> 0.5) 8 (> 0.5) 





For experimental conditions see Table 1. 
*Statistical analysis was carried out using Students 1 test. 


at a given ratio. To test the variable of cell concentration 
the effect of variation of cell density of a constant ratio 
of L and WISH cells was studied. Specifically, L and WISH 
cells each at a concentration of 1.5% 10° cells ml”! were 
serially diluted in twofold steps. L cells at each dilution 
were mixed 1:1 with WISH cells of the same dilution and 
the cell mixtures were plated in the presence or absence 
of mouse interferon (7,500 PDDsoU mi-'). It was found that 
at an L cell-WISH cell ratio of 1:1. the demonstration 
of transfer of viral resistance was dependent on the absolute 
cell density (Fig. la). Interferon-induced transfer of viral 
resistance was not observed until the majority of cells were 
in close contact with neighbouring cells. 

Since our initial experiments were carried out using very 
high levels of interferon (100-7,500 PDD;, U mF’), it was 
important to determine if transfer of viral resistance could 
be demonstrated at more physiological concentrations. 
Mouse L cells were cultured in a 1:1 ratio with WISH cells 
(cell number per well=2.25 x 10°) in the presence or absence 
(control) of different concentrations of mouse interferon 
or in its absence. Other controls consisted of an equivalent 
number of either cell type alone in the presence or absence 
of mouse interferon. Fig. 1b shows that transfer of viral re- 
sistance requires levels of interferon above 5 PDD,, U mr’. 
Almost maximum transfer of attainable resistance can be 
demonstrated with 15 PDD U mi’ of mouse interferon 
indicating that in the experimental conditions there is a 
limit to the degree of resistance which can be transferred. 
These data show that whereas transfer of viral resistance 
to heterologous cells requires more interferon than develop- 
ment of resistance in homologous cells the process is, none- 
theless, fairly efficient in terms of the concentrations of 
interferon required. The concentrations of interferon 
necessary for transfer are well within physiological limits. 

Although the exact mediator of the transfer of viral 


Fig. 1 Effect of cell density (a) and interferon concentration (b) 

on transfer of viral resistance between L cells and WISH cells. 

Since interferon-treated L cells produce a negligible amount of 

virus, the percentage inhibition of expected virus yield is calcu- 

lated by dividing the yield from an interferon-treated L cell- 

WISH cell mix (I: D by half of the yield from a similar but 
untreated L cell-WISH cell mix, times 100. 
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resistance is unknown at present, it seems clear that it 
does not result from production of interferon by the 
heterologous cells in the mixture. The conclusion is based 
on two observations. First, interferon is thought to be 
externalised from a cell before acting“; however, in a 
mixture of | L: 1 WISH cell with mouse interferon, transfer 
of viral resistance occurred in the presence of antisera to 
human fibroblast interferon (enough to neutralise 
300 PDD;, U mi! of any interferon which might be pro- 
duced, data not shown). Second, transfer of viral resistance 
can occur from L cells to a line of African Green Monkey 
kidney cells (Vero) which have lost the ability to synthesise 
interferon (data not shown)". 

Another possibility is that human WISH cells are made 
sensitive to mouse interferon by co-cultivation with mouse 
L cells. Preliminary experiments indicate that this is 
probably not the case, since L cells treated with mouse 
interferon and washed extensively to remove the interferon 
can transfer resistance to WISH cells that are added after 
interferon have been removed (data not shown). 

There are several implications of interferon-induced 
transfer of viral resistance between animal cells. First, 
some part(s) of the interferon system are apparently not 
‘species’ specific because interferon-treated mouse L cells 
can transfer viral resistance to human WISH and baby 
hamster kidney cells. Second, the natural mechanism 
of interferon protection may include action on cells near 
the interferon-responding cell by means of this transfer 
mechanism. Such an idea has been proposed to explain 
the shallowness of the slopes of interferon dose-response 
curves”, This type of secondary action would amplify 
the efficiency of the interferon system. Third, since cell 
lines differ in the rate at which they develop resistance in 
response to interferon. one might expect in conditions 
of transfer of resistance in mixed populations of cells 
as occurs in vivo, more slowly responding cells might be 
influenced by cells which respond more rapidly to inter- 
feron. In other words, the rate of development of 
interferon-induced resistance in a mixed population of 
cells would be determined by the first responding cell 
type. In fact, in carefully controlled kinetic studies human 
WISH cells treated with 30 PDDs U ml7! human interferon 
developed significant resistance (50°, inhibition of virus 
yield) to virus infection after 30min treatment whereas 
human amnion U cells required 2.5h to develop an equiv- 
alent degree (58% inhibition of virus yield) of resistance. 
When these two cell lines were mixed in a 1:1 ratio, the 
mixed population of cells developed significant viral resist- 
ance (63% inhibition of virus yield) after 30 min. That 
is, the mixed population assumed the kinetics of develop- 
ment of viral resistance of the more rapidly responding of 
the two cell types rather than an average (data not shown). 
This phenomenon would also tend to amplify the efficiency 
of the interferon system. Furthermore, this finding suggests 
that interferon-induced transfer of viral resistance occurs 
between cells of the same species and supports the notion 
of a function in vivo for transfer of viral resistance. A 
second example of homologous transfer of resistance is 
provided by our finding that interferon-treated L cells, 
which have been washed and treated with excess antiserum 
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to mouse interferon, can transfer viral resistance to 
untreated L cells (data not shown). 

A fourth implication is that interferon-induced transfer 
of viral resistance may represent a system for studying 
transfer of biological activity between cells. Finally, the 
interaction of interferon at the cell surface may cause 
the formation of a chemical intermediate which is re- 
sponsible for induction of the antiviral protein. Such a 
chemical mediator might be passed from cell to cell with 
a resultant transfer of viral resistance. Preliminary experi- 
ments have indicated that cell-free supernatant fluids 
from interferon-treated L cells can transfer viral resistance 
to human WISH. cells. The elucidation of the nature of 
the mediator of transfer of viral resistance would greatly 
enhance our understanding of the induction process for 
the antiviral state. Should this mediator prove to be a 
simple molecule, the potential for control of viral infections 
is obvious. 

In summary, we have shown that interferon-treated 
mouse L cells can transfer their antiviral resistance to 
co-cultured heterologous (human WISH or hamster BHK) 
cells which are insensitive to mouse interferon. Transfer 
of viral resistance seems to be initiated by interferon 
itself. Once transferred, the viral resistance has the 
characteristics of the interferon-induced antiviral state. 
The transferred resistance occurs between several cell 
species. The transfer of resistance depends on the ratio 
of cells homologous (to interferon) to cells which are 
heterologous as well as to the absolute cell density at 
a given ratio. The transfer process is efficient in that 
it requires relatively small amounts of interferon. Finally, 
we propose that this phenomenon is a natural process for 
amplification of the interferon system, and preliminary 
evidence indicates that it occurs by cell to cell transfer 
of an interferon-induced molecule. 
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Hyperacute autoimmune encephalomyelitis 
induced by a synthetic autoantigen 


EXPERIMENTAL autoimmune encephalomyelitis (EAE) is an 
organ-specific autoimmune disease of the central nervous 
system (CNS) induced by immunisation with CNS tissue in 
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complete Freund’s adjuvant (CFA). It is generally regarded 
as an animal model of acute disseminated encephalo- 
myelitis. In Lewis rats a hyperacute variant of EAE can be 
induced using appropriate CNS immunogen with Bordetella 
pertussis vaccine as adjuvant with or without CFA’. 
Hyperacute EAE (HEAE) differs from ordinary EAE 
clinically in its early onset and in its rapid and severe 


course, with high incidence of cerebral involvement and = 


mortality. Histological lesions of HEAE are characterised by 
the presence in the CNS parenchyma of polymorphonuclear 
leukocytes, and necrosis, haemorrhage, oedema and fibrin’. 
Because HEAE and ordinary EAE overlap histopatho- 
logically and immunologically’ they provide experimental. 
evidence supporting the concept that certain human demye- 
linating diseases represent a spectrum of autoimmunity 
ranging from chronic multiple sclerosis to acute h 
rhagic necrotising leukoencephalopathy, for which 
HEAE is a model™™*, We report here that the induction of 
HEAE is favoured by the absence of a methyl group in a 
sequence of 14 amino acids of the primary structure of the 
immunogen. 





The autoantigen in CNS tissue which induces and is the me 


target of the immune response in EAE is the basic protein 
of myelin. Few differences are found in the sequences. of 
the approximately 170 amino acids. of. mammalian basic 
proteins which have been characterised (reviewed in ref. 5). 
Numerous encephalitogenic determinants have been identi- 
fied in the basic protein molecule (reviewed in ref::6). In 
contrast to the similarities in amino acid composition of: 
their basic proteins, different species vary markedly in their 
susceptibility to EAE induction by defined peptide regions 
of the basic protein. For example, the major encephali- 
togenic determinant for guinea pigs is the ‘tryptophan’ 
peptide (residues 113-121) (ref. 7). That peptide also induces 
EAE in rabbits**, but is inactive in rats’. Peptide 66-75 is 
encephalitogenic for rabbits, but is inactive in rats”, and 
a peptide comprising residues 70-88 of guinea pig basic 
protein is known to be encephalitogenic for rats’~". With 
B. pertussis as adjuvant, we found that guinea pig basic 
protein was unique in its capacity to induce HEAE in rats 
when compared with basic proteins from seven other 
species’. We further established that the determinant of 
the guinea pig basic protein responsible for HEAE induc- 
tion resided in the region 70-88 (ref. 12). We have now 
confirmed by synthesis that the unique antigenicity of the 
guinea pig basic protein leading to HEAE induction is 
determined by the primary amino acid sequence of a 14 
amino acid peptide. The corresponding region of the rat 
basic protein, which differs by only a single amino: acid 
substitution at residue 79 (threonine/serine), induces 
ordinary EAE but not HEAE. 

Guinea pig and rat basic proteins were prepared from 
brain tissues? and the corresponding midpeptides (residues 
45-88) were isolated after 20 min of peptic digestion®. The 
midpeptides were further digested by rapid proteolysis with 
a-chymotrypsin (20-30s at 37°C). Preparative electro- 
phoresis in pyridine—acetic acid~butanol-H,O (1:1: 2:36) 
yielded two fragments of 19 and 25 amino acids. Amino 
acid analyses identified the fragments as residues 70-88 and 
45-69 respectively (Table 1). Peptide 73-86 (guinea pig 
sequence) was synthesised by the Merrifield solid phase 
technique. 

Graded doses of basic proteins and peptides were pre- 
pared in saline, emulsified with CFA and injected intra- 
dermally into 10-week-old female Lewis rats as described 
previously’. B. pertussis vaccine (210° organisms) was 
injected subcutaneously. Clinical signs of ordinary EAE 
and HEAE were scored daily. Ordinary EAE generally 
appeared around day 12 or later and consisted of ‘flaccid 
weakness or paralysis of limbs and/or tail, and incontinence, 
and was usually not fatal. HEAE was readily distinguished 
from ordinary EAE clinically by the additional combination 
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Table 1 Encephalitogenicity of graded doses of guinea pig and rat myelin basic proteins and peptides of their midregions 





Dose Mean day 
Immunogen (nmol) of onset 
Guinea pig 0.53 10 
basic protein 0.17 10 
0.053 12 
Rat basic protein 0.21 16 
0.067 — 
Guinea pig 1.0 -3.1 9 
residues 45-88 0.62 11 
0.062-0.21 12 
0.021 = 
Rat 0.64 -3.2 12 
residues 45-86 0.21 14 
0.021-0.064 — 
Guinea pig 
residues 45-69* 0.55 -5.5 — 
Guinea pig 0.16 -2.3 9 
residues 70-88t} 0.0046-0.037 13 
0.0028 — 
Rat 0.60 -2.3 11 
residues 68-86t 0.16 13 
0.018 -0.037 — 
Guinea pig l2 10 
residues 73-86§ 0.15 13 
(synthetic) 





Clinical EAE 
Total Incidence of 
incidence ‘cerebral’ Mean day 
of signs signs Mortality of death 

5/5 4/5 5/5 2 
5/5 4/5 5/5 

4/5 0/5 0/5 — 
4/5 0/5 0/5 = 
0/5 0/5 0/5 — 

24/24 20/24 22/24 12 
10/10 6/10 4/10 17 
8/10 0/10 1/10 12 
0/5 0/5 0/5 ~ 
22/22 5/22 2/22 (12,21) 
2/4 0/4 0/4 — 
0/7 0/7 0/7 = 
0/9 — 0/9 — 

33/33 22/33 27/33 12 
13/14 4/14 7/14 15 
0/4 = 0/4 = 

25/25 15/25 3/25 13 
4/5 0/5 0/15 Š 
0/5 — 0/5 — 

12/12 11/12 8/12 13 
8/8 3/8 3/8 18 





HEAE was distinguished from ordinary EAE clinically by a combination of early onset (usually 9-10 d), rapid and severe course and high 
incidence of mortality and cerebral signs (irritability, seizures, coma and spasticity). Amino acid analyses were determined using a Beckman 


121 analyser after hydrolysis for 24 h in 6 M HCI. 


*Amino acid analysis: Phe (1.0), Gly (3.0), Ser (3.0) Asp (2.0) Arg (3.0), Ala (4.0), Pro (1.0), Lys (2.0), His (3.0), Thr (2.0), Tyr (1.0). 
+The rat sequence (68-86) is identical to the guinea pig sequence (70-88) except tora threonine for serine substitution. 
$70 8 


Gly-Ser-Leu-Pro-GIn-Lys-Ser-GIn-Arg-{Ser]-Gln-Asp-Glu-Asn-Pro-Val-Val-His-Phe 


K: .0)(3.0)(1.0)(2.0)(4.0)(1.0) (1.0) (2.0) m 

3 
Pro-GIn-Lys-Ser-GIn-Arg-[Ser]-GiIn-Asp-Glu-Asn-Pro-Val-Val 
(2.0)(4.2)(1.0)(1.8) (1.0) (2.0) (1.8) 


of early onset of signs (9-10 d), severe motor impairment 
with a high incidence of cerebral involvement (irritability, 
seizures, coma and spasticity) and a uniformly rapid and 
fatal course. Brains and spinal cords were examined 
histologically’. 

Table 1 compares the encephalitogenicity of the whole 
guinea pig basic protein, its midpeptide (residues 45-88) 
and smaller fragments of that peptide. Doses as low as 
0.17 nmol of guinea pig basic protein, 1.0nmol of peptide 
45-88 and 0.16 nmol of the chymotryptic fragment 70-88 
induced HEAE. Ordinary EAE was induced by doses of 
peptide 70-88 as low as 0.0046 nmol. The larger chymo- 


Fig. 1 A small blood vessel with intraluminal inflammatory 
cells in the spinal cord parenchyma of a rat inoculated 12d 
earlier with synthetic peptide 73-86 (Pro-Gin-Lys-Ser-GIn-Arg- 
[Ser]-GiIn-Asp-Glu-Asn-Pro-Val-Val). The prominent extra- 
vasation of fibrin is characteristic of HEAE (phosphotungstic 
acid-haematoxylin, = 779). 


a — 








(2.0) (1.0)(1.0) 


tryptic fragment 45-69 induced neither clinical nor histo- 
logical signs of EAE at 5.5-nmol doses. The synthetic peptide 
comprising residues 73-86 induced HEAE (both clinical 
and histological signs (Fig. 1) ) at a dose of 1.2 nmol. 

Peptides corresponding to guinea pig residues 45-88 and 
70-88, but derived from syngeneic rat basic protein, induced 
ordinary EAE, but not HEAE, when tested over a broad 
range of doses with identical adjuvants. Doses of 2.3 and 
3.2 nmol induced very severe signs of ordinary EAE but 
cerebral signs were uncommon and most rats recovered. 
Thus the unique capacity of the guinea pig basic protein 
to induce HEAE (ref. 3) is not simply a dose effect but is 
determined by the amino acid sequence of the region 73-86. 
The only sequence difference in this region of the basic 
proteins of guinea pig (which induces HEAE) and rat 
(which induces only ordinary EAE even at high doses) is a 
serine/threonine substitution at residues 79. Thus the 
antigenic requirements for induction of two clinically dis- 
tinct autoimmune syndromes are determined by one methyl 
group. 

The fact that HEAE was induced by the synthetic peptide 
73-86 rules out the possibility that the enzymatically 
derived guinea pig peptide might have been contaminated 
with another encephalitogenic fragment. Synthesis of addi- 
tional analogues of the region comprised in residues 73-86 
should allow definition of (1) the minimal antigenic require- 
ments for induction of HEAE and (2) the essential dif- 
ference between determinants inducing HEAE and ordinary 
EAE. The availability of defined synthetic autoantigens 
presents a unique opportunity to analyse the different 
immunopathogenic mechanisms involved in ordinary and 
hyperacute EAE. 
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Increased endoneurial fluid 
pressure in experimental lead neuropathy 


THE endoneurial compartment of peripheral nerve is rela- 
tively inaccessible because of its small size and is main- 
tained in a specialised environment by means of a peri- 
neurial barrier’, a blood—nerve barrier’? and a cerebrospinal 
“fluid barrier. We have gained access to the endoneurial 
compartment of mammalian peripheral nerve by means 
‘of small polyethylene’ matrix (PEM) capsules and have 
recorded endoneurial fluid pressure (EFP) using an active 
servo null system”. The solid PEM capsules have pores 
of approximately 604m which facilitate entry of fluid 
into the interstices and connecting polyethylene tubing, 
but unlike hollow capsules’, are not invaded by con- 
nective tissue. We have used PEM capsules to make serial 
measurements of EFP in control and lead-fed rats and 
watched the pathological changes. We did this because 
of the prominence of endoneurial oedema in, for example, 
inflammatory _polyradiculoneuropathy®, diabetic neuro- 
pathy’, acromegalic neuropathy’ and experimental lead* 
, and galactose™"®: neuropathies, and because external pressure 
causes segmental demyelination and even axonal degenera- 
tion of peripheral nerve fibres". We found that EFP in- 
creased progressively in lead-fed rats and preceded the onset 
of fibre pathology. The time course of the increase and of 
fibre pathology suggests that increased EFP is a cause of 
segmental demyelination in lead neuropathy. 
_ PEM capsules (external diameter 0.5 mm) tightly wedged 
in a PE-10 tubing. were implanted into the left sciatic 
nerve of 18 Sprague-Dawley rats and EFP recordings 
were made 1 month. later... Pressures from the capsules 
were measured using a modification of an active servo-null 
device originally developed by Wiederhielm’. A micro- 
pipette. containing hyperosmolar saline forms one arm 
of a balanced Wheatstone bridge adjusted for null. When 
the micropipette is wedged into a tubing connected to 
the capsule the EFP causes a shift in the fluid interface 
«at the tip of the pipette, causing an error voltage. This 
voltage is amplified and applied to a bellows system which 
generates. a counter-pressure within the pipette, restor- 
ing the fluid interface to its original position. The hydraulic 
pressure is measured with a transducer and recorded’. 
After the initial. recording nine rats were placed on a 
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Pressure (mm Hg) 





Time (months) 


Fig. 1 EFP does not change significantly with time in control 
rats (upper) but increases progressively in lead rats (lower). Arrow 
indicates onset of test feeding. 


conventional diet to which 4% lead carbonate had been 
added (lead rats). The remaining nine animals were 
pair-fed the same diet but without the added lead (control 
rats). EFP recordings were repeated 3 weeks, 6 weeks, 
3 months and 4.5 months after commencement. of test 
feeding (Fig. 1). EFP recordings were successful in eight 
of nine control rats 1 month after implantation of the 
capsule and ranged from 0.5 to 1.8 mm Hg. They did 
not alter significantly in subsequent serial recordings. 
By contrast, the EFP was increased in seven of nine 
lead rats by 3 weeks after start of lead feeding and 
progressively increased in serial recordings (Fig. 1). 
Three animals from each group were killed 3 weeks 


Fig. 2 Transverse fascicular area of control (closed circles) and 
lead rats (open circles) at different times after start (arrow) of test 
feeding. 
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Fig.3 Transverse section of peroneal nerve from control (upper) 

and lead rat (lower) after 3 months of lead feeding. Note the 

marked pericapillary and Fiji eg oedema in the nerve of 
the lead rat. 


and 3 months after start of test feeding and the remaining 
three controls and two lead rats (one meanwhile had 
died) were killed at 4.5 months. All morphological studies 
were done on the right peroneal nerve. 

The transverse fascicular area (TFA) of right peroneal 
nerve was digitised on photographic enlargements (X230) 
of transverse sections of nerves embedded in Epon. The 
TFA was increased at 4} months after test feeding 
and was variably increased even earlier in lead rats (Fig. 2). 
The number of measurements were small but the trend 
paralleled that of EFP recordings. 

On pathological evaluation, endoneurial oedema was 
absent or mild at 3 weeks and prominent by 3 months. 
Oedema tended to be most pronounced around small 
blood vessels and in the subperineurial area (Fig. 3). Fibre 
pathology, as assessed by phase contrast microscopy of 
sections and by evaluation of teased fibres (100 fibres 
per nerve) consisted chiefly of segmental demyelination 
and remyelination. Axonal degeneration was uncommon. 
In Table 1 fibres showing segmental demyelination with 
or without regeneration are grouped under percentage 
demyelination. Segmental demyelination was not found 
in nerves of control rats or in nerves of rats fed lead 
for 3 weeks. At 3 months, however, segmental demyelina- 
tion was seen in all lead rats and the changes were 
marked by 44 months (Table 1). 

Our study provides the first evidence that endoneurial 
pressure is increased in a neuropathy. The rise in EFP in 
experimental lead neuropathy is small in absolute terms and 
relative to the externally applied pressures which have been 
used to produce segmental demyelination'’'"; however, the 
relative increase above baseline values is considerable. The 





Table 1 Percentage of teased fibres (of 100) showing segmental 


demyelination with a without remyelination 





Duration of 


study (weeks) Nerve no. Control Lead 
3 l 0 0 
2 0 0 
3 0 0 
12 l 0 96 
2 0 — 
3 0 =. 
18 1 0 94 
2 0 80 
3 0 








*Improperly prepared for adequate teased assessment—most fibres 
of both nerves showed segmental demyelination with or without 
remyelination. 
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mean EFP after 6 weeks of lead feeding is approximately 
four times and at 3 months six times baseline values. More- 
over, the mode of action of experimental compression is 
mechanical and acute, compression being applied for min- 
utes to an hour or two, whereas the pressure rise in experi- 
mental lead neuropathy as reported here is maintained 
over months. The magnitude of the increase in pressure is 
not sufficient to collapse endoneurial and perineurial capil- 
laries* so that ischaemia from capillary collapse, as was 
postulated by Sunderland’ for median nerve entrapment in 
man, should not be the mechanism of segmental demyelina- 
tion in this model. 

This investigation was supported in part by grants from 
NIH and by the Upton, Herrick, Gallagher and Schmitter 
Funds. P.A.L. was supported in part by grants from the 
Royal Australian College of Physicians and the postgraduate 
medical foundation, University of Sydney, NSW, Australia. 
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Development-related changes 
of triiodothyronine 
binding to brain cytosol receptors 


SEVERAL lines of evidence have established that thyroid 
hormones have a major role in the functional differentiation 
of the mammalian central nervous system™™*. Clinical or 
experimental hypothyroidism in early life results in be- 
havioural disturbances and mental dysfunction which are 
apparently the outward manifestation of well-defined bio- 
chemical and structural lesions observed in the cerebellum 
and cerebral cortex of experimental animals. Significantly, 
the defects arising from the hypothyroid state are amenable 
to hormone therapy only during an early critical age period. 
Furthermore, unlike the liver and most other tissues, the 
mature brain is not responsive to the manipulation of the 
thyroid hormone state at least in terms of certain bio- 
chemical parameters. The brain is thus uniquely dependent 
on thyroid hormones for the full expression of functional 
development during a limited age period which is analogous 
to the situation in amphibian metamorphosis’. I reasoned 
that the acquisition and disappearance of brain sensitivity 
to thyroid hormones may be related to their binding pro- 
perties with cellular receptors. I show here that the affinity 
of rat brain (cerebellum) cytosol for triiodothyronine (Ts) 
is high during an early age period when cytodifferentiation 
is most intense and declines dramatically with age with no 
apparent change in the number of binding sites. In sharp 
contrast, the liver shows a marked increase in the number 
of binding sites with age with little change in affinity. 
The rat cerebellum was chosen for study since both the 
structural and functional differentiation of this region at 
an early age and its responsiveness to the thyroid hormones 
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Fig. 1 Scatchard analysis of binding of 1*I-T, to cytosol 
prepared from rat (a,) cerebellum and (by) liver at 10 (0), 20(0) 
and 50 (x) days of age. Cytosol (100-150 ug protein) was 
incubated with’ increasing concentrations of !“]-T, (4x 107° to 
1 x 10-® M, final concentration) for 2 h at 0 °C. Bound hormone 
was separated from free hormone by the addition of 0.2 ml of 
a dextran-coated charcoal suspension (5% charcoal: 1 % dextran 
of molecular weight 60,000—-90,000 tn 20 mM Tris-HCl, pH 7.8). 
The tubes were vortexed for 6 s, kept on ice for 10 min and 
centrifuged at 4000g for 10 min. A portion of the clear super- 
natant containing the bound **5J-T, was rapidly removed and 
counted in a Packard Auto-gamma spectrometer. Sephadex G25 
chromatography™ of the bound fraction confirmed that 94% 
of the radioactivity was in the form of T;. The magnitude of the 
high affinity, saturable binding was estimated by subtraction of 
the radioactivity bound in the presence of a 1,000-fold molar 
excess of native T, The free hormone concentration was cal- 
culated by subtraction of the total 1*4I-T, bound from the total 
. MI-T, added per assay and expressed as nmol per | of cytosol. 
The dextran-coated charcoa! procedure removed more than 98 % 
of the 'I-T, at all concentrations in the absence of cytosol. 
The removal of the bound hormone by Sephadex G25 gel filtration 
gave comparable results with the charcoal procedure. The values 
are means of two determinations which did not differ by more 
than 3% from the mean. The values are not corrected for the 
dissociation of the bound hormone tn the presence of charcoal. 


during this period have been extensively characterised. 
Cytosol was prepared from the cerebellum and liver (per- 
fused through the portal vein with 25 mM KH:PO,, 0.1 M 
NaCl, pH 7 4) of 10-, 20- and 50-d old Sprague-Dawley rats. 
The tissues were homogenised with a motorised Teflon 
pestle in 5 volumes of 0.32 M sucrose, 20 mM Tris, 1.0 mM 
MgCl: (pH 76). After removal of the mitochondrial frac- 
tion by centrifugation in the cold at 12,000g for 20 min, 
the supernatant was centrifuged at 130,000g for 90 min at 
4 °C. The supernatant, which represented the cytosol, was 
aspirated (excluding the surface lipid in the case of the 
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liver) and stored in small portions at —20 °C for no longer 
than 2 weeks. Cytosol, equivalent to 100-150 ug protein 
was incubated-in the presence of I-T, (specific activity 
290 Ci mmol, Abbott) in 12X75-mm polypropylene tubes 
for 2h at 0°C in a final volume of 0.5 ml. The reaction 
medium contained 0.25M sucrose, 20mM Tris, 1.0mM 
MgCl, 1 mM dithiothreitol and 5% glycerol (pH 7.6) and 
was used for the dilution of cytosol and labelled and un- 
labelled hormones. The presence of dithiothreitol was found 
to be necessary for maximal binding and glycerol was in- 
cluded to prevent receptor decay particularly over long 
incubation intervals. A second identical series of tubes con- 
tained, in addition, 1,000-fold molar excess of unlabelled 
Ts as a competitor for ‘high affinity (saturable) *J-T; bind- 
ing "I-T; was at least 92% pure as determined by thin- 
layer chromatography. The level of cytosol protein as used 
in the assay was within the range where binding was directly 
proportional to protein for all age groups. 

Representative Scatchard plots of the binding of increas- 
ing concentrations of **I-T; to cerebellar and liver cytosol 
during development are shown in Fig. la and b, res- 
pectively. Saturation was achieved with about 1x10°°M 
T; at all ages. The binding parameters, affinity constant and 
maximum binding capacity, derived from these curves are 
listed in Table 1. The striking decline in the affinity constant 
for the cerebellum with age apparently correlates with the 
limited period of responsiveness of the brain to thyroid 
hormones during and early critical period of development. 
In the liver, on the other hand, which does not demonstrate 
an age-dependent tissue sensitivity to thyroid hormones, the 
number of binding sites increases markedly with age with 
little change in the affinity constant. 

The development of the cerebellar cortical architecture in 
the rat is almost exclusively confined to the first 3 weeks of 
life and the sequence of events have been clearly docu- 
mented’. These maturational processes are dependent on 
the presence of thyroid hormones; thus, neonatal hypo- 
thyroidism retards cellular proliferation and differentiation 
and impairs the growth of neuronal processes, the forma- 
tion of synapses and their organisation’ *. Physiological 
levels of hormone are capable of reversing these aberrant 
changes if administered at an early age”. 

It is significant that the affinity constant for the cere- 
bellum is high at an age when cellular proliferation and 
migration are maximal and cytodifferentiation is proceeding 
rapidly. This relationship implies that the regulation of gene 
expression may come under hormonal control. Evidence 
that thyroid hormones bind to nuclear receptors with high 
affinity in several tissues, including brain’, provides sup- 
port for this contention. 

The significance of recognition sites for T, in brain 
cytosol shown here and earlier in several mammalian non- 
neuronal tissues™™®™, is not clear. The T, binding charac- 
teristics in cytosol seem to be considerably different from 
nuclear preparations’”’*. Moreover, unlike steroid hor- 
mones, cytosol binding is apparently not a prerequtsite for 
the interaction of thyroid hormones with nuclear re- 





Table 1 Association constants (Ka) and maximal binding capacity 
(M) of cerebellum and liver during development 


Ka M 
Age (l per mol (pmol per mg 

Tissue (d) x107 protein) 
Cerebellum 10 6.40 0.79 
20 1.25 0.87 
50 0.66 0.75 
Liver 10 1.43 0.43 
20 1.25 1.16 
50 0.88 2.45 





Ka and M were derived from Fig. 1 where the slope represents 
— Ka and the intercept of the line in the abscissa equals M. 
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ceptors'''"*"*'7_ Cytosol binding sites may serve to provide 
a readily available supply of hormone for biological action 
at some additional intracellular site and thus may be 
regarded as ‘acceptors’. Alternatively, cytosol binding sites 
may indeed be regarded as one of several primary receptors 
in accordance with the multiple actions of thyroid 
hormones. 
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Axonal accessibility and adaptation to 
osmotic stress in an extreme osmoconformer 


Ir is generally assumed that neuronal function is critically 
dependent on a relatively stable chemical environment. In 
most animals investigated homeostasis of the neuronal 
microenvironment is achieved by regulation of the chemical 
composition of the body fluids and, in higher vertebrates’? 
and insects‘, by additional homeostatic control within the 
nervous system. The axons of an extreme invertebrate 
osmoconformer® (the worm Mercierella enigmatica Fauvel) 
have been shown, however, to adapt and to continue to 
produce sodium-dependent action potentials when exposed 
to massive blood dilution’’’. It has also been suggested that 
short-term protection is provided by a facultative blood- 
brain barrier which enables the axons to adapt relatively 
slowly to hyposmotic stress’. We now report that the effects 
isosmotic and hyposmotic dilution of the surrounding 
medium on the giant axons of Mercierella are direct, and 
that axons respond rapidly to changes in ionic concentration 
and adapt to extreme osmotic stress almost immediately. 
Electron microscopy showed that the giant axon is 
overlaid by narrow glial processes which form an incomplete 
investment. Where the covering is more complete the inter- 
cellular clefts which link the extra-axonal fluid with the 
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Fig. 1 a, Giant axon (GA) and surrounding tissue of an animal 
adapted to seawater showing penetration of lanthanum through 
the glial clefts to the axon surface. Animals were incubated for 
30 min in normal saline with 10 mM LaCl, added before fixa- 
tion by the method devised by Baskin” ( x< 20,500). b, Small 
axons from the connective of a seawater-adapted animal 
exposed briefly to dilute saline, a treatment previously supposed 
to limit access to the axon surface. Lanthanum is shown here 
to penetrate to the intercellular spaces between the axons. 
Animals briefly exposed to dilute saline were incubated in 50 mM 
LaCl, for 2h before fixation with glutaraldehyde in dilute saline, 
enriched with phosphate to a final concentration of 0.05 M and 
with added calcium. The preparation was post-osmicated and 
stained en bloc with uranyl acetate (x 31,000). 


blood, or bathing medium, do not seem to be occluded by 
junctional complexes. 

Externally-applied lanthanum was found to penetrate to 
the axon surfaces in seawater-adapted individuals bathed in 
normal (Fig. la) and diluted (10%) physiological saline 
(Fig. 1b). There is therefore no ultrastructural evidence for 
a significant restriction of intercellular diffusion to the axon 
surface in hyposmotic conditions. 

We also found that the axonal responses to hyposmotic 
solutions depend on the method of dilution of the fluid in 
the recording chamber. With continuously flowing saline, 
as used before’, the lack of effect of rapid hyposmotic dilu- 
tion resulted from fluid stratification which produced an 
unstirred layer of relatively high salinity in the immediate 
vicinity of the axon. When hyposmotic dilution was achieved 
by vigorously syringing the solution directly on to the pre- 
paration, relatively rapid axonal responses to ionic dilution 
could be observed in isosmotic and hyposmotic conditions 
(Fig. 2). 

Our results indicate that the giant axon of Mercierella 
is not structurally protected from the immediate effects of 
hyposmotic stress. Even if some protection is provided in 
the intact animal by fluid stratification in the immediate 
vicinity of the axon surface, the giant axon can adapt to 
hyposmotic stress in experimental conditions much more 
rapidly than has been previously supposed’. 

Intact colonies of Mercierella can function normally in 
distilled water for several weeks. Fig. 3b and c illustrates the 
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Fig. 2 Effects of 50% dilution of the physiological saline 
(1,024 mOsm) on the action and resting potentials, recorded with 
a conventional intracellular microelectrode (40 MQ), in a giant 
axon of Meicierella Hyposmotic saline was made by diluting 
standard saline with distilled water Isosmotic dilution was ach- 
ieved by addition of mannitol to diluted standard saline. In these 
experiments the solutions were syringed (at a rate of 0.5 ml’ 
s~!) directly on'to the preparation. The standard saline was 
based on the ionic and osmotic concentrations of seawater- 
adapted animals (mM: Na*, 482.3; K+, 30; Mg?*, 77; Ca?*, 31, 
SO*-,, 26; Cl-, 663 8; OH~, 12 5 and PIPES, 75 mM). 


responses of the giant axon to a dilution regime (Fig 3a) 
similar to that in the blood of intact animals after transfer 
of a colony from seawater to distilled water In spite of 
extreme osmotic stress, action potentials persisted through- 
out the experiment, with some diminution in amplitude 


only during the initial period of dilution The hyposmotically- 


Fig. 3 Effects of progressive hyposmotic dilution on the resting 
and action potentials in a giant axon of Mercierella a, The 
broken line illustrates the rate of dilution of the blood measured 
on transfer of colonies of Mercierella from seawater to distilled 
water’. The continuous line indicates the step changes in 
dilution used in this experiment 5, Continuous recording of the 
resting and action potentials recorded by a transient signal 
processor and displayed on a chart recorder c, Action potentials 

at different stages of hyposmotic adaptation. : 
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adapted action potentials ‘were of larger amplitude than those 
recorded ‘initially in ‘full strength saline As shown from 
axons from ‘individuals’which were hyposmotically adapted 
in distilled water for several weeks’, the in vitro adaptation 
involves a’ relatively slow hyperpolarisation of the axon 
membrane This, togéthér' with an apparent reduction in 
intracellular sodium concentration’, facilitates overshooting 
action potentials of large amplitude in the face of the 
extreme dilution of the tonic and osmotic concentration of 
the bathing medium. ‘ 

These observations indicate that the giant axons in this 
euryhaline -osmoconformer can withstand and adapt to 
extremé changes ın the osmotic and ionic composition of its 
immediate fluid environment. This establishes the important 
principle that neuronal homeostasis can ‘be achieved not 
only by regulation of the extracellular fluid (as in higher 
vertebrates and insects) but also by relatively rapid 
adaptations by the nerve cells themselves. 
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Modification of synaptic 
input following unilateral labyrinthectomy 


UNILATERAL vestibùlar nerve transection ıs followed by postural 
and locomotor disturbances that disappear to a large extent 
with tıme after the lesion’. This compensation requires a central 
readjustment of the tonic and phasic output from the remaining 
vestibular apparatus to the motornuclet involved in the control 
of limb and head muscles. To study the mechanisms of this 
type of motor learning at the single neurone level, we have 
used the frog (Rana temporaria), because in this species the 
time course of the postural compensation following hemi- 
labyrinthectomy has been thoroughly studied?. Furthermore, 
the synaptic circuitry and functional organisation of the peri- 
pheral and central vestibular systems are well known for this 
species’. Since the vestibular nuclei are the first integrative 
structures in which bilateral vestibular and other sensory 
inputs converge, and since their output influences motor systems 
directly or indirectly, we began to look for plastic changes in 
second order vestibular neurones. Many of these neurones are 
monosynaptically excited from the ipsilateral and disynapti- 
cally through commissural fibres from the contralateral5 
labyrinth. 

After unilateral ‘labyrinthectomy via a ventral, extracranial 
approach, acutely (< 12 h) and chronically (> 60 d) deafferen- 
ted vestibular neurones were activated by electrical stimulation 


_ Of the anterior branch of the intact contralateral VIEIth nerve. 


Dissection, stimulation, ‘and recording procedures were as 
described previously*5. Synaptic potentials were averaged with 
a Nicolet computer and ‘corrected for the extracellularly re- 
corded field potential’. Duration of excitatory postsynaptic 
potentials (e p.s.ps) were measured at half amplitudes and the 
times-to-peak from the points of divergence of the intra- and 
extracellular records to the peak of the e.p.s.ps. To facilitate 
comparison of amplitudes, threshold values, and shape indices 
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of e.p.s.ps? amongst different animals, the stimulation intensity 
was expressed in multiples of the N, field potential threshold 
(Ty,) recorded in the ipsilateral vestibular nucleus* and was 
restricted to < 5x Ty,- 

In acutely operated animals stimulation of the intact Vilth 
nerve elicited field potentials in the vestibular nuclei on both 
sides (Fig. 14) as described previously*. The, presence of these 
field potentials served as a convenient :measure of electrode 
location and the state, of the anımal. , 

Intracellular recordings from vestibular neurones located 
ipsi- and contralaterally to the stimulation side revealed e.p.s.ps 
with significant differences in their shape, indices (Fig. 1B). 
The e.p.s.ps elicited from primary afferent fibres had a much 
greater amplitude (2.6+1.0 mV; n = 45) and a much shorter 
time-to-peak (4.2-41.6 ms; Fig. 2) than those elicited through 
commissural fibres (1. 6+1. 1 mV; P < 0.001 and 12.4+3.2 ms; 
P < 0.001; n = 75; Fig. 2). With i increasing stimulus intensity, 
the time-to-peak of the e.p s ps did not shorten systematically. 
The duration of the e.p.s.ps was, in general about three times 
the time-to-peak but was often much longer because of the 
arrival of late polysynaptic potentials The e.p s ps induced by 
primary afferent fibres regularly triggered bursts of partial? and 
full action potentials whereas e.p.s.ps induced by commissural 
fibres elicited single spikes in only 221% and repetitive firing 
in only 2.6% of the cells. The slower time-to-peak and the 
lower efficacy of commissural e.p.s.ps to provoke action 
potentials fully corroborate the suggestion® that commissural 
fibres form synapses more peripherally on the dendrites of 
vestibular neurones than primary afferent fibres which are 
known to synapse on and close to the soma®. 

In chronic animals the vestibular-evoked field potentials 





Fig. 1 A, Field potentials in the vestibular nucleus 1ecorded on 
the ipilateral sides (1) and contralateral (2, 3, 4) to VIIIth nerve 
stimulation from an acutely (2) and a ‘chronically Gl: 33. 4) 
operated animal. The presynaptic components (arrows) indicate 
the arrival of impulses in primary afferent (1) and in commissural 
fibres (2,3) respectively. Cutting the vestibular commissure 
abolished both the prepotentials as well as the later slow negative 
field potentials (4) recorded previously at the same depth (500 
um, 3) but left the ipsilateral field potential (1) unchanged. 
The depth profiles of the slow negative field potentials of acute 
and chronic animals were similar (maximal response 450-500 
um), but their amplitudes were different (compare 2 with 3). 

_ Calibration pulse: 205 mV; I ms, positivity upwards B, E.p s ps 
recorded ın vestibular neurones were induced by primary afferent 
fibres (a) and by commussural fibres (b, c). b, was recorded in an 
acutely and c in a chronically deafferented neurone: Note the 
shorter time-to-peak and the larger amplitude of c ın comparison 
with b. Traces are redrawn from the computer-averaged e p s ps 
(16 sweeps) and were superimposed at the point of their onset. 
Downward artefacts represent stimulation; calibration pulse: 

+1mV; lms. 
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recorded in the deafferented vestibular nucleus (Fig. 14) were 


of larger amplitude (two to three times) than those recorded in J 


acute animals. Usually bursts of evoked spikes were super- 
imposed on the field potential, a finding which was rarely 
observed in intact" or in acute animals from this series of 
experiments. In chronic preparations, in contrast to acute 
animals, many vestibular neurones were spontaneously active 
with firing rates (1-10 Hz) similar to those recorded on the 
intact side. 

The increased excitability of deafferented vestibular neurones 
might have been caused by a change in the excitability of 
vestibular neurones located on the intact side which project to 
the deafferented nucleus. To investigate this possibility, we 
recorded extra- and intra-axonally from commissural fibres on 
the lesioned side of acute and chronic animals as well as in the 
depth of the brainstem where these fibres are known to cross. 
A comparison of the data obtained in these two groups of 
experimental animals showed practicallly identical values for 
the thresholds of single spikes (1.6 x Ty), bursts (2.3 x Tni) and 
for the number of spikes per burst (2.9) as well as for the inter- 
spike interval (2.4 ms). These findings indicate that the excita- 
bility and the output pattern of vestibular neurones on the 
intact side have not changed postoperatively. ' 

Intracellular recordings from vestibular neurones on the 
chronically deafferented side (Fig. 1 8) showed that they receive 
predominantly excitatory inputs from vestibular commissural 
fibres as in intact animals’. The major characteristics of com- 
missurally evoked e.p.s.ps from acute and chronic animals are 
compared in Table 1. As can be seen, e.p.s.ps in both groups of 
animals had similar thresholds and latencies. In chronic frogs, 
however, the amplitude of the evoked e.p.s.ps was significantly 
larger, and generated in many more cells partial and full action 
potentials at a significantly lower stimulus intensity than in 
acutely operated or intact animals’. The rise time of the e.p.s.ps 
was also significantly shorter in chronic than in acute animals 
(Fig. 2) and varied only a little (1.5 ms) with increasing 
stimulus intensity. The duration of the e.p.s.ps varied greatly, 
but many of the ep.s.ps recorded in chronic animals with a 
shorter time-to-peak had a longer duration. In addition poly- 
synaptic components of the e.p.s.ps could prolong the falling 
phase considerably. 

The changes in e.p.s.p shape indices and spike thresholds 
were observed in chronically deafferented neurones ın spite of 
the absence of changes in threshold and bursting pattern of 
commissural input fibres. This indicates that the higher synaptic 
efficacy of the crossed excitatory input must be produced on the 
deafferented side somewhere between commussural terminals 
and postsynaptic neurones. One possible mechanism that could 
explain all of the observed changes in e.p.s.p. parameters would 
be axonal sprouting of commissural terminals resulting in the 
formation of new functional synapses on the vacated space on 
soma and proximal dendrites of vestibular neurones. As a 
result of the cable properties of dendrites’, these mixed den_ 





Table 1 Excitation of deafferented second-order vestibular neurones 








Time after lesion <12h > 60d 
Number of e.p.s.ps 75 78 
Tepsp 1.8-+0.8 1.6+0.5 
Latency* 5541.5 5.81.6 
Time to 7 12.443.2 8.643.1f 
Amplitude* 1641.1 2.140.9t 
Partial spikes in 

% of cells 49.3 87.5 
Tspke < 5X TN, 1n 

% of cells 22.1 55.1 

Tspike < 5X Thi, 34+1.0 2.6+1.1ł 

Tourst < 5X Tn; in 

% of cells 2.6 46.4 





T refers to the threshold for the evoked N,-potential on the 
stimulated side. 

*Mean values +s.d. 

+Significantly different (P < 0.01) from < 12h. 

tSignificantly different (P < 0.001) from < 12h. 


~ 
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Fig. 2 Distribution of times-to-peak of e.p.s.ps in acutely 

(a) and chronically (6) deafferented second-order vestibular 

neurones. The e.p.s.ps elicited from primary afferent fibres (cross- 

hatched bars) have a much shorter rise time than those elicited 

from commissural fibres. After chronic deafferentation the same 

commissural input induces e.p.s.ps with a significantly shorter 
rise time (b). 


dritic-somatic e.p.s.ps would be less attenuated in their rise 
times and amplitudes and, therefore, more effective in driving 
the cell. Similar changes in the shape indices of e.p.s.ps have 
been observed in other partially deafferented nuclei!® where 
sprouting was shown to occur“. Another mechanism, for 
example, increased chemosensitivity of the denervated neurones 
to a given transmitter, is unlikely since the time-to-peak of the 
response does not seem to be affected'*, Also, neither the 
ipsilateral nor the contralateral group of e.p.s.ps showed 
systematic shortening of the time-to-peak with increasing 
stimulus intensity. Changes in passive membrane properties, 
although not excluded, cannot explain all the alterations 
observed. 

The increase in excitatory synaptic efficacy of the commissural 
system may provide part of the background activation of 
chronically deafferented vestibular neurones necessary to 
counterbalance the asymmetry in the output of the two vesti- 
bular nuclei at rest. As a result of this newly acquired symmetri- 
cal output, the animals will resume their normal pose. Further- 
more, the enhanced crossed excitation will also be of use for 
dynamic postural reflexes. requiring a symmetrical output to 
somatic motoneurones. To obtain functional recovery of all 
vestibular reflexes, crossed inhibitory mechanisms must also be 
postulated’*; these will be subject of a later report. 
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Enkephalin effects on 
release of brain acetylcholine 


MorpuinE and other narcotic analgesics depress the spor 
taneous release of acetylcholine (ACh) from the rat cer 

bral cortex in vivo'”. The effect of these agents on the 
central release of ACh, like their inhibitory effects on the 
peripheral release of ACh in the guinea pig ileum, is stereo- 
specific’ and can be fully antagonised by naloxone’. It is well: 
recognised that the endogenous opiate peptides, enkepha- 
lins** and endorphins’, depress the output of ACh from the 
electrically stimulated guinea pig ileum by a specific action. 


on opiate receptors. This suggests that in the central nervous = 


system endogenous opiates may exert a significant influence 


on the release of ACh. We have examined the effects of two. 


enkephalins, methionine-enkephalin (Met-enkephalin) and 
leucine-enkephalin (Leu-enkephalin) on the cortical release 


of ACh in vivo following intraventricular injections,’ Our a 


observations show that natural enkephalins may interact 
with opiate receptors in the brain to modulate the release 
of ACh from the cholinergic neurones. 

Experiments were carried out on Sprague-Dawley rats 


(250-300 g), lightly anaesthetised with a pentobarbital- 


urethane mixture. The spontaneous release of cortical ACh, 
which occurs in the presence of neostigmine (50 ug ml"), 
and atropine (0.5 ug m!~’), was measured using the cup tech- 
nique of MacIntosh and Oborin*. Experimental details of 
this procedure in rats, and the estimation of ACh, have been 
described elsewhere’. In this study, the collection periods 
for cortical ACh release were shortened to 10 min from the 
20-30 min used in earlier tests. The samples of cortical 
fluid (0.2 ml each) were collected bilaterally and both sam-. 
ples were pooled before estimation of ACh. The peptides, in 
most experiments, were administered by intraventricular 
(i.v.t.) injection through a fine cannula placed in the lateral 
ventricle on the left side. In a few tests with Met-enkephalin, 
the intravenous (i.v.) route of administration was used. 
Naloxone was always administered by i.v. injection through 
a femoral catheter. 

Met-enkephalin (20 ug) depressed the release of ACh 
during the first 10-min collection period after a single iv.t. 
injection. Recovery of release to pre-injection levels 
occurred after about SO min. When administered intra- 
venously Met-enkephalin (2.5 mg per kg) was completely 
ineffective. In subsequent experiments effects of both Met- 
enkephalin and Leu-enkephalin on ACh release were in- 
vestigated, and in these tests naloxone was administered to 
animals during the peptide-induced response. As shown in 
Fig. la and b, both enkephalins depressed ACh release to 
the same degree and their effect was fully reversed by 
naloxone. When administered before enkephalins, naloxone 
completely blocked the inhibitory effect of enkephalins on 
ACh release (Fig. Ic and d). In previous work with mor- 
phine, both depressant and stimulant effects on central 
ACh release have been reported*:*"*. In some cases low 
doses of opiates depress central ACh release while higher 
doses enhance this release*'®. To observe if enkephalin has 
a dual action on release, effects of several doses of Met- 
enkephalin on cortical ACh release were tested. Met-enke- 
phalin produced only a dose-related inhibition of ACh 
release (Fig. 2). The inhibition produced by lower doses of- 
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Met-enkephalin was fully reversed by naloxone when it 
was injected after the peptide, but the inhibition produced 
by larger doses was only partially reversed by the antagonist 
(Fig. 2). 

Our findings show that both Met-enkephalin and Leu- 
enkephalin inhibit the spontaneous release of ACh from 
the cerebral cortex in vivo. The fact that their effect could 
be antagonised by the specific opiate antagonist naloxone 
suggests that these enkephalins are acting selectively on 
opiate receptors to influence the release of cortical ACh. 
In the guinea pig ileum’, and the opiate receptor binding 
assay“, Met-enkephalin is twice as potent as Leu-enkepha- 
lin. As only one dose (10 ug) of Leu-enkephalin was tested 
here, no definite conclusion can be drawn regarding the 
potency of action of two enkephalins on the central ACh 
release. At this dose, however, the effects of Met-enkepha- 
lin and Leu-enkephalin on ACh release were very similar 
and their action was completely blocked by naloxone. In 
previous work with opiate analgesics we have observed that 
when naloxone is administered after morphine-induced 
depression of ACh release, it produces a rebound effect on 
this release‘. The post-naloxone level of output in such 
tests greatly exceeds the pre-drug control level**. Interest- 
ingly, no rebound effect could be observed when naloxone 
was given after the enkephalin induced depression. Further- 
more, we did not observe the enhancement of ACh release 
by opiates which has been reported in certain circum- 
stances™®™?!, Further investigation is necessary to clarify the 
basis for differences between the action of opiate analgesics 
and opiate peptides. In this regard the use of more stable 
analogues of enkephalins, endorphins or agents which in- 
hibit the degradation of natural enkephalins may prove 
useful. 

Naloxone administered by itself enhances the electrically 


Fig. 1 Inhibitory effect of (a), Met-enkephalin and (b), Leu- 
enkephalin on the release of ACh from the intact rat cerebral 
cortex. The antagonism of the effect of (c) Met-enkephalin and 
(d) Leu-enkephalin by pretreatment with naloxone (Nal). 
Enkephalins were administered by intraventricular injection in a 
10 ul volume, and naloxone was given intravenously in all 
experiments. Control release represents average release of ACh 
during two collections preceding the first injection. Mean + 
s.e.m. of 3-6 experiments is shown. 
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Fig. 2 Inhibition of cortical ACh release by several doses of 
Met-enkephalin, and the reversal of this inhibition by naloxone. 
©, represents the release of ACh 10 min after intraventricular 
injection of Met-enkephalin; @, represents release of ACh 10 
min after intravenous injection of naloxone in the same animal. 
A separate group of animals was used for each dose of Met- 
enkephalin. Mean + s.e.m. of 3-4 experiments is shown. 


stimulated release of ACh from the rat cortex‘, and it has 
been suggested that this facilitatory effect of naloxone may 
be due to the antagonism of an endogenous opiate released 
by stimulation. This suggestion is strengthened by this de- 
monstration of an inhibitory action of enkephalins on ACh 
release. Other investigators have reported an inhibition of 
noradrenaline’ and dopamine” release from brain slices 
by endogenous opioid peptides. In view of these reports, 
and present findings in an in vivo model of ACh release, 
an attractive suggestion is that the enkephalins or endor- 
phins in the central nervous system may serve to modulate 
the release of neurotransmitters resulting from activity in 
the catecholaminergic and cholinergic pathways. 

This work was supported by the MRC of Canada. J.S. is 
the recipient of a research scholarship from the Addiction 
Research Foundation of Ontario. We thank Endo Lab- 
oratories for the gift of naloxone. 
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Polymerising ability of C, glial cell 
microtubule protein decays much 
faster than its colchicine-binding activity 


Because of its high degree of specificity’, the binding of 
colchicine to tubulin has become a powerful tool for the 
quantification and. subcellular localisation of the protein. 
The mechanism of the binding reaction is not yet com- 
pletely understood, but several of its characteristics are 
well documented. One of these is the decay of binding 
capacity with time, which follows the kinetics of a first- 
order reaction’ and is accentuated at elevated tempera- 
tures’. Although correlation between this rate of decay 
and the loss of other characteristic functions of tubulin, 
such as its ability to polymerise into microtubules, has not 
been directly established by experiment, carefully con- 
trolled measurements of the decay of colchicine binding 
seem to be useful for estimating the stability of the tubulin 
molecules per se. In contrast, the decay rate of the poly- 
merisability of tubulin preparations should depend not only 
on the stability of the tubulin molecules themselves but 
also on that of other factors that may be essential for 
polymerisation’™’. As part of our recently initiated*’” 
attempt to study the mechanisms regulating microtubule 
assembly in cultured cells, we report here that tubulin 
preparations from rat glial C; cells exhibit a decay rate of 
colchicine-binding activity that is quite different from the 
decay rate of polymerisability. 

Tubulin preparations purified from crude cell extracts 
by one cycle of in vitro polymerisation (with 4M glycerol) 
and depolymerisation’'’, which by SDS-gel electrophoresis 
scans contained about 70% tubulin, were used in time 
course studies of both the capacity to bind colchicine and 
the ability to polymerise. The depolymerisation was carried 
out by suspending the tubulin pellet in glycerol-free buffer, 
since the stabilising effect of this reagent on polymerisa- 
bility“ and possibly on colchicine-binding activity", might 
have obscured the results. The decay rates of colchicine- 
binding activity were determined by pre-incubation of 
sample aliquots at 37 °C for various lengths of time before 
assaying the binding of “H-colchicine'. The results of such 
an experiment, carried out with purified C; tubulin, are 
shown in Fig. |. Typically, the binding activity decayed 
in an apparent first-order manner with a half life of 
230+37 min. In the same conditions, hog brain tubulin 
(three polymerisation cycles) had a half life of 293 + 20 min. 
Purification of the C, tubulin by repeated cycles of poly- 
merisation had no effect, within experimental error, on 
the kinetics of decay. 

In other studies (G.W.. L.S.H. and R.D.C.. unpublished). 
it was found that in vitro microtubule formation from 
depolymerised C; tubulin is very similar to that of hog 
brain tubulin in that alike polymeric intermediates in the 
form of rings and planar and twisted ribbons are observed. 
The occurrence of such structures during the assembly of 
microtubules from hog brain tubulin has been studied 
extensively", The decay rate of the polymerisability of 
depolymerised C; tubulin preparations may be determined 
directly, by measuring from electron micrographs” the 
total amount of polymer, that is, ribbons and tubules, 
that formed after incubation at 37°C after various time 
intervals, following the last cold spin, at 0 °C. Monitoring 
assembly by quantitative electron microscopy has the 
advantage of allowing a distinction to be made between 
these ordered tubulin polymers and amorphous tubulin 
aggregates which affect measurements made by light 
scattering or viscometry. Throughout this study the 
incubation periods at 37°C extended beyond the time 
during which ring structures could still be observed. The 
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Fig. 1 Decay rate of colchicine-binding activity. t= 230-437 min. 
Rat glial cells (clone C,)* were grown. suspended. in Mini r 





Essential Medium (Joklik-Modified, No. F-13, Grand Island 
Biological, Grand Island, New York), supplemented with 5% 
calf serum, to a final density of approximately 1 = 10* cells mii 
and collected by centrifugation at 700g for 10 min at room tem- 


perature, Tubulin was purified from the packed cells by aly i 
modification of the Shelanski method” of in vitro polymerisation: 


(but only one cycle) as described previously*, Pellets of poly-» << 
merised tubulin were resuspended in 100 mM sodium N-morpho- 
linoethanesulphonate (MES), pH 6.4, 1.0mM EGTA, 0.5 mM 
MgCl,, and 1.0 mM GTP, and chilled on ice for 1 h for depoly- 
merisation. The suspensions were then centrifuged at 100,000g 
for | hat4 C, and the pellets discarded. Aliquots of the super- 
natants (purified tubulin) were added to mixtures that finally 
contained: 8.5 pg protein, 33mM MES, 0.33mM EGTA, 
3.7 mM MgCl,, 0.4mM GTP, and 6.7 mM sodium phosphate, 
pH 6.8, in a volume of 150 pl; and pre-incubated for various 
times at 37 `C. At the end of each pre-incubation period, 3 yl. of. 
an aqueous 0.186 mM *H-colchicine (New England Nuclear): 
solution (2.16 Ci mmol?) were added to the samples tò be 
tested for binding activity, and an additional incubation was 
carried out for | h at 37°C. Subsequently the samples were 
analysed using DEAE-Sephadex column chromatography", 
All assays were run in triplicate and the data points shown 
represent the average values. The curve was constructed by linear 
least-squares fitted to these values. The total time includes pre- 
incubation plus the | h of incubation with *H-colchicine. Protein 
was determined according to the method of Lowry et alo. 


bulk (about 90%) of the polymers formed consisted of 
tubules; the rest were ribbons. 

A plot of the assembly data of one experiment is shown 
in Fig. 2, in which the decay was measured over a period: 
of 2h. 


kinetics. Its rate seemed to be faster, however, than that 
of the former by an order of magnitude. The half life was’ 
calculated to be only 25.0+1.8 min. Addition of supple- 
mentary fresh GTP to the solutions did not affect the 
amount of polymer formed at any time. Since these data 
suggested that the decay of some factor other than tubulin > 
itself might have been responsible for the rapid decay of | 
polymerisability, we attempted to supplement C; tubulin 
preparations with microtubule-associated protein, 7 factor’, 
which has been shown to be essential for the formation of 
microtubules from preparations of hog brain tubulin, The 
addition of such hog brain factor to polymerisation 
mixtures of C; tubulin not only increased the amount of 
C: polymers formed in general, but, most interestingly, it 
induced the formation of tubules even at times after the 
polymerisability of non-supplemented tubulin had decreased 
to zero. Table I presents data obtained from such an 
experiment. Note that even after a pre-incubation of 
510 min (about 3h after the polymerisation of the tubulin 
preparation alone became undetectably low) the amount of 
polymer formed in the presence of heterologous r factor 
exceeded by 19-fold the quantity formed with compara- 
tively fresh preparations (60 min pre-incubation) in the 
absence of added factor. : 

Our results strongly suggest that the polymerisability of = 


C: tubulin preparations depends on the integrity of some: __ 


As with the decay of colchicine-binding activity, : 
the loss of polymerisability followed apparent first-order 
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Fig. 2 Decay rate of polymerisability. 4 = 25.0+1.8 min. 
Preparations of depolymerised, purified tubulin were obtained 
as described in Fig. |, except that the pellets of polymerised 
tubulin were resuspended in 25mM MES, pH 6.4, 1.0 mM 
EGTA, 0.1 mM EDTA, 0.5mM MgCl, and 1.0mM GTP. At 
the time indicated, 50-y aliquots were incubated for 15 min at 
37 °C. A standard solution of tomato bushy stunt virus (BSV) 
was then added and the mixture sprayed with 5% uranyl acetate, 
using a dual nebuliser, on to a carbon-coated collodion grid}. 
The number of BSV was counted and the lengths of the micro- 
tubules and ribbons measured in three drop patterns for each data 
point. The percentage of the protein present as polymer was then 
calculated from these data, with knowledge of the final con- 
centrations of tubulin (6.80 mg ml~!) and BSV (0.495 mg ml ~!)!*. 


endogenous factor other than tubulin itself. Alternatively, 
it is possible that tubulin could exist in multiple states with 
the polymerising capacity of a tubulin molecule decaying 
independently from the colchicine-binding ability and that 
r factor could reverse the loss of polymerising function. 
But the simpler explanation, involving only loss of a 
factor, seems more likely. The decay of this factor must 
be more rapid that that of the tubulin, since the tubulin 
could still be polymerised at a time when the activity of 
this factor was already too low to induce any polymer 
formation. The data also demonstrate that even initially 
the concentration of this factor in active form is a limiting 
element in microtubule assembly from Cs tubulin. 

The experimental conditions used for measuring the 
decay of colchicine-binding activity and that of poly- 
merisability differed from each other in several aspects, 
such as the protein concentrations of the assay mixtures, 
the temperatures of pre-incubations before the tests and 
the slightly different compositions of the buffer solutions. 
We believe, however, that the results shown in this report 
provide a conservative estimate of the divergence between 
the polymerisability and colchicine-binding decays. For 


Table 1 Influence of heterologous t factor on polymer formation 





Pre-incubation time t concentration Percentage protein 


on ice (min) (mg mi ~+) as polymer 
60 0 0.28 
330 0 <0.01 
S10 0 <0.01 
510 0.61 5.32 





A fresh preparation (see Fig. 2) of depolymerised tubulin (7.5 
mg ml~!) was incubated at 0-4 °C. At the times indicated, aliquots 
were taken and incubated for 15 min at 37 °C. The extent of polymer 
formation (percentage total protein as polymer) was then determined 
by quantitative electron microscopy as described in Fig. 2. The forma- 
tion of polymers in the presence of t factor was determined after 
mixing tubulin and t factor at a ratio of 2:1 (v/v) before incubation at 
37°C. The t factor fraction was isolated by phosphocellulose chro- 
matography? from hog brain microtubule protein that had been 
purified by three cycles of polymerisation and depolymerisation™. 
After elution from the column, the preparation was dialysed against 
30 mM ammonium acetate, pH 6.4, and 10 mM 2-mercaptoethanol, 
concentrated by vacuum dialysis against the same buffer, and then 
stored frozen. Each data point shown represents the average measure- 
ment of three drop patterns. 
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example, if we had been able to increase the protein 
concentration of the colchicine-binding assay mixture to 
the level used for measuring polymerisation, the difference 
between the two measured decay rates would have been 
even greater than it was, since the decay of colchicine- 
binding activity is known to slow down as tubulin con- 
centrations are elevated’. Similarly, the performance of 
pre-incubations at 0-4 °C (before colchicine-binding activity 
assays) instead of at 37°C, only lengthened the half-life 
of the colchicine-binding activity (ref. 4 and G.W., un- 
published). The modest levels of glycerol remaining in the 
tubulin preparations actually resulted in underestimation 
of the difference in decay rates; the concentration of 
residual glycerol was 100 times less in colchicine binding 
than during polymerisation. 

In conclusion, we have shown that with tubulin purified 
from cultured C; glial cells, the capacity for microtubule 
assembly decays at a much faster rate than the tubulin 
molecules themselves. Presumably, the decay rate of 
polymerisability expresses primarily alteration or loss of 
endogenous protein factors that co-purify with tubulin 
through repeated cycles of in vitro polymerisation and 
depolymerisation. 

We thank R, C. Williams for advice and the use of his 
laboratory; and Ms Nancy Steinhaus and Ms Carol Hensley 
for assistance. This work was supported by the NSF, the 
USPHS and the National Cancer Institute. 
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Translocation of intracellularly stored 
calcium during the contraction- 
relaxation cycle in guinea pig taenia coli 


ALTHOUGH it has been shown that, in vertebrate smooth 
muscles, cation binding sites are localised in some intra- 
cellular structures”, and that isolated microsomal fraction 
can accumulate Ca in the presence of ATP (refs 8-10), the 
role of the Ca-accumulating structures in the contraction- 
relaxation cycle is not firmly established. Using potassium 
pyroantimonate, which is known to penetrate intact cell 
membrane in the presence of osmium to produce an 
electron-opaque precipitate with intracellular cations”, 
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a Procaine-Mn 


Fig. 1 a, Record of isometric tension during the procedure 
used to determine Ca localisation in the resting fibres. Spon- 
taneous rhythmic contractions were eliminated by the addition 
of 1 mM procaine and $ mM Mn ions before the application of 
the pyroantimonate—-osmium solution (Os). b, Cross section of 
the resting fibres showing the localisation of the precipitate around 
the peripheral part of the fibre. N, nucleus. SR, sarcoplasmic 
reticulum. Unstained, scale bar 1 pm. c, High-magnification 
view around the plasma membrane. The precipitate is mostly 
located inside the external lamina (EL) of the plasma membrane. 
ICS, intercellular space. Unstained, scale bar 0.1 um. 


experiments on a molluscan smooth muscle have provided 
evidence that Ca localised in some intracellular structures is 
released into the myoplasm during mechanical activity'*™. 
We have used this method to investigate the role of the 
intracellular Ca-accumulating structures in the contraction- 
relaxation cycle of guinea pig taenia coli. When guinea pig 
taenia coli was fixed at rest the electron-opaque precipitate 
containing Ca was observed at or near the plasma mem- 
brane. If the fixation was made at the peak of mechanical 
activity, the precipitate was diffusely distributed in the 
myoplasm. 

Pieces of taeni coli (5-10 mm long) were mounted hori- 
zontally in an experimental chamber (3 ml) filled with 
oxygenated Krebs solution at 37 °C; one end of the prepara- 
tion was clamped and the other end connected to a strain 
gauge to record isometric tension. After each experiment 
the preparation was fixed by replacing the experimental 
solution with 1% OsO, solution (adjusted to pH 7.4 with 
0.01 M acetic acid) containing 2.5% potassium pyroanti- 
monate (K[Sb(OH)]), dehydrated with ethanol, and em- 
bedded in Epon 812. Sections with gold colour were 
examined with a Hitachi HU-12 electron microscope. 

The localisation of Ca-accumulating structures in the 
resting muscle fibres was examined in the following way. 
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The preparation was first kept in Krebs solution for more 
than 20 min, and immersed in isotonic KCI solution con- 
taining 2.5mM potassium pyroantimonate for 10min to 
introduce the pyroantimonate into the fibres during mem- 
brane depolarisation (it did not readily penetrate polarised 
resting membrane). The preparation was then returned to 
Krebs solution, and after 5-10 min procaine (2mM) and 
Mn ions (5 mM) were added to eliminate spontaneous mech- 
anical activity (Fig. la); the preparation was fixed with the 
pyroantimonate—osmium solution with no detectable tension 
development. 

Figure 1b shows the cross section of the resting fibres 
fixed by the above method. It can be seen that particles of 
electron-opaque precipitate are mostly located around the 
peripheral part of the fibre. Examination of the plasma 
membrane with higher magnifications (Fig. 1c) indicates 
that a large amount of precipitate is located inside the 
external lamina of the plasma membrane (probably at the 
inner surface of the plasma membrane and at the sarco- 
plasmic reticulum). The precipitate was also observed at the 
nucleus. Similar localisation of calcium oxalate deposits 
has been reported in guinea pig taenia coli fixed after treat- 
ment with potassium oxalate‘. 

In other experiments the preparation was made to con- 
tract with acetylcholine (107° M) and fixed at the peak of 
resulting contracture tension (Fig. 2a). The fall of tension 
at the completion of fixation was 20-30%. As shown in 
Fig. 2b, the precipitate was diffusely distributed in the myo- 
plasm in the form of a number of particles, while little 
precipitate was seen at the periphery of the fibre. The 
amount of precipitate at the nucleus apparently remained 
unchanged. Similar results were obtained in the fibres fixed 
at the peak of spontaneous contractions. 

For chemical identification of the precipitate, the sections 


Fig. 2 a, Record of contracture tension induced by 10-°M 

acetylcholine (ACh), and its decline after 30 min in the pyro- 

antimonate-osmium solution (Os). b, Cross section of the fibres 

fixed at the peak of the contracture tension. The precipitate is 

diffusely distributed in the myoplasm in the form of a number of 

particles, while it is hardly observable around the peripheral 
part of the fibre. Unstained, scale bar 1 jum. 


Ach 
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Fig. 3 X-ray spectrograph of the precipitate. The peak at 
3,620 eV (arrow) is regarded as a combined spectrum of Sb-Le 
and Ca-K,q lines. Thick vertical line indicates the standard 


peak of Sb-La line (3,600 eV). 


were analysed with an energy dispersive X-ray microanalyser 
(EDAX-707A) attached to a Hitachi HHS-2R electron 
microscope (accelerating voltage 25 kV, counting time 
400s). The X-ray spectrograph of the precipitate in both 
the resting and the contracted fibres showed a distinct peak 
at 3,620 eV (Fig. 3). Model tests with Ca and antimonate” 
suggest that this spectrum results from the combination of 
Sb L-line (3,600 eV) with Ca K-line (3,690 eV). This indi- 
cated the presence of calcium pyroantimonate in the pre- 
cipitate. Quantitative analysis of the precipitate was further 
made with another energy dispersive X-ray microanalyser 
(EDAX-707B) attached to a JEOL JEM-100C electron 
microscope together with a computerised EDIT system 
(accelerating voltage 40 kV, counting time 400s). As shown 
in Table 1, the result again showed the presence of Ca in 
the precipitate in both the resting and the contracted fibres, 
though its concentration ratio was smaller than those of 
K and Na. The presence of Mg was not detected. But, 
considering that the amount of Ca ions involved in the 
activation of the contractile system is far smaller than 
those of K and Na ions in the myoplasm"™, the values of 
concentration ratio of Ca in the precipitate may be taken 
to indicate that the precipitate serves as a measure of Ca 
localisation 

In conclusion, the translocation of the precipitate con- 
taining Ca from the peripheral intracellular structures into 
the myoplasm during mechanical activity seems to be 
consistent with the view that. in guinea pig taenia coli, 
the contraction-relaxation cycle is regulated by the release 
of Ca from, and its uptake by, the intracellular Ca-accumu- 
lating structures. 

We thank Dr Suechika Suzuki and Miss Yoko Narikawa 





Table 1 Quantitative analysis of elemental concentration ratios 
in the precipitate 








Mean ratios 


Element Line Resting fibres Contracted fibres 
Sb Le 1.00 1.00 
Ca Ka 0.19 +0.07 0.12 +0.05 
K Ku 0.36 +0.12 0.57 +0.06 
Na Ka 0.23 +0.10 0.35+40.12 





Values are means s.e.m. Data for resting fibres from seven 
specimens, for contracted fibres from five specimens. 
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Tumour-specific transplantation antigen 
from SV40 transformed cells binds to DNA 


MucH work is being directed towards the characterisation of 
tumour-specific transplantation antigens (TSTA). AL/N 
strain mouse embryo cells transformed by SV40 virus (SV 
AL/N cells) are suitable for such studies, because (1) these 
cells are highly antigenic and are rejected at high dose 
(> 10°) by the immunologically competent syngeneic AL/N 
mouse’’*, (2) TSTA is common to all SV40 virus-transformed 
cells tested but specific in that only SV40 transformed cells 
share a common TSTA’, and (3), the SV40 ‘early’ or A 
gene is relatively small (~1.810° molecular weight), its 
mapping and the nucleotide sequences of the restriction 
endonuclease fragments are under intense study, and the 
various cellularantigens in the transformed cells—the TSTA, 
the tumour-specific surface antigen (TSSA) (ref. 4), and the 
nuclear T antigen—probably represent modifications of 
products of this early gene’™*. Using SV AL/N cells and a 
detergent technique* for solubilisation, we demonstrated 
that immunisation by a partially purified soluble extract 
containing 100g protein effectively protects mice against 
tumourigenic doses of SV40 transformed cells’. We report 
here that TSTA activity co-purifies with the T antigen in 
several steps, that TSTA can be recovered from a DNA 
column in a fraction which then effectively immunises at the 
l-ug level, and that the TSTA, like the T antigen'’, binds to 
double-stranded mammalian DNA 

Nuclear preparations from an SV40 transformed human 
cell line are rich in TSTA activity’. Accordingly, fractions 
from murine SV AL/N cells enriched in nuclei and also 
containing the cytoplasmic membranes were sonicated and 
solubilised by the detergent technique. Details are given in 
Table 1. Antigen enrichment was by precipitation with 
(NH,):SO,; followed by DEAE-cellulose chromatography'' 
A large amount of the T-antigen activity of the whole extract 
was recovered in the (NH,)SO, precipitate (84%), and in a 
fraction which eluted at about 0.15M NaCl from the 
DEAE column (40% of input; Table 1 and Fig. 1). This 
pooled fraction was enriched in TSTA activity: it gave 
significant (~75%,) and specific protection at the 4-ug level, 
and full protection at the 20-ug level (Table 2) 

The pooled DEAE fractions were then chromatographed 
on a DNA-cellulose column", About 70% of the T-antigen 
activity was recovered in a sharp peak (pool III, Fig. 2), 
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Table 1 Distribution and recovery of T-antigen activity 





CF units Protein Specific activity 


(x10) (mg) (CF units mg!) 
x 10 
Whole extract 310 82 37.5 
0-50% (NH,),SO, precipitate 255 60 42 
DEAE column input 235 
pool recovery 95 12 50 
DNA column input 59 
pool HI recovery | 42 3 140 





Subconfluent SV40 transformed AL/N murine embryo cells (SV 
AL/N line) were grown as before’, the cells were collected by scraping, 
and washed three. times with Tris-buffered saline, pH 7.4. To the 
washed cells was added three times the pellet volume of ice-cold 
buffer containing 10 mM NaCl, 10 mM Tris-HCl, pH 7.8, 1.5 mM 
MgCl, I mM dithiothreitol (DTT), 100 uM L-1-tosylamide-2-phenyl- 
ethylchloromethy] ketone (TPCK) and 100 pM phenylmethyl- 
sulphonylfluoride (PMSF) (buffer 1). The suspension was homo- 
genised by four strokes on a Dounce homogeniser, and centrifuged 
at 700g for 10 min. The pellet, containing mainly nuclei and cyto- 
plasmic membranes, was suspended in three times its volume of 
buffer I, given four strokes on a Dounce homogeniser and centrifuged 
again at 700g for 10 min. The pellet was resuspended in buffer H 
containing 0.02M Tris-HCl, pH 8.2, 0.08M NaCl, ImM DTT, 10% 
glycerol, 0.001° Triton X-100, 100 uM each TPCK and PMSF", 
The suspension was sonicated for | min and centrifuged at 27,000g 
for 1 h. The pellet was resuspended in the same volume of buffer I, 
homogenised and centrifuged as before. The two supernatants 
were combined, designated as whole extract, and precipitated with 
ammonium sulphate to a final concentration of 50%. Further frac- 
tionation was achieved on a DEAE-cellulose column as in Fig. 1, 
followed by a DNA-cellulose column as in Fig. 2. T antigen was 
measured by standard microtitre complement fixation assay, and 
units were calculated as in ref. 6. Anti-T antiserum was provided by 
Dr J. Gruber (NCI). Protein was determined by the Lowry technique". 
Values are in complement-fixing (CF) units. 


with about threefold increase in specific activity (Table 1). 

When the pooled fractions from the DNA-cellulose 
column were tested for TSTA, only those fractions which 
bound to calf thymus DNA had this activity. More than 
50% protection was provided against 10-100-fold tumour- 
igenic doses of mKSA-ASC tumour cell challenge by 1 ag, 
and full protection of 5 ug, of pool HH material. Pooled 
fractions I and II, which did not bind to DNA and had no 
T antigen activity, were found to be inactive in the TSTA 
test at 40-60-yg level. The pooled fraction IV, which bound 
to the DNA column, had significant TSTA activity at the 
10-ug level (Table 2). 

It is significant that the T antigen and TSTA from SV40 
transformed AL/N cells co-purify through ammonium 


Fig. 1 Elution of T antigen from DEAE-cellulose column. The 
0-50% ammonium sulphate precipitate (see legend to Table 1) 
was dialysed against buffer IH containing 0.05M Tris-HCl pH 
7.8, 1 mM DTT, 100 pM each TPCK and PMSF, and 10% gly- 
cerol, The dialysed material was chromatographed on a DEAE- 
cellulose (DE-52, Whatman) column (8 x 2cm), eluted by a gra- 
dient of 0-0.4M NaCl in buffer IH, as reported previously". 
The CF titre recovered is the reciprocal of the dilution of a 25-pl 
aliquot which fixes 50% of the complement®. The peak of T-anti- 
gen activity eluted at 0.15 M NaCl, as observed before!!8, The 
fractions designated by the horizontal bar were pooled, and 
used for the DNA column fractionation (Fig. 2). 
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Fig. 2 Elution of T antigen from DNA-cellulose column. The 
pooled fractions from the DEAE-cellulose column (Fig. 1), were 
dialysed against 5 mM potassium phosphate buffer, pH 6.2, 
containing 0.1 M NaCl, ImM DTT, 100 uM each TPCK and 
PMSF, and 10% glycerol. A double-stranded DNA~cellulose 
column (12x1 cm) was made from Sigma calf thymus DNA as 
before’. The potassium phosphate buffer was replaced, when 
fraction number 22 eluted, with buffer IV containing 10 mM Tris- 
HCl, pH 8.0, 0.6 M NaCl, | mM DTT, 100 uM each TPCK 
and PMSF, and 10%, glycerol, to elute T-antigen activity. Frac- 
tions were analysed for A, T antigen (CF) and @, absorbance 
(280 nm), and pooled as defined by the horizontal bars, for TSTA 
determination (see Table 2). 


sulphate precipitation, DEAE- and DNA~cellulose column 
chromatography, and that both T and TSTA specific activi- 
ties were enriched through the binding to the DNA. 

By studying temperature sensitive SV40 mutant viruses 
defective in the early A region (the tsA mutants)", it was 
found that the expression of T and TSTA is modulated 
coordinately*'*""*. Adeno-SV40 hybrid viruses with SV40 T 
and/or TSTA antigen activity induce proteins with 
apparently overlapping regions in their polypeptide 





Table 2 TSTA activity 


Immunisation Dosage Tumour cells Tumours/total 
with (ug protein) for challenge inoculated P values 
Buffer I 104 mKSA-ASC 10/10 
10* Meth-1-A 6/10 
Whole extract 4 10* mKSA-ASC 5/1 
20 104 mKSA-ASC 3/7 <0.015 
100 10t mKSA-ASC 1/7 < 0.003 
20 10* Meth-1-A 5/10 
DEAE pool 1 10 mKSA-ASC 7/8 
4 10t mKSA-ASC 2/8 < 0.002 
20 10t mKSA-ASC 0/8 < 0,002 
Buffer IV 15/15 
DNA pool I 3 10* mKSA-ASC 7/1 
15 104 mKSA-ASC 8/8 
60 10‘ mKSA-ASC 8/8 
DNA pool IT 10 10? mKSA-ASC 8/8 
40 104 mKSA-ASC 7/8 
DNA pool Ill l 10! mKSA-ASC 3/7 < 0,005 
5 10° mKSA-ASC 0/8 < 0.002 
25 10? mKSA-ASC 0/8 < 0,002 
DNA pool IV 0.2 104 mKSA-ASC 8/8 
2 10? mKSA-ASC 7/8 
10 104 mKSA-ASC 2/8 < 0.002 


Adult BALB/c mice were injected intraperitoneally (i.p.) twice 
with the indicated dose of protein at a 1-week interval. Ten days after 
the second injection the mice were challenged i.p. with the indicated 
number of the SV40 transformed BALB/c mKSA-ASC cells!*-1* 
(provided by Dr L. W. Law), or intramuscularly with the methylcho- 
lantrane transformed Meth-!-A BALB/c cells which carry their own 
TSTA®, for specificity control”, The TDs, of the mKSA-ASC celf? 
is 107-109, the TDs of the Meth-1-A is about 10! cells. Evidence of 
ascites tumour appeared by about 2 weeks in control mice, with a 
mean time to death of 20 d after challenge. Inoculated mice were 
followed for 5 weeks. The differences in the P values*’ between 
immunised and non-immunised groups are significant where given. 
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sequences’, Nuclear fractions from SV40 transformed 
human cells are enriched in T antigen and also in TSTA’ 
Our findings give independent confirmation of the sug- 
gested homology between T antigen and TSTA, two of the 
biologically important products of the early SV40 gene in 
SV40 transformation. Furthermore, the binding of TSTA 
to double-stranded mammalian DNA opens the possibility 
of molecular study of the paradoxical dual role of this 
protein ; first as a tumour rejection antigen in vivo, and 
second as a candidate regulatory protein for the growth of 
cells in tissue culture. 
CHUNGMING CHANG 
SAMUEL W LUBORSKY 
PETER T. MORA 
National Cancer Institute, 
National Institutes of Health, 
Bethesda, Maryland 20014 
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Productive T7 infection 
of Escherichia coli 
F* cells and anucleate minicells 


Tue development of colivirus T7 ıs largely independent of 
host cell functions and dependent on T7-encoded enzymes, 
for example, T7 RNA polymerase, DNA replication en- 
zymes, and lysozyme’. In view of this relative indepen- 
dence, the failure to propagate in Escherichia coli cells 
carrying an F factor’ or in anucleate muinicells® is partı- 
cularly interesting with respect to a molecular understanding 
of host-virus interaction We report here that T7 can, ata 
low frequency, productively infect both F* cells and mini- 
cells derived from either an Ft or an F` E. coli culture. The 
percentage of T7 permissive cells within an Ft population 1s 
dependent on the growth conditions of the culture but does 
not seem to be directly related to a specific phase of the cell 
cycle 

T7 produces approximately 10,000 times more plaques 
when plated on an F lawn of E coli cells compared with 
F* lawns The plaques produced on an F* lawn are irregular 
in size and do not contain selected mutant or host-cell- 
modified phage, as phages isolated from these plaques have 
no increased ability to grow on lawns of F* cells. All 
attempts to isolate mutants of T7 capable of plating on F* 
and F cells at the same efficiency, have so far failed. 
Although previous results suggest a role for a T7 early 
product in the exclusion of T7 by F* cells*, we have observed 
exclusion of T7 deletion mutants lacking all early functions 
Thus, it seems likely that the ‘non-permissiveness’ cannot be 
overcome by mutations in T7. This led us to examine factors 
related to the F* E col: cell which determine the ‘non- 
permissiveness’, 
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After quantitation, we found that 2-50% of an F* cell 
population could propagate T7, depending on growth con- 
ditions (Fig la) F* cells were grown in various media, in- 
fected with T7, and the infected cells plated with F- 
indicator bacteria. A culture grown in rich medium con- 
tained the highest number of T7 permissive cells Culture 
conditions therefore influence strongly the fate of T7 in 
F* cells, by altering the ratio of permissive and non- 
permussive cells. The permissive F* cells release a burst of 
T7 comparable in size with that released from F” cells (Fig. 
1b), indicating that once an F* cell is committed to permis- 
siveness the subsequent T7 development is normal. 

In the same F* cell culture, there seem to be two types of 
cells. This heterogeneity could not result from segregation 
of the F factor as identical results were obtained when 
growth was dependent on; the presence of the F factor As 
explanations for the heterogeneity we will consider the 
following possibilities: (1) productive infection occurs in 
cells which lose the plasmid during infection, for example, 
infection of cells in the process of cell division; (2) the 
permissive cells retain the plasmid but pass through a T7 
permissive phase during the cell cycle; (3) each cell at any 
stage of the cell cycle can be infected either productively 
or abortively, ‘depending on a statistical event during the 
infection process. 

The observation that the growth rate of a culture of Ft 
cells altered the percentage of T7 permissive cells, suggested 
that the heterogeneity within the population for T7 per- 
missiveness may reflect a stage within the E coli life cycle. 
We have attempted to demonstrate an increase in the num- 
ber of productively infected cells at some stage ın the -cell 
cycle by infecting E. colt F* cells synchronised by a variety 
of techniques (that is, thymine and amino acid starvation, 
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Fig.1 Detection of T7 permissive F+ cells. a, E. col: 803 F- and 
803 Ft (ref. 6) were grown ın various media and, at a cell density 
of 5x 10° mi~, infected with T7 am 193*K?* (ref. 6) at a multi- 
plicity of infection of 10 (30 °C). After 5 min, T7 antiserum was 
added and allowed to act for 3 min Then the p.f.u s were deter- 
mined by plating aliquots with E col: 803 F- indicator bacteria. 
The p.f u s indicate T7 permussive cells. The p.f.u.s obtained with 
803 F*+ were plotted as a percentage of the total cell count 
against generation time of the bacteria. Total cell count was equal 
to the number of p f.u obtained in the F~ culture. Generation 
time varied with the culture conditions: tryptone-yeast broth, 
40 min, M9 0.4% glucose supplemented with casamino acids, 
thymine, and thiamine?', 50 min; M9 0 4% glucose supplemented 
with 0 03 % casamino acids, 75-85 min, M 90 4% glucose, 130 min 
and M9 0 4% succinate, 170 min b, One-step growth curves of 
T7 development in E. col: F- and F+. As tn a, 803 F- and Ft 
were grown in tryptone-yeast medium and infected, at a density 
of 5x 108 mi~, with T7 am 193+K+ After 5 min, T7 antiserum 
was added and, at 8 min, the culture was diluted !-10' to dilute 
out the antibodies pfus were determined at various times 
thereafter, by plating on 803 F- bacteria. 
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Fig. 2 T7 gene expression in anucleate minicells derived from F~ and F* strains. The minicell producing strain %925 (ref. 15) and an 


isogenic F* derivative were grown in L broth to Agoo 


cribed previously“. a, “C-uridine incorporation. Minicells (2 x 10° 


0.8. Minicells were separated from nucleated parental cells as des- 
ml =!) were infected with T7 at 0 °C in M9 glucose minimal medium 


containing 10 pg ml ~ threonine and 10 ug m} ~ leucine (multiplicity of infection = 20), 2-"C-uridine (0.11 Ci ml ~', 59 mCi mmol ~!) was 
added and the suspensions were placed at 30 °C. Samples (100 ul) were taken at various times, mixed with 100 ul lysozyme solution (2 mg 
lysozyme per ml TES, that is, 0.05 M Tris-HCl, pH 7.6, 0.1 M NaCl, 0.05 M EDTA) and rapidly frozen by immersion of the tubes in liquid 
nitrogen. When all samples had been taken they were simultaneously placed at 37 °C for 2 min; 20 ul of 2% sarkosy! in TES was added 
followed by 2 ml ice-cold 5% TCA. Cold TCA-precipitable material in each sample was measured as described previously'®. @, F- mini- 


cells, infected; 


_ uninfected: A, F* minicells, infected; A, uninfected. b, Protein synthesis. Minicells were resuspended in M9 glucose 


minimal medium containing 10 pg ml ~ threonine and 10 pg mi~ leucine and were infected with either T7 am 193*K*® or T7 am H280 
(T7 RNA polymerase ~, protein kinase~) at a multiplicity of infection of 10. At various times (as indicated), ''C-amino acids were added 
(25 Ci ml ~). After a further 20 min of incubation, the infected minicells were removed from the radioactive medium by centrifugation, 
and dissolved in sample buffer for polyacrylamide gel electrophoresis. Autoradiograms of 10-20% gradient gels are shown. This figure, in 
addition to the information discussed in the text, covers two aspects. (1) The expression of stable mRNA in minicells'® can be detected. 
After infection with T7, the expression of this mRNA is stopped, indicating translational control’, (2) A comparison between products 
made from stable mRNA in the minicells derived from F~ and F* cells, reveals one major difference. One additional peptide of molecular 
weight of about 25,000 is synthesised in the F* minicells. Thus, the sex factor also seems to code for an extremely stable messenger. 


use of dna “ts mutants, successive fractionation of progeny 
cells, and fractionation of cells according to size). We have 
so far been unable to demonstrate any relationship between 
the division cycle of E. coli and productive T7 infection. 
The possibility still exists that the techniques used for syn- 
chronising cell division, did not synchronise the event res- 
ponsible for T7 permissiveness (for example, the state of F 
factor replication). Although negative, these results argue 
against our first two suggestions for T7 permissiveness of 
F* cells. 

Inhomogeneity in each cell may be mediated by the cell 
envelope. Inhomogeneities of the cellular surface with 
respect to newly synthesised areas have, for example, been 
found using phage receptors as probes’*. The role of the 
membrane in the abortive infection of F* cells by T7 has 
indeed been documented"*~'', and we know from earlier 
experiments that no soluble factor can be responsible for 
the exclusion’. We hypothesise, therefore, that the mem- 
brane carries ‘permissive’ and ‘non-permissive’ entry sites 
for T7. Depending on the growth conditions, the episome 
influences the ratio of the two sites. From this hypothesis 
we expect that after loss of the episomal DNA, cells would 
regain up to 100% T7 permissiveness, dependent on growth 
of the cell envelope, but would retain the ability to exclude 


T7 if no growth occurred, These two conditions were tested 
using E. coli carrying the temperature-sensitive Frun lac 
episome and using minicells derived from F* parent cells. 

After shift of an E. coli Fy. lac culture from 30°C to 
42°C, F replication stops and the F DNA is diluted out 
with cell division. The re-appearance of T7 permissiveness 
followed the segregation kinetics with a brief lag period 
(not shown). These data would be consistent with the 
assumption of a continuous regeneration of permissive 
membrane sites. 

Conditions in which the cellular surface is not significantly 
altered after loss of DNA, are found with anucleate mini- 
cells. We therefore constructed isogenic F* and F` strains 
of an E. coli mutant which produces anucleate minicells. 
The minicells formed do not contain chromosomal or 
episomal DNA. After infection of minicells from the F- 
strain, uridine was rapidly polymerised into a TCA-precipi- 
table form (RNA), whereas the infected F* minicells syn- 
thesised very much less RNA (Fig. 2a). The uninfected Ft 
and F` minicells did not produce significant amounts of 
TCA-precipitable material. This difference in the patterns of 
RNA synthesis is very reminiscent of the difference observed 
in nucleated cells™'. The initial rate of synthesis is similar 
between F~ and F* nucleated cells whereas at later times the 


Nature. Vol. 269 29 September 1977 








442 
Table 1 T7 development and recombination in Æ. coli minicells 

Expt Minicells Mating Plaque-forming units (p.f.u.) mi~? resulting from p.f.u. resulting from minicells Viable 
(mi~) type of - infection of minicells by: coincidently singly infected cell count 

parental Wis T7 ET T7 infected by T7 mutants (mi!) 

cells gene 11> gene 177 gene l- by pairs of and subsequently 
T7 mutants mixed 

1 2™ 10” F~ 8x10 < 10° 2 x 103 ~ 3.3 x 108 1.8 « 10° } x 10? 

2 I x 10° F> 4x 108 < 10° — < 10° 2« 103 — 1 x 105 

i « 10° Ft 5 x 108 < 10° — < 10? 3 x 108 — I x 108 





Before infection, minicells were (expt 1) or were not (expt 2) pre-incubated in L broth containing 20 pg cycloserine ml~!, at 37 °C for I h. 
The multiplicity of infection was 10 (expt 1) or 5 (expt 2). After 5 min at 37 “C, T7 antiserum was added. At 7 min, the infective centres (p.f.u.) 
were determined by plating with Bs, (B strain, su~} as indicator bacteria. The following viral mutants were used?": T7 am 37 (gene 11 -);T7 am 
145 (gene 17>) and T7 am 27 (gene I~). To confirm that recombination had occurred within the minicells, we mixed singly infected minicells 
after the antiserum treatment and plated for infective centres after additional 5 min of incubation. A 50-fold increase in the parental cell count 


(by addition) did not change the number of infective centres obtained. 


synthesis of RNA in the F' cell terminates because of the 
general shut-down of macromolecular syntheses*'’’. 

An unequivocal comparison of specific viral gene products 
was performed at the level of protein synthesis. Whereas 
infected F` minicells synthesised all early and late T7 
proteins, F* minicells produced only the early proteins. 
again in parallel with the process in nucleated cells (Fig. 
26). Both late genes transcribed by the viral RNA poly- 
merase and late genes transcribed by the host RNA poly- 
merase (as in the polymerase-protein kinase double mutant 
H280), were affected. At later times, early protein synthesis 
in F* minicells was also decreased as in whole cells. From 
these experiments we conclude that minicells are efficiently 
infected with T7 and that they produce T7 products in the 
same order of magnitude as do nucleated cells. This pro- 
vided evidence for the existence of sufficient host cell RNA 
polymerase in the minicells to permit transcription of in- 
fecting phage genomes as has been described previously 
for phage infection of minicells produced by Bacillus sub- 
tilis’, The time course of synthesis is, however. expanded 
by a factor of 5-10 (Fig. 2b). Thus, in minicells a factor 
must be rate-limiting which is not limiting in nucleated 
cells. In addition, infection of minicells with T7 carrying a 
known amber mutation led to the loss of the affected pro- 
tein and production of the corresponding amber fragment 
(Fig. 24), indicating that recognition of nonsense codons 
occurs normally in minicells. 

To determine whether the F* minicells were hetero- 
geneous and contained a fraction of permissive cells, we 
examined the development of virus particles in F` and F* 
minicells. Although only little DNA replication was detect- 
able by thymidine incorporation (not shown), a low but 
significant and reproducible number of F` minicells released 
virus particles (0.1%). Among the infected F* minicells 
(grown in rich medium), a fraction of about 0.01% pro- 
pagated T7. This is similar to the situation in nucleated cells 
in which a fraction of the cells is also T7 permissive (Fig. 
la and b). 

We were unable to demonstrate a one step growth curve 
with minicells and would suggest that this is due to a 
very asynchronous release of a small number of progeny 
phage. Because of the inherent problems in demonstrating 
that only one out of 1,000 or 10,000 infected minicells 
produced phage, the results were confirmed by recombina- 
tion experiments (Table 1). A significant number of recom- 
binant virus was detected after doubly infecting F` and 
F* minicells with T7 amber mutants. 

In conclusion. we believe that the results reported here 
indicate that T7 development in F* cells is abortive or 
permissive. dependent on the growth conditions of the 
E. coli cell culture. The decision as to successful or abortive 
infection is made at the time of infection and contained 
within the existing structure of the cell as minicells which 


do not contain genetic information show the same pro- 
perties as do whole cells. 
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Ratios of a-to B-globin mRNA 
and regulation of 
globin synthesis in reticulocytes 


THe genomes of several mammalian species contain at least 
two a globin loci and a single B globin locus so that the 
ratio of a- to B-globin genes is 2: | or more’™*. Despite this 
difference in number of genes, reticulocytes from these 
species synthesise equal numbers of a- and f-globin chains 
indicating that compensatory regulation must occur. 
Cytoplasmic mRNA is an intermediate between the gene 
and globin protein, and it has been suggested that the 
cellular a/B mRNA ratio is an important factor in achiev- 
ing balanced globin synthesist*. We report here an excess 
of 30% @ mRNA on reticulocyte polysomes of rabbits, 
mice, and sheep. Our data also illustrate the potential for 
errors in studies in which only poly(A)* RNA is assayed. 

Using inhibitors of polypeptide elongation in rabbit 
reticulocytes. Lodish has demonstrated that @ mRNA 
initiates polypeptide synthesis 40% faster than a mRNA; 
and since the rate of elongation of the two globin poly- 
peptides is equal, he inferred that a 40% excess of a mRNA 
on polysomes is required to achieve balanced globin 
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synthesis’. Others have inferred a functional a/B RNA 
ratio of 1.3: 1.8 in rabbits’. 

Attempts to measure directly the molar ratio of a to B 
mRNA in reticulocytes have led to conflicting results. 
Formamide gel electrophoresis of poly(A)” RNA obtained 
by oligo(dT)-cellulose chromatography has yielded @ to B 
mRNA ratios as low as I and as high as 1.6 (refs 7-12). 
Recently single determinations using hybridisation with 
cDNA probes of 85% specificity have given a/B RNA 
ratios of 1.1 and 1.5 in total RNA of mouse and poly(A)* 
RNA of human reticulocytes”. 

Globin mRNAs. of rabbit, mouse and sheep were separ- 
ated by formamide gel electrophoresis’. Although these 
mRNA temiplates seemed 80-90% pure by gel analysis 
after a single electrophoretic step, cDNAs made from these 
templates were 20-40%, cross-contaminated by hybridis- 
ation analysis. This cross-contamination is presumably due 
to incomplete separation of the two mRNAs caused by 
heterogeneity in the poly(A) content of each. To improve 
mRNA separation, and thus the specificity of the cDNAs, 
we subjected each globin mRNA to two electrophoretic 
procedures (Fig. 1). The a and 8 cDNAs made from these 
purified templates were then hybridised to increasing con- 
centrations of mRNAs (Fig. 2). The percentage specificity 
of a cDNA was calculated by subtracting from ! the ratio 
of the amount of homologous to heterologous mRNA 
needed to half-saturate that probe and multiplying the 
answer by 100 (refs 12, 13). Heterologous and homologous 





Fig. 1 Separation of a and B globin mRNAs by polyacrylamide 
gel electrophoresis in formamide, Total cellular RNA and poly- 
somal RNA of reticulocytes were isolated?!:?? and separated 
into poly(A)* and poly(A)~ fractions by oligo(dT)-cellulose 
chromatography?*. Poly(A)~ fractions were chromatographed 
three or four times to remove traces of poly(A)* RNA. Poly(A)* 
RNA was subjected to electrophoresis on 5% polyacrylamide 
cylindrical gels in 98% formamide-20 mM Na barbital and 
20 mM NaC! at 3.5 mA per gel at 24°C for 2-3 h’!*. Globin 
mRNAs. were located by scanning unstained gels at 260 nm and 
gel pieces containing the a and B mRNAs were excised and in- 
corporated with the same polarity into separate 7% polyacryla- 
mide gels. After a second electrophoresis at 3.5 mA per gel for 
3-4.5 h at 24°C, the mRNAs were again located by ultraviolet 
scanning and the pertinent gel fractions were excised. In some 
experiments, RNA was eluted electrophoretically into dialysis 
bags’. The eluate was extracted with phenol, centrifuged to re- 
move gel particles, re-extracted twice with chloroform and made 
70% in ethanol to precipitate the mRNA. In recent experiments 
a different procedure which resulted in a twofold increase in 
yield was used. The gel pieces were driven through a 25-gauge 
needle with 2-3 volumes of 7 M urea, 0.35 M NaCl, 10 mM Tris- 
HCI (pH 8.0), | mM EDTA, and 2% SDS. The resulting sus- 
pension was agitated at 45 °C for 2 h, underlayered with 60% 
glycerol, and centrifuged to remove gel pieces. After the aqueous 
layer was extracted twice with phenol and twice with chloroform, 
_ the RNA was precipitated with ethanol and purified by oligo(dT)- 
= eellulose chromatography. (J. Ross, personal communication). a, 
= Poly(A)* RNA of C57 BI/6J mouse reticulocytes. After the 5% 
gel electrophoresis (left), each mRNA was excised and rerun ina 
7° gel (right). mRNAs were excised as indicated by the vertical 
lines. b, Reticulocyte poly(A)* RNA of sheep homozygous for B® 
globin after 5°% gel electrophoresis. 
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Fig. 2 Hybridisation of a and B 93H cDNAs with purified a and B 
mRNA templates. "H-cDNAs were synthesised as reported 
except the 100-1! reaction mixture contained 100 pg ml ~? actino- 
mycin D, 400 uM each of dATP, dTTP, dCTP, and 100 M 
3H-dGTP (10 Ci mmol~!); 1-2 pg RNA template, 0.125 pg 
oligo(dT) per pg mRNA, and 300 units per ml AMV reverse 
transcriptase (from NCI). After incubation at 37 °C for 1 h, 50 
ug tRNA was added, the mixture extracted with phenol, and 
cDNA was precipitated with ethanol. a and B cDNAs were treated 
for 24 h at 37 °C in 0.3 ml of 0.3 M NaOH, neutralised with 0.5 
M HCI, applied to hydroxylapatite in 0.05 M Na phosphate buf- 
fer (pH 6.8) at 60 °C, and eluted in 0.14 M Na phosphate buffer 
(pH 6.8). The cDNAs (5—10S) were further purified by centrifuga- 
tion in 10%-30% sucrose gradients (0.1 M NaCl; 10 mM Tris- 
HCI, pH 7.4; 1 mM EDTA; 0.5 %sodium dodecyl sulphate (SDS)) 
at 94,000g and 24 °C for 20 h and then precipitated with ethanol. 
Hybridisations of 7H-cDNA to RNA were performed in sealed 
siliconised capillary tubes using a buffer containing 0.3 M NaCl, 
30 mM Tris-HCI (pH 7), 2 mM EDTA, 0.1% SDS, and 40 pg 
perml Escherichia coli tRNA. Varying amounts of sample RNA 
and a constant amount of cDNA (500 c.p.m.) were diluted to 
18 ul, heated to 100 °C for 90 s, and then incubated 16-18 h at 
68-70 °C. One-half of each sample was digested with S, nuclease, 
and the other half was an undigested control”. Both samples 
were then precipitated with 7.5% trichloroacetic acid on to S&S 
nitrocellulose filters. The filters were dissolved with 0.5 M HCl 
at 100 °C followed by ethyl acetate at 24 °C, and Hydromix was 
added before counting. Half of the difference in hybridisation 
between zero and saturating RNA inputs is defined as half- 
hybridisation. Specificity was calculated as described in the text. 
a, Rabbit a cDNA = 94%; b, rabbit B cDNA = 94%; c, mouse 
a cDNA = 97%; d, mouse B cDNA = 94%; O, a mRNA; @, 
B mRNA. 


hybrids had identical thermal elution profiles (+1°) 
indicating little or no mismatching of sequence and 
suggesting that heterologous hybrids are due to residual 
contamination rather than cross-hybridisation’. Alterna- 
tively, calculation of cDNA specificity by analysis of the 
shapes of curves seen in heterologous hybridisations suggests 
that residual contamination of the 8 cDNA (Fig. 2b, d) may 
be as high as 15-20%, while that of a cDNA (Fig. 2a, c) 
is near 0. But, since the contamination of 8 mRNA with 
a mRNA in Fig. 2a and c is no greater than 6% and 3%, 
respectively, this method of estimation may be invalid. 
We have used the appropriate cDNA probes to measure 
the a/B RNA ratios in reticulocytes of rabbits, mice, 
and sheep. Typical hybridisation results are shown in Fig. 3. 
and the data are summarised in Table 1. In our experi- 
ments we have attempted to avoid several potential pitfalls. 
First, our CDNA probes, while up to 97% specific, have 
residual contamination. The presence of such contamination 
becomes more critical as one measures smaller differences 
in a/B mRNA ratio. Several assays using probes varying 
in specificity from 83% to 97% have yielded similar 
a/B RNA ratios in rabbit and mouse reticulocytes 
(Table 1). Furthermore, reconstruction experiments in 
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Table 1 Ratios of a-to B-globin RNA in total and polysomal RNA of rabbit, mouse and sheep erythrocytes 





Minimum* 
Expt specificity (°%) 
cDNAs no, acDNA BcDNA 
Rabbit J 94 94 
2 86 90 
3 85 83 
Mouse l 97 89 
2 97 94 
Sheep 1 90 85 





a/B RNAT 
Total Polysomal RNA 
cellular 
RNA Unfractionated Poly(A)* Poly(A)~ 
— 1.23 — — 
1.38 
1.25 1.26 _ ~ 
1.36 
— 1.44 1.43 1.45 
1.28 1.29 = — 
1.24 1.24 1.26 0.87 
0.98 1.45 
0.85 1.29 0.92 1.38 
0.81 1.36 


ita nm tapi een EE E, 
Ratios were calculated from half-saturation values using a and B cDNA probes of indicated specificity, Each experiment contains data obtained 


with a different pair of cDNA probes and mRNA templates. 
*See text for method of calculation. 


tFor method of calculation of a/B RNA ratios, see legend for Fig. 3. 


which varying template mixtures were used demonstrated 
that differences in a/B mRNA ratios of 10% or more 
could be detected. Second, to measure molar RNA ratios 
while controlling for known mRNA and potential cDNA 
size differences, we have determined hybridisation ratios 
with template standards. These ratios (between 0.9 and 1.1) 
were used to correct observed hybridisation ratios in test 
samples. 

In rabbit reticulocytes, molar ratios of a to B mRNA 
average 1.3 in total and polysomal RNA (Table 1). Similar 
a/B polysomal RNA ratios were obtained using three 
different sets of cDNA probes with specificities ranging 
from 83% to 94%. While the ratios of a/B mRNA in total 
and polysomal RNA were equal, the « and B mRNA con- 
centrations (calculated by comparing template and sample 
RNA amounts needed for half-hybridisation) were greater 
in polysomal (@,8=1.5%, 1.2%) than in total RNA 
(a,B=1.1%, 0.8%) because of the presence of 4SRNA 
in total RNA samples. When polysomal RNA was frac- 
tionated by oligo(dT)-cellulose chromatography, both poly- 
(A)* and poly(A) fractions (see legend to Fig. 1) had the 
same a/P ratio, and 95% of each mRNA was in the 
poly(A)” fraction. By subtraction of the æa and 8 globin 
mRNA amounts in polysomal RNA from those in total 
RNA, we calculate that 9% of a mRNA and less than 
1% of E mRNA are present in non-polysomal RNA of 
rabbit reticulocytes, in agreement with previous estimates". 

In C57 BI/6J mice, both the total and polysomal RNA 
of reticulocytes have average a/B RNA ratios of approxi- 
mately 1.3 (Table 1, Fig. 3c and d). Again, globin mRNA 
concentrations are higher in polysomal (a,B=1.6%, 1.3%) 
than in total RNA (a@,B=1.2%, 0.9%). Note, however, that 
poly(A)" and poly(A)” fractions of mouse polysomal RNA 
have different a/B RNA ratios (1.26 and 0.87, respectively). 
Also, the a/f RNA ratio in polysomal RNA calculated 
from the poly(A)" and the poly(A) data agrees closely 
with the observed ratio (1.20 compared with 1.24). Since 
the ratio of a/B in the poly(A) RNA is 45% greater 
than in the poly(A)” fraction, a mRNA may contain 
greater average poly(A) length than B mRNA in these 
mouse samples. Mouse and human mixed globin mRNAs 
are known to have different size classes of poly(A)*""”. 
The existence of different a/8 RNA ratios in poly(A)* and 
poly(A)” fractions of mouse polysomal RNA suggests that 
such poly(A) size classes may have different distributions 
in a and A mRNAs. Measurement of poly(A) length in 
the poly(A)? and poly(A)” fractions should verify these 
differences. 

Results obtained from reticulocyte RNA of homozygous 
B® sheep contrast with the rabbit and mouse results. First, 
while the a/f ratio in reticulocyte polysomal RNA of sheep 
is similar to that of rabbit and mouse, about 1.4, the a/B 


RNA ratio in total RNA is only 0.9 (Table 1, Fig. 
3a, b). In addition, a and B mRNAs make up 1.8% and 
1.5% of polysomal RNA, but only 0.62% and 0.70% of 
total RNA, respectively. Second, the results obtained by 
assays of poly(A)* RNA differ greatly from those obtained 
for unfractionated polysomal RNA. By gel electrophoresis, 
the a/B RNA ratio of sheep poly(A)’ RNA is about 0.5, or 
half that of rabbit and mouse poly(A)’ RNA, implying an 
excess of B mRNA in poly(A)* RNA of sheep (Fig. 15). 
By hybridisation analysis, an excess of B RNA was found 
in polysomal poly(A)? RNA (a/8=0.86), while an excess 
of a RNA was present in polysomal poly(A) RNA 
(a/B=1.37). But, the ratio of a/B RNA in polysomal RNA 
calculated from the poly(A)* and poly(A)” data does not 
agree well with the observed polysomal a/f ratio (1.0 
compared with 1.29), possibly due to the lower specificities 
of the sheep cDNA probes. It is unlikely that the observed 
B mRNA excess in poly(A)* polysomal RNA of these B® 
sheep is B° mRNA, since Benz has demonstrated with B° 
specific cDNA that B® homozygotes essentially lack 8° 
genes’, The proportions of sheep mRNAs in polysomal 
poly(A) RNA were greater than those observed in rabbit 
or mouse reticulocytes, but the percentages varied depend- 


Fig. 3 Hybridisation of reticulocyte total and polysomal RNA 
to a (@) and B (©) cDNAs of sheep (a, b) and mouse (e, d). 
Relative concentrations of a and B mRNA are determined by 
comparing amounts of sample RNA needed to half-saturate 
each cDNA probe. Using homologous templates as reference 
standards, the amounts needed to half-saturate each set of a and 
B cDNAs usually differed by fess than 10% (a, B = 0.27, 0.28 
and 0.35, 0.33 ng, respectively, for sheep and mouse cDNAs 
shown). The ratios obtained using template standards were used 
to correct observed sample ratios. For example in c, a/P = 
(17.5/15) x (0.35/0.33) = 1.24. 
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ing on whether the observed concentration of globin 
mRNAs in total polysomal RNA or the calculated con- 
centration (sum of poly(A)’ and poly(A) RNA fractions) 
was used (poly(A) @ = 41,25%., B = 13.1704). These results 
suggest a substantial difference in the a/B RNA ratio 
between the poly(A)* and poly(A) fractions in these sheep 
samples, 

Since poly(A) length may affect mRNA stability and/or 
transport from nucleus to cytoplasm, differential adenyla- 
tion of globin mRNAs could be important in balancing 
globin chain synthesis". Thus, if sheep a mRNA has a 
shorter average poly(A) length than B mRNA, as suggested 
by our data, any pool of a mRNA not associated with ribo- 
somes in early erythroid cells could be degraded at a faster 
rate than 8 mRNA, thereby accounting for the low a/B 
ratio observed in total RNA of sheep reticulocytes (Table 1, 
Fig. 3a). 

Thus, our data indicate that a/8 mRNA ratios in poly(A) 
RNA may not reflect the actual @/f ratio in unfrac- 
tionated total or polysomal RNA. In this regard we have 
recently re-examined the accumulation of globin mRNAs in 
erythropoietic mouse spleen cells. Gel analyses of globin 
mRNAs in poly(A)’ total RNA of spleen had yielded a/B 
ratios of 0.55-0.8 at different times after phenylhydrazine 
injection’. By hybridisation, we now find a constant a/ß 
RNA ratio of 1.25 in unfractionated total RNA at all times. 
In contrast, poly(A)’ total RNA of spleen cells have a/B 
RNA ratios by hybridisation which parallel those obtained 
previously by gel analysis (J. A. P., in preparation). Thus, 
while a changing a/f ratio and £ excess in poly(A -selected 
RNA is seen with both methods, in total spleen RNA an 
a RNA excess is observed using specific cDNA probes. 

In. addition, by hybridisation we have found a/B RNA 
ratios in polysomes of 1.2-1,4 in rabbit. mouse and sheep 
reticulocytes in agreement with theoretical predictions of 
functional a/B mRNA ratios’. Our results suggest that 
balanced synthesis of a and B chains in these species 
depends on an excess of a mRNA on polysomes, regardless 
of the relative poly(A) length of the two messages. In these 
animals, the a/B mRNA ratios of 1.2 to 1.4 differ signifi- 
cantly from the a/f gene ratios. Thus, a further regulation 
of gene expression presumably occurs at transcription 
and/or mRNA processing. 
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Evidence for alkali-sensitive linkers in 
DNA of African green monkey kidney cells 


MITOCHONDRIAL DNA possesses ribonucleotide linkers'~* 
and although double-stranded eukaryotic chromosomal. 
DNA seems to be continuous throughout the length of 
the chromosome’ it is possible that single-stranded DNA 
possesses physical (nicks) or chemical (non-deoxynucleo-° 
tide linkers) discontinuities. To distinguish between an 
in vivo nick and a nick introduced by shear forces during 
DNA extraction is very difficult with the presently avail- 
able techniques. The detection of non-deoxynucleotide 
linkers is, however feasible, providing that. denatured. DNA 
can be sedimented in a chemical environment in which the 
linker is not destroyed. In these conditions, the comparison 
between sedimentation profiles of DNA, previously treated 
or not with a reagent that attacks the linker, may reveal the 

discontinuity. An obvious such reagent is a strong ‘base, 
thus precluding the use of alkaline gradients in these 
experiments, and so we have attempted to use sucrose 
gradients in non-aqueous formamide. In addition, the 
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Fig. 1 Alkali-sensitive sites in green monkey kidney cell DNA. 
The cells were grown in glass Petri dishes, in Dulbecco’s modified 
medium containing 10% calf serum, in a 5% CO, humidified. 
atmosphere at 37 C, and labelled for 8h with *H-thymidine 
(2 pCi mi~). The cells were washed with saline-EDTA (100 mM ` 
NaCl, 10mM EDTA, pH 8.0) and incubated with 2.0 ml of 
0.5% Triton X-100 in saline EDTA for | min. The nuclei 
remained attached to the bottom of the plate and were lysed by 
incubating for 30 min at 37 °C with 0.75% Sarkosyl, 1 M NaCl, 
10mM EDTA, pH 8.0. The proteins were extracted by mixing 
the lysate gently with-equal volume of 80% phenol at 4°C, The 
aqueous phase was separated by centrifugation and gently mixed 
again with equal volume of chloroform-isoamyl alcohol (20:5, 
v/v). The final aqueous phase was dialysed overnight against 2 I 
of 10mM Tris-HCI, pH 7.5. Aliquots (0.25 ml) of DNA were 
layered on the top of 4.0-ml gradients which were 0-15 % sucrose 
(w/v) in formamide. Centrifugation was at 32,000 r.p.m. at 30 °C 
in an SW-50.1 rotor (Spinco) for 4h. A total of 26-27 equal 
volume fractions were dripped on to strips of Whatman-No, 17 
paper and radioactivity was measured as described elsewhere™. 
a, Percentage °H-DNA from monkey cells; b, percentage *H- 
DNA from T4 phage; ©, 100 ul of DNA solution were mixed 
with 50 pl of 1 M Tris-HCI, pH 7.0 and 100 pl of 0.225 M NaCl, mae 
before layering on the gradients; @, 100 pl of the DNA solution 
were mixed with 50 pl of 0.45 M NaOH, incubated for 10min” 
at 20°C, mixed with 50 pl of I M Tris-HCI followed by 50 pl 
of 0.45 M HCI, and then layered on the gradients. The number 
average molecular weights (Ma) were calculated as described 
elsewhere, except that in Studier’s expression the exponent 
0.400 was replaced by 0.312 which was better fitted to our con- 
ditions, as determined with T4 and ADNA. a, My (OY = 68.2; 
M,,(@) = 45.6; b, Ma CO) = 46.2; Ma (@) = 49.8. 
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DNA had to be extracted by a very gentle. method in 
order to keep its average*molecular weight in the range 
of 50-80 10°. Using these conditions, we were able to 
detect alkali-sensitive linkers in chromosomal DNA of 
green monkey kidney cells. 

A typical result is shown in Fig. la. DNA which has 
been sedimented without any previous treatment has a 
number average molecular weight (Ma) equal to 68.2 x 10° 
daltons. Exposure of DNA to 0.15 NaOH for 5 min at 
20°C, before sedimentation causes Ma to drop to 
45.6X10° daltons and the profile becomes less hetero- 
disperse. Figure 15 shows that the same treatment on T4 
DNA produces no change in the sedimentation profile; 
T7 DNA displays exactly the same behaviour (results not 
shown). The results of several experiments similar to that 
shown in Fig. la are given in Table 1. The average 
number of alkali-sensitive linkers for five different deter- 
minations (a-e) was 0.87 +0.29 per 10° daltons. This means 
that an average of one linker is found for every 115x 10° 
daltons, In one case (Table le) the NaOH treatment was 
more drastic, without introducing comparatively more 
breaks, therefore, the more gentle reaction condition seems 
to give a full account of the linker disruption. In two 
other experiments (Table Ife) DNA was pulse-labelled 
for 25 min and the number of breaks observed was larger 
than in DNA labelled for several hours; other experiments 
are needed to define whether these results reflect a modifica- 
tion of the frequency of linkers as the DNA matures. 

In opposition to the linker hypothesis, it could be argued 
that formamide does not render the DNA completely 
denaturated, and that this in only accomplished after 
treatment with NaOH. This seems not to be the case, 
however, since T4 DNA displays the same sedimentation 
profile with or without NaOH treatment. Further evidence 
that DNA is already denatured before NaOH treatment 
is given by the experiment of Fig. 2. In this experiment, 
we intended to produce a DNA in which the opposite 
strands were labelled differently and had different sizes. 
If, on centrifugation in formamide, we obtained separation 
of the two sedimentation profiles we could conclude that 
the DNA was denatured, Cells were therefore prelabelled 
with “C-thymidine for 48h and then pulse-labelled with 
‘H-thymidine for 25 min. In these conditions, long strands 
of “C-labelled parental DNA should be hydrogen bound 
to strands of “H-labelled, newly synthesised DNA. This 
latter should be more heterogeneous in size, because it 
corresponds to growing strands of all sizes between zero 
and the size of the replicating unit’* (about 10° daltons). 
Denaturation is thus denoted in this experiment by the 
separation of the two profiles, in a situation essentially 
identical to that obtained in alkaline sucrose gradients’. 

We conclude from these results that the DNA molecules 
from African green monkey kidney cells contain linkers 
that are sensitive to alkali and that they are, on average, 
located 115x 10° daltons apart. The nature of these linkers 
is now being investigated and two main possibilities are 
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Fig. 2 Strand separation in sucrose-formamide gradients. 

The cells were incubated in “C-thymidine (0.1 pCi ml) for 

48 h. The medium was withdrawn and the cells incubated for 

25 min in 50 pCi mi~! *H-thymidine. The DNA was extracted, 

centrifuged, fractionated and counted as described in the legend 

of Figure l. (7, Percentage of 'C-DNA, M, = 62.8; A, per- 
centage of *H-DNA, M, = 20.5. 


being pursued, namely, a ribonucleotide linker and an 
apurinic and/or apyrimidinic site. 

Ribonucleotides have been detected in mature closed- 
circular mitochondrial DNA'™*. Their presence could be 
envisaged as due to insertion into DNA during replication 
by a relatively non-stringent DNA polymerase or that they 
are remnants of RNA primers which have not been com- 
pletely excised. Substantial evidence has been presented 
from several systems that an RNA polymerase product 
provides the 3’-hydroxy primer required by all known 
DNA polymerases’*. Apurinic sites are known to be 
formed spontaneously in DNA at a rate corresponding 
to 5X10 depurinations per 10° daltons per h at 37°C 
(ref. 10). Table 1 shows that the linkers are already present 
at a frequency of 1.5 per 10° daltons in short pulse-labelled 
DNA, therefore, apurinic/apyrmidinic sites could only have 
been introduced catalytically, such as by a base alkylation 
mechanism. 

Several laboratories have reported that treatment of 
cell lysates with proteases before centrifugation in alkaline 
sucrose gradients decreased the size of the DNA mole- 
cules". After the treatment, single-strand pieces of 
60 X 10°, 45 10° and 6 10° daltons were observed in CHO 
(ref. 11), mouse L cells? and Ehrlich ascites tumour cells”, 
respectively. The connection between these results and ours 
is not clear as yet. A preliminary experiment in which 
NaOH was replaced by proteinase K did not show any 
reduction in the molecular weight. It is possible that the 
protease treatment of the cell lysates removed protein 
from the DNA rendering the linkers accessible to the 
alkali. In our experiments, these proteins would have 
been extracted by the phenol-chloroform treatment and so 
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i Table 1 Number of single-strand breaks produced in DNA on treatment with sodium hydroxide 








M M 


Experiment untreated treated 
a 71.9 49.7 
b 66.7 42.4 
c 78.3 38.4 
d 68.2 45.6 
e 71.9 45.2 
f 42.7 26.7 
g 42.7 25.3 


No. of breaks 


per 10° daltons Treatment 


0.62 0.15 M NaOH, 10 min, 20 °C 
0.86 0.15 M NaOH, 5 min, 20°C 
1.32 0.15 M NaOH, 5 min, 20°C 
0.73 0.15 M NaOH, 5 min, 20°C 
0.82 0.50 M NaQH l h, 37°C 
1.40 0.15 M NaOH, 10 min, 20 °C 
1.61 0.50 M NaOH l h, 37°C 


amapaense 


a-e, DNA was labelled with radioactive thymidine for periods varying from 8 to 48h. In f and g DNA was pulse-labelled for 25 min 
only. Determination of M, is described in the legend to Fig. 1. Alkali treatment varied as indicated. The number of single-strand breaks was 
calculated using the expression (M, treated/M, untreated) 1, The values were normalised to 10° daltons. 
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the alkali-sensitive sites would already be accessible to 
attack. 
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Chloramphenicol-sensitive 
labelling of protein in 
microsomes of Neurospora crassa 


SEVERAL peptides are synthesised on mitochondrial chloram- 
phenicol-sensitive ribosomes’. In the presence of cyclo- 
heximide (~ 200 ug ml~'), amino acids are incorporated 
exclusively into mitochondrial proteins in Neurospora 
crassa and the flight muscle of Locusta migratoria’, leading 
to the generally accepted idea that mitochondrially syn- 
thesised proteins remain in the mitochondria. It is possible, 
however, that the high concentration of cycloheximide used 
in those experiments could inhibit any potential export of 
such proteins to other parts of the cell, particularly since 
the drug has been shown to affect several vital cellular 
processes independently of its effect on protein synthesis; 
for example, it stimulates the catabolism of nucleic acids 
and decreases intracellular ATP (ref. 4). This may explain 
some published indications of export of mitochondrially 
synthesised proteins in experiments in which cycloheximide 
was not used, such as the continued synthesis of myelin 
proteolipid in crude mitochondrial fractions of rat brain 
homogenates treated with RNase’; and the cytoplasmic 
location of the mutation in a line of Zea mays responsible 
for the susceptibility of its root plasma membrane K*- 
stimulated ATPase to the toxin of Helminthosporium 
maydis race T. We describe here observations on the 
incorporation of radioactivity into membranes of the post- 
mitochondrial supernatant of homogenates of N. crassa 
which had been pulsed with radioactive amino acids in the 
presence of cycloheximide (25 ug ml”) then grown for 2h 
in drug- and label-free medium. We have been unable to 
account for this solely on the basis of mitochondrial frag- 
mentation. Of the membranes present in the postmito- 
chondrial supernatant, we have investigated in detail a 
microsomal fraction enriched for endoplasmic reticulum, 
as a first step in determining the nature of this incor- 
poration. 

N. crassa 74A was cultured and pulse-chase labelled with 
amino acids in the presence of selective inhibitors of pro- 
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tein synthesis. Microsomes and mitochondria were isolated 
as described in the legend to Fig. 1, and the two fractions 
characterised by marker enzyme assays. The microsomal 
fraction was enriched 10-fold over the mitochondria in 
glucose-6-phosphatase activity measured according to 
de Duve et al., and no haem a was detectable in reduced 
minus oxidised difference spectra’. The assays indicated 
that the microsomes were enriched in endoplasmic 
reticulum and virtually devoid of- mitochondrial inner 
membrane. 

Four proteins whose synthesis is chloramphenicol- 
sensitive are normally obtained from pulse-labelled N. 


crassa mitochondria. Their molecular weights are. roughly- 


10,000, 20,000, 30,000 and 40,000. The 10,000 molecular 
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Fig. 1 Distribution of radioactivity in a, microsomes and b, 

mitochondria. N. crassa was labelled as described previously’, 

except that 200 uCi of [G-"H]L-phenylalanine (Schwarz-Mann, 

10 Ci mmo!™), per 500.ml of medium was routinely used. in 

place of leucine as the labelling agent. In one series of experiments 
the cultures were labelled with 500 pCi *H-amino acid mixture 
(Amersham/Searle code TRK.440) per 600ml of medium. The 
cells were labelled in the presence of cycloheximide (25 pg mi~} 
or cycloheximide (25 pg mi~’) plus chloramphenicol (4 mg mi~). 
Mycelial pads were collected by vacuum filtration and disrupted. 
in a mill (B. Braun, Melsungen) with 0.5-mm glass beads in the. 
following buffer: 0.5M_ sucrose, | mM EDTA, and 50 mM 
Tris-HCI, pH 7.5. To inhibit protease activity, 0.5 mm phenyl- 
methylsulphonyl fluoride was added to all buffers. Nuclei and the 
bulk of the cell wall were removed by centrifugation at 2,000g 
for 10 min, and a heavy mitochondrial fraction was obtained by 
centrifugation of the supernatant at 8,000g for 15min. The 
mitochondria were washed by homogenising in the same buffer, 

and repeating the above centrifugations. Light mitochondria and 
lysosomes were removed from the postmitochondrial supernatant 
by centrifugation at 50,000g for 30 min, and discarded. Micro- 
somes were then prepared by centrifuging the supernatant at 
105,000g for 1h. The pellet was washed by resuspension in the 
same buffer, followed by centrifugations at 50,000g and 100,000g. 
All operations were carried out at 0 “4 °C. Protein was measured 
by the method of Lowry et a/.*. Microsomes and mitochondria 
were assayed by SDS-—polyacrylamide gel electrophoresis in 

sodium dodecy! sulphate, using 11.5% gels as described by Fair- 
banks et a/2, as modified by Lansman er al”. The radioactivity in 
2-mm gel slices was measured by liquid scintillation counting 
after swelling in 0.4 ml NCS Tissue solubiliser (Amersham/ 
Searle) for 2.5 h at 45 °C followed by addition of toluene plus 
Omnifluor (Packard). a, 100 ug sample of microsomes; b, 100-pg 
sample of mitochondria; ©, cycloheximide; x, cycloheximide 

plus chloramphenicol. 
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Fig. 2 Determination of the apparent molecular weight of CSMP. 
Microsomes (650 ug), labelled in the presence of cycloheximide 
as described in Fig. 1, were extracted with chloroform-methanol 
(2:1) centrifuged at 5,000g for 10 min and the supernatant dried 
under nitrogen. The residue was electrophoresed in SDS-urea 
polyacrylamide gels according to Swank and Munkres'*. Radio- 
activity was determined as described in Fig. 1. The position of 
markers was determined after staining with Coomassie Blue’?. 


weight (MW) peak disappears from mitochondria after a 
2-h chase period’. In experiments reported here, equal 
quantities of mitochondrial and microsomal protein 
(100 ug per gel) from cells pulse-chase labelled in the 
presence of cycloheximide or cycloheximide plus chlor- 
amphenicol were compared by sodium dodecyl sulphate 
(SDS)-polyacrylamide gel electrophoresis, The distribution 
of radioactivity in mitochondria and in microsomes from 
cells pulse-chase labelled in the presence of cycloheximide 
alone showed distinct differences (Fig. 1). The mitochondria 
had little protein of MW about 10,000 and none smaller 
than this, as expected for N. crassa mitochondria labelled 
in this manner’. In contrast, the majority of the radio- 
activity in the microsomes appeared in a low MW protein 
which was smaller than the 10,000 MW protein seen in 
mitochondria after a pulse-label experiment, and is there- 
fore unlikely to be derived from mitochondrial membrane 
fragments. The synthesis of the microsomal protein was 
reproducibly sensitive to chloramphenicol. The apparent 
MW of this chloramphenicol-sensitive microsomal protein 
(CSMP) as determined by polyacrylamide gel electro- 
phoresis in the presence of SDS-urea was 5,000 to 8,000 
(Fig. 2). CSMP was readily extractable from microsomes 
with 20 volumes of 80% acetone or with chloroform- 
methanol (2:1), the latter property suggesting it is a 
proteolipid. 

Saponification of chloroform—methanol extracts of 
microsomes labelled in the presence of cycloheximide, 
which should release any amino acids present as amino- 
lipids, revealed negligible amounts of radioactivity recover- 
able as amino acids, suggesting that the bulk of the 
radioactivity was incorporated into protein. Only 6% of 
the radioactivity was recovered in petroleum ether extracts 
after saponification of *H-phenylalanine-labelled CSMP, 
indicating a low level of amino acid conversion to lipid. 
Total acid hydrolysis of CSMP was obtained only after 
saponification, however, suggesting that the peptide chain 
may have been protected to some degree by lipids. Labelled 
phenylalanine (as assayed by thin-layer chromatography) 
was recovered from total acid hydrolysates of CSMP isolated 
from cells pulse-labelled with *H-phenylalanine (Fig. 3a). 
Several different amino acids were detected by ninhydrin 
visualisation and radioactivity in total hydrolysates of 
CSMP isolated from cells labelled with a mixture of *H- 
amino acids (Fig. 35). 

Thin-laver chromatography of chloroform—methanol 
extracts of microsomes or mitochondria in a system that 
separates a variety of lipids gave a band of radioactivity 
whose synthesis was chloramphenicol sensitive. This band 





Nature Vol. 269 29 September 1977 


migrated with an R: similar to that reported for a low 
molecular weight proteolipid synthesised by isolated rat 
liver mitochondria’’'*, and which is similar to the R; of 
phosphatidyl choline (Fig. 4a and 6). The acid hydrolysis 
data described above, however, indicated that the radio- 
activity was recovered in amino acids, not in phosphatidyl 
choline. Phosphatidyl serine, the most common amino- 
lipid, migrates with an R; close to 0.4 in the first develop- 
ing system. Thus, the radioactivity in CSMP could not be 
due to label converted to phosphatidyl serine. 

All the above data suggest very strongly that CSMP is 
indeed a protein, albeit with somewhat unusual properties. 


Fig. 3 Analysis of total hydrolysates of chloramphenicol- 
sensitive cycloheximide-insensitive material by thin-layer chroma- 
tography. N. crassa microsomes labelled in the presence of 
cycloheximide with: a, [G—*H] phenylalanine (see Fig. 2) or 
b, 3H-amino acid mixture (as described in the text) were extracted 
in chloroform-methanol (2:1) and dried under nitrogen. The 
dried residues were saponified in 95% methanol, 0.5 M NaOH 
at 30 °C for 15h, acidified to pH 3 with 6 M HCI and extracted 
three times with 2 vol. petroleum ether which removed non- 
saponifiable lipids. The methanolic layer was neutralised, dried 
under N, and hydrolysed in 6 M HCI at 110°C for 72 h. HCI 
was removed in a vacuum dessicator over NaOH and concen- 
trated H,SO,. The residues were dissolved in water and desalted, 
using a Dowex-2 (AG-2 X-10, BioRad) anion exchange resin 
(which also removed ethanolamine and choline)! followed by 
removal of HCI and acetic acid by vacuum desiccation as above. 
Amino acids were separated on silica gel plates (EM Labora- 
tories), with ethanol—-water (7:3), and visualised with ninhydrin 
(shown as cross-hatched spots below the graphs). The radio- 
activity was determined by liquid scintillation counting of 
0.5-cm bands in Bray’s solution". 
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Fig. 4 Thin-layer chromatography of chloroform—methanol 
extracts of subcellular fractions. a, Microsomes and b, mito- 
chondria were isolated from N. crassa pulse-chase labelled in 
the presence of cycloheximide or of cycloheximide plus chloram- 
phenicol. Membrane suspensions (146 ug protein) were extracted 
with | ml of chloroform—methanol (2:1) at room temperature 
for 10 min followed by centrifugation at 5,000g for 10 min. 
The supernatants were dried under nitrogen, dissolved in a small 
volume of the same solvent, and separated by thin-layer chroma- 
tography on silica gel HR (Merck). Phospholipids and neutral 
lipids were separated by successive developments in chloroform- 
methanol-glacial acetic acid-water (65:25:8:4) (ref. 17) and 
then petroleum ether-diethyl ether—glacial acetic acid (75:25:1) 
(ref. 18). Lipids were visualised with iodine vapour (shown as 
cross-hatched spots below the graphs). Bands (0.5 cm) were 
scraped from the plate into counting vials, and radioactivity 
was determined by counting in toluene-liquifluor (New England 
Nuclear) using a Packard Tri-Carb liquid scintillation counter. 
Standards were: LEC, dipalmitoyl lecithin; G, gramicidin D: 
E, ergosterol; FA, oleic acid; TG, triolein. Cycloheximide, 
hatched; cycloheximide plus chloramphenicol, solid. 


Purification of this protein is in progress. After gel filtra- 
tion of the chloroform—methanol soluble fraction of N. 
crassa microsomes on LH-20 columns, a single radioactive 
ninhydrin-positive spot is observed on paper chromato- 
graphy. 

The appearance of the protein CSMP in the microsomal 
fraction could be explained in several ways. As shown 
above, it is unlikely to be due to simple cross-contamination 
from mitochondrial inner membranes. The results could be 
accounted for by CSMP escaping from the mitochondria 
during the isolation procedure, but a very hydrophobic 
Protein such as this is unlikely to be removed from mito- 
chondrial membranes in the isolation conditions used. 
It is unlikely that CSMP is the result of labelling of micro- 
somal protein(s) by a non-ribosomal-dependent enzyme 
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system insensitive to cycloheximide but sensitive to chlor- 
amphenicol as has been reported for in vitro preparations 
of myelin”. In the conditions used for in vitro incorporation 
of radiolabelled amino acids into a myelin fraction’, 
no chloramphenicol-sensitive incorporation of *H-phenyl- 
alanine by a 20,000g supernatant of an N. crassa homo- 
genate was found. The only labelling observed was sensitive 
to cycloheximide and insensitive to chloramphenicol, sug- 
gesting normal in vitro cytoplasmic ribosomal-dependent 
incorporation of amino acids. These observations are in 
direct contrast to the in vivo labelling pattern of CSMP, 
supporting our contention that CSMP is synthesised on 
chloramphenicol-sensitive ribosomes and not by an unusual 
enzymatic reaction sensitive to chloramphenicol. It is pos- 
sible that there are hitherto undescribed cycloheximide- 
insensitive, chloramphenicol-sensitive ribosomes outside the 
mitochondria. It is also possible that CSMP is a product of 
mitochondrial protein synthesis which has been processed 
during or after export. In summary, the evidence is most 
consistent with CSMP being synthesised on mitochondrial 
ribosomes and exported from the mitochondria. 

Preliminary experiments with isolated rat hepatocytes 
have indicated that export of low molecular weight pro- 
teolipids from mitochondria to the endoplasmic reticulum 
and also to the plasma membrane occurred. 

The role or roles of CSMP in the cell are unknown. 
Several investigators have concluded mitochondrial export 
to the cytoplasm must exist. Some of these reports suggest 
a repressor function for this protein. Barath and Kuntzel” 
observed that in the presence of chloramphenicol or 
ethidium bromide, an increased biosynthesis of certain 
nuclear gene products associated with the Neurospora 
mitochondrial transcriptional and translational apparatus 
occurred. A model was proposed for a mitochondrial 
repressor which regulates the synthesis of these proteins. 
Such a repressor has also been proposed by Edwards er al.” 
to explain a similar chloramphenicol effect on the induction 
of the cyanide-insensitive alternate oxidase of Neurospora, 
an enzyme that is synthesised in the cytoplasm. This 
repressor model could also explain the induction of the 
alternate oxidase in the mitochondrial mutants mi-/] and 
mi-3 of Neurospora”. 

Export of mitochondrial protein could be the functional 
basis for a mitochondrial linkage to cellular transforma- 
tion. This is suggested by the protection of BALB 3T3 cells 
from viral transformation by pretreatment with ethidium 
bromide”, by the close correlation of the severity of 
granulocytic leukaemia with the frequency of circular 
dimers of mitochondrial DNA in leukocytes" and by the 
distinct and specific changes in the synthesis of mito- 
chondrial DNA in chick embryo fibroblasts transformed 
by Rous sarcoma virus”. 
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A cholesterol-isopropanol gel 


In the course of measuring solubilities of cholesterol in pure 
and mixed solvents we have observed the formation of a 
transparent gel in the cholesterol+isopropanol system. 
Because of the historical importance of liquid crystals of 
cholesteryl esters! and the biological importance of 
cholesterol, we are reporting here some observations on the 
properties of this gel. Liquid crystals of cholesterol with 
fatty alkanols (C-C) are known’, but have not been 
reported for smaller alcohols. The transparent gel of 
cholesterol and isopropanol seems to be stable at 4 °C for 
concentrations of 4.6-5.3% (w/w) cholesterol. At higher 
concentrations and temperatures (up to 10.2% at 22 °C), 
the transparent gel can be observed for a day or more, then 
white ‘snowflakes’ appear throughout the gel and grow 
slowly into a translucent or Opaque mass. On warming, the 
transparent gels liquify, and the translucent gels seem to 
go directly to the liquid state. The transparent gel is un- 
stable to vigorous shaking; samples with less than 5.5% 
cholesterol liquify then return to the transparent gel state 
on standing at 4 °C. Samples with larger concentrations 
form the translucent or opaque state on shaking and do not 
return to the transparent state over a period of several 
weeks. Observations of the transparent gel under a polaris- 
ing microscope at room temperature showed the sample to 
be mostly isotropic with some small points of optical 
activity. 

Cholesterol (Fisher Certified Reagent Grade) originally 
with a melting point of 147—148 °C. After several recrystal- 
lisations from ethanol the melting point was 148-149 °C. 
Isopropanol (Matheson, Coleman and Bell Spectroquality) 
was stored over molecular sieves and twice distilled, retain- 
ing the middle one-third each time. In all of the measure- 
ments reported here, these purified materials were used, but 
very similar results were obtained with untreated materials. 
Samples were prepared by weight, sealed in glass ampcules 
under reduced pressure, warmed to dissolve the solid, and 
then allowed to stand without shaking in four different en- 
vironments ranging from —10-22 °C, all with observed 
temperature fluctuations of about | °C. Four physical states 
were observed: liquid, transparent crystalline plates, trans- 
parent gel, and the while material which seems to be an 
amorphous solid dispersed throughout the gel. Our observa- 
tions are shown in Table 1. 

After initial preparation, the gel took 2-3d to form. If 
the gel was broken by shaking or slight warming, it re- 
formed in a matter of minutes to hours, but if warmed ex- 
cessively gel formation required several days. The upper 
surface of the gel was always coated with a small amount 
of liquid, presumably due to temperature fluctuations and 
handling. In one case, however, (4.62% cholesterol at 4 °C) 
substantial amounts of the liquid and gel phases can coexist. 


Nature Vol. 269 29 September 1977 








Table 1 Coexisting states in the cholesterol-isopropanol system 





°% Cholesterol -10 C 4°C i8 °C 22°C 

(w/w) 
4.03 L+P L L L 
4.16 L+P L L L 
4.62 L+P L+P+G L L 
5.29 L+P PG L 
5.49 L+P P+G+W* L 
6.69 Ww Ww Ww L 
7.61 Ww wW Ww Ww 
11.66 Ww w w wt 


L, Liquid; P, crystalline plates; G, transparent gel; W, white mass. 

*Small flakes of white appeared in the transparent gel after approxi- 
mately one week, and seemed to be slowly increasing in size. 

+This sample liquified at 43 °C. 


Samples with 6.69% or more cholesterol form the white 
mass at —10 °C, but it is unlikely that this is an equilibrium 
state. There seems to be kinetic competition between forma- 
tion of the white material and formation of the crystalline 
plates. Samples of 5.49% and 6.69% cholesterol were 
allowed to gel at 4 °C, both with a small amount of white 
‘snowflakes’; the 5.49% sample also contained some trans- 
parent plates. When these samples were moved to the 
—10 °C environment, the less concentrated sample formed 
plates with liquid, and the more concentrated sample formed 
the white mass, possibly containing some crystallites. 

To find out more about the white materials we have 
observed, we have begun measurements of the weight gain 
of cholesterol on exposure to isopropanol vapours. We 
have observed a gain corresponding to 1.9 molecules of 
isopropanol per molecule of cholesterol above pure liquid 
isopropanol, and some of our measurements indicate that 
the ratio of 0.5 isopropanol molecules per cholesterol 
molecule may be a stable configuration. 

WILLIAM E. AcREE, JR 
Gary L. BERTRAND 
Department of Chemistry, 
University of Missouri-Rolla, 
Rolla, Missouri 65401 
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Errata 


In the letter ‘Upper limits for the radio pulse emission from 
exploding black holes’ by W. P. S. Meikle, Nature 269, p. 41, 
in paragraph 3, line 15, for ¢, read ty; in paragraph 3, line 17, 
for t, read ¢,; in paragraph 4, line 10, for v = 200 MH,, read 
v < 200 MH,; in paragraph 4, equation (ID for Rma =~ 5x 510%, 
read Rm ~ 5x107; references 6 and 7 should read ë Colgate, 
S. A. & Noerdlinger, P. D. Astrophys J. 165, 509-521 (1971) 
and 7 Colgate, S. A. Astrophys. J. 198, 439-445 (1975). 

In the letter ‘Electrical stimulation of denervated muscle 
reduces incorporation of methionine into the ACh receptor’ by 
C. G. Reiness & Z. W. Hall, Nature 276, p. 655, the correct 
order of authors’ name was transposed. 


Corrigenda 


In the letter ‘Aflatoxin B-oxide generated by chemical or enzymic 
oxidation of aflatoxin B, causes guanine substitution in nucleic 
acids’ by C. N. Martin & R. C. Garner, Nature 267, p. 865, 
the legend to Fig. 1, line 14 should read . . . To this two-phase 
system was added 1.25 mg 3-chloro-perbenzoic acid (4 molar 
excess) and the whole stirred for 25 h at room temperature in 
the dark in a stoppered flask. 

In the letter ‘On the optical identifications of five X-ray 
sources’ by H. V. Bradt et al., Nature, 269, p. 21, the 
last line of the abstract should read . . . suggested class of 
Be-star X-ray emitters. 
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reviews 





Reproductive physiology in the male 





The Process of Spermatogenesis in 
Animals. By Edward C. Roosen-Runge. 
Pp. vili+214. (Cambridge University: 
Cambridge, London and New York, 
1977.) £15.50. 





THis book is an extremely welcome 
addition to the literature on reproduc- 
tion in the male. It brings together an 
absolute wealth of information on the 
formation of spermatozoa in lower 
animals and then relates this to the 
much greater body of knowledge about 
testis function in mammals. The book 
begins with a historical introduction, 
important in a subject which, has 
developed explosively in the last ten 
years. The author then works system- 
atically through the Animal Kingdom, 
collating and tabulating the widely 
scattered information, and more im- 
portantly, discussing its relevance to 
the situation in other classes of animals. 
As a scientist working on the physi- 
ology and biochemistry of the testis in 
‘mammals, I found the book extremely 
interesting and stimulating. 

The invertebrate species, in particu- 
lar, provide so many extraordinary 
variants on the basic theme that [ will 
look with new eyes at my own data to 
see whether things in mammals are as 
simple as they have seemed. till now. I 
found the description of the ‘carrier’ 
spermatozoa in the marine snail 
Janthina particularly intriguing, as was 
Professor Roosen-Runge’s own work 
on the marine hydrazoon Phialidium. 
This animal releases spermatozoa twice 
daily at sunrise and sundown for 3-4 
months and its testes continue to pro- 
duce and release spermatozoa in vitro 
although in these conditions sperma- 
togonia are not renewed. This animal 
should obviously. be studied in greater 
detail in view of the failure so far to 
maintain spermatogenesis, particularly 
the meiotic divisions, in cultures of 
fragments of mammalian.testes. 

I am not quite so sure whether a 
zoologist, who wanted to obtain a 
general picture of reproduction in male 
mammals to relate to the animals he 
was studying, would find all the infor- 
mation he needed. Professor Roosen- 
Runge is. one of the most imaginative 
“of the still-active older scientists in 
this field and he has worked for many 
years on spermatogenesis in mammals, 
although his contribution is often 
underrated. It is therefore a pity that 


B. P. Setchell 





he feels that this field “has been re- 
viewed almost to excess” and does not 
attempt a detailed exposition of his 
view of the present state of knowledge 
of mammalian spermatogenesis. 

The book is very well produced, 
although I do find it irritating that the 
plates are grouped together rather than 
spaced through the text, but I suppose 
that this is a consequence of rising 
costs. There seem to be very few 
spelling mistakes (even fewer if the 
‘bettle’ on p70 is not meant to be a 
‘beetle’). Some of the line drawings 
could be clearer and several are inade- 
quately labelled, for example Fig. 3: 


(p7), in which the numbers are unde- 
fined and cannot be reconciled: easily 
with the text. AR ee 

In summary, this is a book which: 
every library interested in the physi- 


ology of reproduction should have; and : 
almost all workers in this field would: 


learn something new by reading it. 
Professor Roosen-Runge is to. be con- 


gratulated. I do not know of anyone > : 


else who could have done it as well. {3 





B. P. Setchell is a Senior Principal Scien- 
tific Officer at the ARC Institute of 
Animal Physiology, Babraham, Cambridge, 
UK. 





Human variation and 


Population Structure and Human 
Variation, International Biological Pro- 
gramme. Vol. 11. Edited by G. A. 
Harrison. Pp. 342 (Cambridge Univer- 
sity: New York, London and 
Cambridge, 1977.) £17.50. 


THIS monograph consists of a selection 
of studies of human populations 
carried out during the International 
Biological Programme. Each of the 12 
chapters attempts a broad review of in- 
vestigations concerned with population 
genetics, demography and ecology as 
they relate to human variation and 
adaptation. 

In the past, physical traits (such as 
head shape and skin colour) have been 
largely used for defining population 
groups, but the value of such traits is 
somewhat limited because they are poly- 
genically determined, and at least some 
are significantly affected by the environ- 
ment. For these reasons anthropologists 
and population geneticists have increas- 
ingly turned their attention in recent 
years to monogenically determined bio- 
chemical markers (blood groups, 
haemoglobins, serum proteins and 
enzymes) and it is with the distribution 
of these markers, as well as disease in- 
cidences and various physiological 
parameters, that this book is also con- 
cerned. 

The world distribution of genetic 
markers is reviewed and also the find- 
ings in various “isolates” in North 
Asia, the Yanomama Indians of Brazil 
and the Solomon Islanders. The nature 
of specific factors which may influence 


adaptation 


human variation and adaptation are 
also approached through the study of 
migration of genetically similar groups 
into different environments (Tokelau 
Islanders of the Pacific into New Zea- 
land, the African savanna dwellers into 
the equatorial rain forests) the study of 
genetically different groups living in 
similar environments (various Jewish 
communities in Israel) and physio- 
logical adaptations to extreme environ- 
ments (the semi-arid regions of Central 
Africa and the tropical forests of Papua 
New Guinea). 

There are those who might question 
the merit of studying the frequencies 
of various traits in different popula- 
tions which, at their lowest level, Mall 
the anatomist might somewhat irre- 
verently have referred to as ‘brick- 
counting-research’. But in defence of 
such studies it can be asked how else 
can human evolution and adaptation 
be investigated? If there is a defect 
perhaps it lies not so much in the 
collection and analysis of such data but 
rather in their interpretation. 

This is essentially a postgraduate 
text, and in any event is far too expen- 
sive for possible recommendation to 
undergraduates. It is well edited and 
presented, and should prove particu- 
larly valuable for research workers. It 


is also an excellent sourcebook of rele- 


vant data for teachers of human 
biology, population genetics .. and 
anthropology. Alan E. Ho Emery 





Alan E. H. Emery is Professor of Human 
Genetics at the Medical School, University 
of Edinburgh, Scotland, UK. 
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Crystal structure 
compendium 


Three-Dimensional Nets and Polyhedra. 
By A. F. Wells. Pp. 268. (Wiley Inter- 
science: New York and London, 1977.) 
£22; $36. 





We are much indebted to A. F. Wells 
for his massive volumes of Structural 
Inorganic Chemistry which systematise 
the spatial arrangements of atoms in 
crystalline inorganic solids. Professor 
Wells has now taken the topological 
material involved in these structures 
and examined it in greater detail. 

He considers primarily nets which are 
periodic in three dimensions. These are 
characterised topologically with sym- 
bols derived from those of Schlafli: the 
indices (p, q) meaning that q links meet 
at each point and that the shortest 
circuits including any pair of links from 
a point have p edges. This symbol he 
finds to be inadequate for complete 
description, and further numbers are 
added, although it is not perhaps easy 
enough for the reader to grasp the 
significance of the sub- and super- 
scripts, especially when dipping into 
the book. Perhaps about a hundred 
different nets are considered so that 
the subject is a considerable test of 
the spatial imagination. As Wells 
admits, the various structures which he 
describes are difficult to apprehend and 
the building of models is recommended 
to supplement the stereo photographs 
provided. The latter are not very 
successful because the screen pattern 
becomes intrusive when they are 
magnified by a stereo-viewer. 

The most interesting section is on 
infinite polyhedra, the simplest of 


which were discovered’ by Petrie and 
Coxeter in 1926. These can be 
obtained by inflating the links in a net- 
work until they become tubes. The 
resulting surface is then tiled with 
polygons. Such polyhedra divide space 
into two regions. Some molecular sieve 
crystals are of this type. It is clear that 
these figures are just the first of a 
hierarchy, and they begin to hint at 
the development of ‘biogeometry’, 
which may describe structures such as 
membranes, micelles, butter, the frame- 
works observed by electron microscopy 
in wood, moving up to cell organelles, 
and so on. 

There is scope for the development 
of the notation and presentation of 
data on these networks and there are 
further topics, especially that of ran- 
dom networks, which we would like to 
hear about, but which the author has 
consciously eschewed, 

The constraints which sheer topology 
imposes on spatial structure are re- 
markably strong, both in detail for 
atomic networks and statistically, as in 
the phase rule of physical chemistry. 
Wells has made a start on the system- 
atisation of important structural in- 
variants and it is to be hoped that this 
will eventually lead to their more com- 
plete characterisation, such as has been 
done for the symmetry groups by the 
International Tables for X-ray Crystal- 
lography. Until such time, Wells’ com- 
pendium will be of value to those 
dealing with crystal structures and 
suggestive in many other areas con- 
cerned with three-dimensional structure. 

A. L. Mackay 





A. L. Mackay is Reader in the Department 
of Crystallography at Birkbeck College, 
University of London, UK. 





Arab survey 


Scientific Results of the Oman Flora 
and Fauna Survey 1975. A Journal of 
Oman Studies Special Report. Intro- 
duced by David L. Harrison. Pp. 267. 
(Michael Rice: London; Ministry of 
Information and Culture: PO Box 600, 
Muscat, Sultanate of Oman, 1977.) $10; 
Rials Omani 5. 





Tue change in fortune of the peoples 
of Arabia are the talk of the world 
today: less well known are the 
peninsula’s untrampled desert plains 
and mountains which are among the 
few wilderness. areas left on earth for 
scientists to explore. For example the 
Sultanate of Oman in south-eastern 
Arabia, with its backbone of mountains 
up to 3,000 m high, offers unique oppor- 


tunities for naturalists to record plant 
and animal life in habitats which until 
a few years ago were largely in- 
accessible. 

Oman is in a critical zoogeographical 
position between Eurasia and Africa 
and also offers in the cooler highlands 
of its northern parts an environment in 
which relict forms have survived from 
more temporate conditions. This use- 
ful survey, the first of its kind to be 
carried out in the country, has provided 
many species and forms new to science 
and has laid the foundations for con- 
servation programmes in the Jabal 
Akhdar and Jabal Aswad ranges where 
the rare Arabian tahr (Hemitragus 
jayakari) still survives. Sarah Bunney 


Sarah Bunney, a zoologist, recently 
returned from Oman, where she spent 
two years working as librarian for the 
Omani Ministry of Health. 
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Computational 
fluid 
dynamics 


Numerical Methods in Fluid Dynamics. 
By Maurice Holt. Pp 253. (Springer: 
Berlin and New York, 1977.) 





THIS monograph is based on lectures 
from a course for graduate engineers. 
The emphasis is on methods developed 
in the USSR. For problems governed 
by hyperbolic partial differential equa- 
tions. methods attributable to Godu- 
nov, the BVLR method, and methods 
using the theory of characteristics are 
described. The number of application 
studies is noticeably smaller in chap- 
ters dealing with hyperbolic problems 
than is the case for the later chapters 
dealing with the method of integral 
relations, Telenin’s method, and the 
method of lines. 

More than half of the book is 
devoted to applications of the method 
of integral relations, Telenin’s method, 
and the method of lines to flows des- 
cribed by elliptic, parabolic, or mixed 
elliptic/hyperbolic partial differential 
equations. Two-dimensional incompres- 
sible flow problems, problems asso- 
ciated with blunt bodies at incidence, 
three-dimensional cone-field problems, 
and viscous laminar boundary layer 
problems are amongst those con- 
sidered. The detailed explanations of 
the implementation of the methods 
and the many specimen results, should 
make it relatively easy for the inex- 
perienced to use the methods described. 

The careful presentation of varia- 
tions on methods for the successful 
solving of particular problems, and the 
many references ensure that the mono- 
graph will be a welcome addition to 
the computational fluid dynamics 
literature. The text can readily be 
understood by anyone having a basic 
knowledge of the equations governing 
fluid flow. It will be useful both to 
graduate students in engineering or 
applied mathematics and to research 
workers. 

Professor Holt’s monograph is, how- 
ever, not a model work. More authori- 
tative criticisms of methods, together 
with results demonstrating the break- 
down of methods. would have been 
desirable to avoid giving the reader 
the unfortunate impression that he has 
been provided with infallible recipes 
which can be used to solve any given 
problem. 

F. Walkden 





F. Walkden is Director of the Fluid 
Mechanics Computation Centre at the 
University of Salford, where he is 
Professor of Applied Mathematics. 
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Control of 
eye movements 


The Theory of Binocular Vision. By E. 
Hering. Edited by B. Bridgemann and 
Lawrence Stark. Pp. 218. (Plenum: 
London and New York, 1977.) $29.40. 


29 September 1977 





THis admirable translation of Hering’s 
monograph on the control of eye move- 
ments will be of unfaded value to 
present-day workers in the field; but it 
will also interest historians of science, 
for Hering prepared his monograph 
largely in response to Helmholtz’s 
Physiological Opties, and it illustrates 
the nature of the systematic contro- 
versy between the two physiologists. 
The translation will help to dispel the 
two textbook myths, that Hering 
eschewed detailed experiments and that 
he adopted a rigidly nativist position; 
and it serves to emphasise how much 
Helmholtz and Hering shared—com- 
mon problems, common assumptions, 
common experimental techniques and 
common criteria for the acceptability 
of evidence. 

Central to the monograph are the 


idea that the two eyes should be 
treated as a single organ (the Doppel- 
auge) and the principle that corres- 
ponding muscles are always equally 
innervated, whatever the initial position 
of the eyes before a movement 
(Hering’s Law). In opposing the Helm- 
holtzian view that the two eyes come 
to be used together only by habit, 
Hering is led to discuss the movements 
of occluded, suppressed and blinded 
eyes; asymmetrical vergence move- 
ments; cases of unilateral paresis of eye 
muscles; and the coordination of the 
eyes in infants, 

B. Bridgemann’s translation is both 
careful and readable (although some 
obscurities survive in chapter 17) and 
he has added a helpful Introduction. 
L. Stark has independently provided 
summaries and commentary interleaved 
in the main text. Internal evidence 
suggests a curiously strained relation- 
ship between the two editors and this 
is to be regretted, for the task was a 
very worthwhile one. J. D. Mollon 


J. D. Mollon is Lecturer in Experimental 
Psychology at the University of Cam- 
bridge, UK. 





Inhomogeneous 
optical waveguides 


Inhomogeneous Optical Waveguides. 
By M. S. Sodha and A. K. Ghatak. 
Pp.x +269. (Plenum: New York and 
London, 1977.) $35.40. 





ELECTROMAGNETIC THEORY as for- 
mulated by Maxwell has been with us 
for a good hundred years but the in- 
terest in it has shown no signs of 
abating. New potential applications (in 
this case the promise of optical com- 
munications) have brought the need 
for new analyses which after a period 
of digestion could be profitably pre- 
sented in book form. The authors of 
this book are particularly suited for 
the task of writing on inhomogeneous 
optical waveguides since they have 
themselves written no less than twenty 
papers on the subject. The product is 
a book which anyone interested in the 
mathematical approaches is well ad- 
vised to study. Apart from a few 
omissions (for example, the complex 
ray method) the authors provide a 
detailed and interesting review. 

The strength of the book lies in 
giving copious answers to the question 
‘how to solve it?’, its weakness is that 
the equally important question of 
‘what is it good for?’ is sadly neg- 
lected. After all, the sole justification 
for the existence of these waveguides 


is that they can perform some useful 
function. An engineer would like to 
know why certain structures have been 
chosen, what are their comparative 
advantages and disadvantages, and 
would like to see the conclusions pre- 
sented in simple form. Unfortunately, 
this kind of discussion is entirely mis- 
sing and 25-page appendix on manu- 
facturing techniques is hardly a 
compensation for it. The descriptions 
are so sketchy and the links with the 
calculations so tenuous that they could 
have been replaced by a list of 
references. 

There are also some minor incon- 
sistencies in the presentation. For ex- 
ample, under the heading of “General 
Theoretical Considerations” in section 
2.2, the particle current is taken as 
zero and the solution in section 2.3 is 
obtained on that assumption. In sec- 
tion 2.4, however, complex dielectric 
constants suddenly appear, and the 
reader is told without any explanation 
that the real part of the dielectric con- 
stant of a metal is negative. Such 
minor flaws are likely to confuse 
undergraduates and less well equipped 
graduate students. On the whole, how- 
ever, the book may be recommended 
to those already familiar with a wide 
range of electromagnetic problems and 
wishing to move into this new field. 

L. Solymar 





L. Solymar is Lecturer in Engineering 
Science at the University of Oxford, UK. 
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Cell and tissue 
proteinases 


Proteinases in Mammalian Cells and 
Tissues. Edited by A. J. Barrett. Pp. xx 
+735. (North-Holland: New York, 
Oxford and Amsterdam, 1977.) Dfi. 196; 
$79.95, 





THE scope of this long and expensive 
book is somewhat wider than is indi- 
cated by its title because two of its 
sixteen chapters deal with proteinase 
inhibitors and another is devoted to 
synthetic substrates and inhibitors. In 
addition, the properties of the plasmin- 
ogen activators of plasma, tissue and 
urine are described in an interesting 
chapter by Christman, Silverstein and 
Acs, who emphasise that neither the 
source of the plasminogen activators 
of the plasma, nor the identity of these 
enzymes with thier tissue counterparts, 
can be stated with certainty. 

Evidently, it is difficult to decide on 
all the enzymes which should be con- 
sidered to be either cell or tissue 
proteinases. Undoubtedly, however, the 
decision to include consideration of 
certain plasma constituents has proved 
fruitful because, without data of 
this kind, discussion of the physiological 
roles of the cell and tissue proteinases 
would be difficult. The discussion of 
some aspects of how the tissue protein- 
ases may be expected to function in 
vivo, such as whether plasminogen 
activators are important in tumori- 
genisis and wound healing, is specula- 
tive, but the inclusion of these concepts 
adds greatly to the interest of the book. 

The rapidity at which information 
on tissue proteinases has accumulated 
since 1975 is mentioned in the preface. 
It is indeed remarkable that, whereas 
only six enzymes were dealt with in 
a similar book published in that year, 
details of seventy-one are to be found in 
the present volume. The introductory 
chapter by Barrett on the history and 
classification of the tissue proteinases 
helps to clarify the subject. By way of 
an extra, it is interesting to learn that 
Darwin in 1875 was the first to pose 
the question of the evolutionary rela- 
tionship of the proteinases of plants and 
animals. 

Perhaps because of the importance of 
elastase and Cathepsin G in inflamma- 
tion the first chapter by Starkey is 
devoted to the methods of isolation and 
properties of these two enzymes which 
together have been shown to be capable 
of hydrolysing all the maior tissue 
proteins. Particularly when extracel- 
lular (as, for instance, at the start of 
inflammation and thus not subject to 
the same degree of inhibition by a 


macroglobulin or a; antitrypsin), these 
enzymes have been shown to be capable 
of digesting immune complexes and 
probably of playing a part in combat- 
ing bacterial infection. These findings 
are mentioned mainly as an example of 
the mass of detailed information which 
has been brought together in this book. 
Undoubtedly the efforts of the many 
contributors have resulted in a volume 
which is both stimulating and will 
remain as a useful source book. 

It is a pleasure to be able to report 
that there are few errors: in fact only 
one of any importance has been 
detected by the reviewer. This concerns 
the a and a, macroglobulins of rabbit 
and rat. Unfortunately on p670, lines 7 
and 8, the subscripts have been trans- 
posed. This is of some importance 
because as printed the impression is 
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given that a, macroglobulin of rabbit 
and œ; macroglobulin of rat increase in 
concentration during inflammation. In 
fact, it is the other way round. 

It will be an added recommendation 
to potential readers that more than half 
of the chapters have been written 
either by the editor himself or by other 
members of the staff of the Strange- 
ways Laboratory. In an important 
sense, the appearance of this volume 
will make more easily available much 
of the research on tissue proteinases 
for which the Strangeways has become 
an acknowledged centre. 

A. H. Gordon 





A. H. Gordon is a member of the scienti- 
fic staff at the National Institute for 
Medical Research, Mill Hill, London, UK. 





Asymmetric reactions 


Stereo-Differentiating Reactions: The 
Nature of Asymmetric Reaction. By 
Yoshiharu Izumi and Akira Tai. 
Pp. ix+334. (Kodansha/Academic: 
Tokyo, New York and London, 1977.) 
$29.50; £20.95. 


From the introduction, it would seem 
that this book has two main aims: 
(1) to provide an introductory text with 
the basic physics and mathematics 
appropriate to asymmetric reactions; 
and (2) to present a new system of 
classification of asymmetric reactions 
developed by the authors and previously 
published in Japanese. One wonders 
what kind of reader the authors had 
in mind, since they have written a 
book which anyone unfamiliar with the 
field would have considerable difficulty 
in following and and which therefore 
cannot be regarded as an introductory 
text. A research worker interested in 
the mechanism of asymmetric reactions, 
on the other hand, will hardly want a 
research monograph to contain a 
chapter “Basic Principle of Optical 
Activity” or even one on experimental 
methods. 

The key chapters are those in which 
the authors give their new nomencla- 
ture and classification. The authors’ 
exposition is sometimes difficult to 
follow. They write: “A stereoselective 
reaction is defined as one in which one 
specific stereoisomer is produced to a 
greater extent than the other”, but give 
as an example. the conversion of 
maleic and fumaric acids to maleic 
anhydride! They then go on to intro- 
duce terms like enantiozeroplane, enan- 
tiotopos. enantioface, or  diastereo- 
topos-differentiating reaction, and the 


reader is bound to wonder if these 
terms are necessary. Are they really 
useful? Does their use clarify problems 
in reaction mechanisms? 

The new classification with six re- 
action types could have some advan- 
tages when considering mechanistic 
problems. The chapters which discuss 
these in detail, and which form the 
bulk of the book are, however, disap- 
pointing. They contain a mass of in- 
formation about organic reactions and 
about mechanisms proposed in the 
literature. The extensive discussion of 
the authors’ own work on modified 
Raney nickel catalysts provides an in- 
teresting test case, and it must be said 
that nothing has been written which 
could not have been written as clearly 
or indeed more clearly without re- 
course to their terms. 

One is left with the feeling that the 
authors have made a brave effort to 
think about problems which are con- 
ceptually notoriously difficult, and that 
their ideas are not without value. 
Their own exposition, however, is un- 
convincing and it would have been far 
better to have written a much shorter 
book with fewer examples to try and 
make their concepts clear. 

The occasional absence of the 
definite article indicates that the trans- 
lator was Japanese; on the whole, the 
translation is good, but there are quite 
a lot of misprints. The index is inade- 
quate; for example, one could not 
discover from it that Grignard re- 
actions are twice discussed, the only 
entry being a subheading under 
“enantioface-differentiating reaction”. 

T. L. V. Ulbricht 





T. L. V. Ulbricht is Scientific Adviser 
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EE SA Se 
announcements 





On the Move 


T. J. Martin, Professor of Chemical 
Pathology, University of Sheffield, to 
Professor of Medicine, University of 
Melbourne, Repatriation General 
Hospital, Australia; from 1 October 
1977. 

N. H. Hunt, Department of Chemical 
Pathology, University of Sheffield, to 
Department of Experimental Patho- 
logy, John Curtin School of Medical 
Research, A.N.U., Australia. 


Details of changes of department, sabbati- 
cals, where leave will be taken and so on 


should be sent to On the Move; there is no 
charge for this service. 





Appointments 


Dr D. F. Hornig, President-emeritus 
of Brown University to Professor of 
Chemistry in Harvard Faculty of Public 
Health to direct development of a pro- 
posed University-wide undertaking, 
Interdisciplinary Programs in Health. 
Mr L. R. Hanton, University of Otago, 
New Zealand, to a Rutherford Scholar- 
ship for three years from 1 October 
1977 to work in the department of 
organic and inorganic chemistry, 
University of Cambridge. 


Awards 


Dr D. Schofield, chief of the Defence 
Research Establishment at Dartmouth, 
N.S. to deputy chief of laboratories, 
responsible for all Department of 
National Defence research establish- 
ments. Dr Schofield will be replaced 
by F. A. Fergusson, Deputy Chief in 
Ottawa. 

Dr S. Weinberg, Higgins Professor of 
Physics at Harvard University and 
Senior Scientist at the Smithsonian 
Astrophysical Observatory, is the 1977 
winner of the American Institute of 
Physics—-United States Steel Foundation 
Science-Writing © Award ($1,500) for 
his book, ‘The First Three Minutes’, 
relating the theory of elementary 
Particles to the problem of the very 
early moments of the Universe. 


The British Council 

East European Exchange Visits 
Cultural agreements with the Soviet 
Union, Czechoslovakia, Hungary, 
Romania and Bulgaria provide for 
short visits (usually 2 weeks) and 
“medium term research visits (2-6 
months) for British scientists. Scholar- 
ships are also available for Periods of 
up to one academic year. For full 


details and application form, contact 
Higher Education and Science Depart- 
ment, The British Council, 10 Spring 
Gardens, London SWI, UK. 


Meetings 


21-22 October, International Sym- 
posium on Chromogenic Substrates, 
London (Thrombosis Research Unit, 
Department of Surgery, Denmark Hill, 
London SES, UK). 

2-4 November, Symposium on Ad- 
vanced Ozone Technology, Toronto (A. 
Netzer, Head, Physical Chemical Pro- 
cesses, Wastewater Technology Center, 
Canadian Center for Inland Water, PO 
Box 5050, Burlington, Ontario, 
Canada). 

2-5 November, Symposia on Perspec- 
tives in Biochemistry, and Isoenzymes, 
Cordoba, Argentina (R. Caputto, 
Departamento Quimica Biologica, 
Facultad de Ciencias Quimicas, Uni- 
veridad Nacional de Cordoba, Ciudad 
Universitaria, 5000-Cordoba, Argen- 
tina). 

9 November, Liquid Crystals, London, 
UK (The Institute of Physics, 47 Bel- 
grave Square, London SWI, UK). 

9 November, Symposium on Humidity 
Measurement, London, UK Sira Insti- 
tute Ltd, South Hill, Chislehurst, Kent, 
UK). 


Person to Person 


Mathematician seeks family accom- 
modation in Oxford, January to 
December 1978, or exchange house 
in Newcastle, N.S.W., Australia. 


Contact W. Brisley, Mathematics 


Department, University of New- 
castle, N.S.W. 2308, Australia. 


There will be no charge for this service. 
Send items (not more than 60 words) to 
Marcus Dobbs at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries. We reserve the right to decline 
material submitted. No commercial trans- 
actions. 





10-12 November, Open Conference on 
the Implications of Recombinant DNA 
Research, Bloomington, Indiana (Pro- 
fessor R. P. Bareikis, The Poynter 
Center 410 North Park Street, 
Bloomington, Indiana 47401). 

14-15 November, New Developments in 
Immunoassays, Düsseldorf (M. A. And- 
reopoulos, Conference Director, Robert 
S. First, Inc., Avenue Marnix 19A, Box 
6, 1050 Brussels, Belgium) (also in 
Chicago, 5-6 December). 

14-15 November, Symposium on Mass 
Spectrometry and Combined Tech- 
niques in Medicine, Clinical Chemistry 





and Clinical Biochemistry, Tübingen 
(Medizinische Klinik, Universität 
Tübingen, Otfried-Miiller-Strabe 10, 
7400 Tübingen, GFR). 

14-17 November, International Sym- 
posium on the Pineal Organ, Jeru- 
salem (I. Nir, Faculty of Medicine, 
Hadasseh Medical School, Jerusalem, 
Israel), 

14-18 November, The Pan American 
Conference on Forensic Applications 
of Anthropology, Dentistry, Medicine 
and Palaeopathology, Mexico City 
(W. G. Eckert, Laboratory, St Francis 
Hospital, Wichita, Ks. 67214). 

17-18 November, Symposium on Nutri- 
tional Management of Genetic Dis- 
orders, New York (The National 
Foundation-March of Dimes, 622 
Third Avenue, New York, N.Y. 10017). 
21-26 November, Fifth International 
Conference on Global Impacts of 
Applied Microbiology, Bangkok (Chair- 
man, GIAM V, National Organising 
Committee, Mahidol University, GPO ` 
Box 4-130, Bangkok, Thailand). 

22-23 November, Symposium on Photo- 
graphy in the Laboratory, London (The 
Secretary, Scientific Symposia Ltd, 42- 
43 Gerrard Street, London W1, UK). 


Reports and Publications 
Other Countries—July 


United States Department of the Interior: Geological 
Survey. Professional Paper 685-M: Effects of Phreato- 
hyte Removal on Water Quality in the Gila River 
hreatophyte Project Area, Graham County, Arizona, 
By R. L, Laney. Pp. iv-+23+2 plates, (Washington, 
DC: US Government Printing Office, 1977.) {117 
CERN — European Organization for Nuclear 
Research. CERN 77-10: Selection of Formulae o 
Concerning Proton Storage Rings, By G. Guigħard. < 
Pp. x+ 108. (Geneva: CERN, 1977.) z (hit 
Deutsches Hydrographisches Institut, Hamburg. 
29,/30. Jahresbericht 1974/1975. Pp. 134. (Hamburg: 
Deutsches Hydrographisches Institut, 1977.) 127 
Bayer 1976. Pp. 103, (Leverkusen: Bayer Aktien 
gesellschaft, 1977. A 
National Multiple Sclerosis Society. 1976 Annual 
Report. Pp. 32. (New York: National Multiple 
Sclerosis Society, 205 East 42nd Street, 1977.) {137 
CERN -— European Organization for Nuclear 
Research. CERN 77-11: Future Photomultiplier 
Assemblies and Associated Electronics in Large 
Experiments. By P. Duteil, R. Hammarström, P, G. 
Innocenti, A. Michelini, B. Smith and F. Soso. 
Pp. vi +35. (Geneva: CERN, 1977.) [147 
United States Department of the Interior: Geological 
Survey, Bulletin 1422-B: The Maudlow and Sedan 
Formations of the Upper Cretaceous Livingston 
Group on the West Edge of the Crazy Mountains 
Basin, Montana. By Betty Skipp and L, W. McGrew. 
Pp. iv+68, Professional Paper 608-B: General Geology 
and Petrology of the Precambrian Crystalline Rocks, 
Park and Jefferson Counties, Colorado. By C, Cc, 
Hawley and R. A. Wobus. Pp. v+77+ plate 1. Pro- 
fessional Paper 984: Geology of an Upper Cretaceous 
Copper Deposit in the Andean Province, Lassiter Coast, 
Antarctic Peninsula. By Peter D. Rowley, Paul L. 
Williams and Dwight L. Schmidt. Pp, vi + 36, (Washing- 
tion, DC: US Government Printing Office, 1977.) [147 
Mitteilungen aus der Biologischen Bendesanstalt für 
Land- und Forstwirtschaft, Berlin-Dahlem, Heft 174: 
Gaschromatographie der Phanzenschutzmittel—Tabel- 
larische Literaturreferate VI; Kumulative. Indices 
I-VI. Von Dr. Winfred Ebing. Pp. 102. (Berlin-Dahlem: 
Biologischen Bindesanstalt fiir Land- und Forstwirt- 
schaft, 1977.) DM 17.50. per 
Journal of Mechanical Working Technology, Vol, 1, 
No. 1, July 1977. Published Quarterly, Pp. 1-114. 
Annual Subscription, DA. 155; $58.95. (Amsterdam: 
Elsevier Scientific Publishing Company, 1977.) [187 
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Department of the Environment. Lead in Drinking 
Water: a Survey in Great Britain, 1975-1976. (Report 
of an Interdepartmental Working Group.) Pp. ix +47. 
(London: HMSO, 1977.) £1.15 net. {18 

The Electricity Council Annual Report, 1976-1977. 
Pp. 24, (London: The Electricity Council, 30 Millbank, 
SWI, 1977.) i H8 

Chinese Astronomy, Vol. 1, No. 1, June 1977. (A 
selected translation of Acta Astronomica Sinica, Vols. 
18-17, 1974-1976.) Pp. 1-196. Annual subscription for 
1977: $105, (Oxford and New York: Pergamon Press, 
1977.) {18 

Writing a Scientific Paper. By Vernon Booth. Fourth 
edition. Pp. 32. (London: The Biochemical Society, 
1977, Published by permission of Koch-Light Labora- 
tories, Lid.) £1; $2. [38 

Office of Population Censuses and Surveys. Mortality 
Statistics: Cause. (Review of the Registrar General on 
Deaths by Cause, Sex and Age, in England and Wales, 
1975, Series DH2, No. 2.) Pp. vi + 82. (London: HMSO, 
1977.) £2 net. {38 

The Determination of Vinyl Chloride: a Plant 
Manual. (Analytical Methods Required for the Control 
of Vinyl Chloride Concentrations in and Around Manu- 
facturing and Process Plants.) Compiled by specialists 
convened by the Vinyl Chloride Committee of the 
Chemical Industries Association, Lid., and edited by 
W. Thain. Third edition. Pp. 184. (London: Chemical 
Industries Association, Ltd.. 93 Albert Embankment, 
SEI, 1977.) CLA members £15; non-ClA members PR 

The Malaysian Rubber Producers’ Research Associa- 
tion, Thirty-ninth Annual Report, June 1977. Pp. 28. 
(Brickendonbury, Hertford: The Malaysian Rubber 
Producers’ Association, 1977.) {48 

The Natural Environment Research Council. Post- 
graduate Training in the Sciences of the Natural Envir- 
onment. Pp. i +9. Research Grants in the Natural 
Environmental Sciences—NECR Research Grants 
Current on Ist October 1976. Pp. v +60. (London: The 
Natural Environment Research Council, 1977.) {48 

Department of Industry. Research and Development 
Requirements Boards, Reports 1976-1977. Pp. 40. 
(London: Department of Industry, 1977.) [48 

International Planned Parenthood Federation. Occa- 
sional Essay No. 4: Defining Family Health Needs, 
Standards of Care and Priorities, with particular refer- 
ence to Family Planning. By Fred T. Sai. Pp. 32. 
(London: International Planned Parenthood Federa- 
tion, 18-20 Lower Regent Street, SW1, 1977.) 85p; 
$1.45. [48 

Gesellschaft für Strahlen- und Umweltforschung, 
München. Jahresbericht 1976. Pp. 312. (München: 
Gesellschaft für Strahlen- und Umweltforschung, 
1977. [187 

National Research Council Canada. Report of the 
President, 1976/1977, Pp. 108, (Ottawa: National 
Research Council Canada, 1977.) {187 

Smithsonian Contributions to Zoology. No. 244: 
A Review of the Troglobitic Decapod Crustaceans of 
the Americas. By Horton H. Hobbs, Jr., H. H. 
Hobbs, IHH, and Margaret A. Daniel. Pp. v+ 183. 
No, 248: Redescription of Echinoderes dujardinii 
(Kinorhyncha) with Descriptions of Closely Related 
Species. By Robert P. Higgins, Pp. iii + 26.(Washington, 
DC: Smithsonian Institution Press, 1977, For sale by 
US Government Printing Office.) {207 

World Health Organization. Technical Report 
Series, No. 608; Criteria for the Evaluation of Learning 
Objectives in the Education of Health Personnel— 
Report of a WHO Study Group. Pp. 47. (Geneva: 
WHO; London: HMSO, 1977.) Sw.fr. 6; $2.40. [217 

Economic and Social Commission for Asia and the 
Pacific. Committee for Co-ordination of Joint Pro- 
specting for Mineral Resources in Asian Offhsore Areas 
(CCOP), Technical Bulletin, Vol. 10. Pp. v+ 242. 
(Tokyo: Sumitomo Printing and Publishing Co.. 
Lid., 3-2 Kanda Jinbo-cho, Chiyoda-ku, 1976.) [247 

World Health Organization. Technical Report 
Series, No. 605: Chemotherapy of Solid Tumours-— 
Report of a WHO Expert Committee. 106. (Geneva: 
WHO; London: HMSO, 1977.) Sw. fr. 10; $4. {257 

Massachusetts Institute of Technology: Lincoln 
Laboratory. Technical Note 1977-24: Station 
Magnitude Bias--lts Determination, Causes, and 
Effects, By R. G. North. Pp. v+ 62. (Lexington, Mass.: 
Lincoin Laboratory, MIT, 1977.) [257 

World Health Organization. Technical Report Series, 
No. 607; WHO Expert Committee on Leprosy—-Fifth 
Report. Pp. 48. (Geneva: WHO; London: HMSO, 


1977.) Sw. fr. 6; $2.40, (267 
Unesco. Intergovernmental Oceanographic Com- 
mission, Technical Series No. 12: Oceanographic 


Products and Methods of Analysis and Prediction. 
Pp. 172. (Paris: Oecd, 1977.) [267 
United States Department of the Interior: Geological 
Survey. Professional Paper 1014: Late Quaternary 
Depositional History, Holocene Sea-Level Changes, 
and Vertical Crustal Movement, South San Francisco 
Bay, California. By Brian F. Atwater, Charles W. Hedel 
and Edward J, Helley, Pp, v + 15+ plate 1. (Washington, 
DC: US Government Printing Office, 1977.) {267 
Annual Report of the Inter-American Tropical Tuna 
Commission, 1976. Pp, 180. (La Jolla, California: 
Inter-American Tropical Tuna Commission, cjo 
Scripps Institution of Oceanography, 1977.) $2. [277 
Lawrence Livermore Laboratory. First Annual 
Report to the High Altitude Pollution Program. 
Frederick M. Luther: Principal Investigator. Pp. 48. 
(Washington, DC: US Department of Transportation, 
Office of Environmental Quality, 1977.) {277 
Australia: Commonwealth Scientific and Industrial 
Research Organization. Division of Soils Technical 
Paper No. 32: Some Aspects of Genesis of a Red Earth 
Profile at Townsville, Queensland. By R. Brewer and 
R. J. Coventry, Pp. 21. (Melbourne: CSIRO, 1977.) 
{287 


Government of India. Ministry of Health and Family 
Planning. Report of the Central Drugs Laboratory, 
ist April 1971 to 3ist March 1974. Pp. i+ 60. (Calcutta: 
Central Drugs Laboratory, 1976.) Rs. 14: £1.64; 
$5.04, (287 

Israel. The National Council for Research and 
Development Advances in Cloud Physics and Precipita- 
tion Stimulation in Israel. (2nd Israeli Symposium.) 
Pp. 97. Advances in Israel Research on Water Desalina- 
tion, (Lectures given by the Israeli Scientists at the 
International Desalting and Environmental Association 
Conference, held in Mexico City, Mexico, 24-19 
October, 1976.) Pp. 73. (Jerusalem: National Council 
for Research and Development, 1977.) ` {287 

Lautdusserungen und Lauterkennen bei Insekten 
(Grillen). Von Franz Huber, (Rheinisch-Westfalische 
Akademie der Wirsenschaften: Natur-, Ingenieur- und 
wirtschaftswissenschaften, Vorträge, N. 265.) Pp. 66. 
(Wiesbaden: Westdeutscher Verlag, GmbH., 1977.) 
DM 19,80. (297 

Philosophical Transactions of the Royal Society of 
London. B: Biological Sciences. Vol. 280, No. 970: The 
Formation of Muscle Scars in Articulate Brachiopods. 
By D. 1. MacKinnon, Pp, 1-12 + plates 1-11. UK £4.25; 
Overseas £4.40. Vol. 280, No. 971: Cranial Morphology 
of the Loxommatidae (Amphibia:Labyrinthodontia). 
By Eileen H. Beaumont. Pp. 29-101 +plates | and 2. 
UK £5.50; Overseas £5.70. (London: The Royal 
Society, 1977.) [48 

The Radiochemical Centre Limited, Amersham. 
Sixth Annual Report, for the year ended 3ist March 
1977, Pp. 18. (Amersham: The Radiochemical Centre 
Limited, 1977.) {48 

Philip Harris, Ltd. Science Education Equipment and 
Materials—Supplement and Price List. 1977. Pp, 60. 
(Shenstone, Staffordshire: Philip Harris, Ltd., 1977.) [58 

National Health Service Act 1966. Report of the 
General Practice Finance Corporation for the period 
Ist April, 1976 to 31st March, 1977, Pp. 18. (London: 
HMSO, 1977.) 35p net. [88 

Rowett Research Institute. Annual Report of Studies 
in Animal Nutrition and Allied Sciences, Vol. 32, 1976. 
Pp, 125. (Bucksburn, Aberdeen: Rowett Research 
institute, 1977.) £1.50. {88 

Philosophical Transactions of the Royal Society of 
London. A: Mathematical and Physical Sciences. Vol. 
287, No. 1337: The Six Roll Mill: Unfolding an Unstable 
Persistently Extensional Flow. By M. V. Berry and 
M. R. Mackley. Pp. !-16+ plates 1-5, (London: The 
Royal Society, 1977.) UK £1.85; Overseas £1.95. 
(London: The Royal Society, 1977.) [98 

Town and Country Planning Act 1971. Control of 
Office Development, Annual Report by the Secretary of 
State for the Environment and the Secretary of State for 
Wales for the year ended 31 March 1977. Pp. 8. (London: 
HMSO, 1977.) 25p net. [H8 

Second Report from the Select Committee on Science 
and Technology, Session 1976-77. A Case Study of a 
Machine Tool Development at the Cranfield Institute of 
Technology. Pp. xxiv + 132. (London: HMSO, 1977.) 
£3.60 net. [118 

Computers and Chemical Engineering, Vol. 1, No. 1, 
1977. Edited by Richard R. Hughes. Published quarterly. 
Pp. 1-100. Annual subscription: $64. Specially reduced 
rates to individuals whose institution takes out a library 
subscription: $30. (Oxford and New York: Pergamon 
Press, 1977.) (118 

Department of Energy. Freight Transport: Short and 
Medium Term Considerations. (Energy Paper No. 24.) 
(Advisory Council on Energy Conservation.) Pp. iv + 22. 
(London: HMSO, 1977.) £1.50. {158 

National Radiological Protection Board. NRPB-R62: 
Insignificant Levels of Dose—a Practical Suggestion for 
Decision Making, By G. A. M. Webb and A. S. McLean, 
Pp. 16. (Harwell, Didcot, Oxon: National Radiological 
Protection Board, 1977. Obtainable from HMSO, 
London.) £1. [158 

National Radiological Protection Board. Protection 
Against Ultraviolet Radiation in the Workplace. Pp. 16. 
(Harwell, Didcot, Oxon: National Radiological Protec- 
tion Board, 1977, Obtainable from HMSO, London.) 
40p. {178 

Council for National Academic Awards. Directory of 
First Degree Courses. Pp. 175. Directory of Postgraduate 
Courses, 1977-78. Pp. 84 (London: Council for National 
Academic Awards, 344/354 Grays Inn Road, WC], 
1977.) {178 

Annals of the ICRP, Vol. 1, No. 1: Radiation Protec- 
tion in Uranium and Other Mines. (ICRP Publication 
No. 24) Pp. 28. (Oxford: Pergamon Press, Ltd., 1977. 
Published for the International Commission on Radio- 
logical Protection.) £3.25. {178 

Philosophical Transactions of the Royal Society of 
London, B: Biological Sciences. Vol. 280, No. 972: The 
Changing Environmental Conditions in Great Britain 
and freland During the Devensian (Last) Cold Stage. A 
Discussion organised jointly for the Royal Society and 
the Royal Irish Academy by G. F. Mitchell, FRS, and 
R. G. West, FRS. Pp. 103-374 +4 I plate. (London: The 
Royal Society, 1977.) UK £18.75; Overseas £19.25. {178 

Meteorological Office. Annual Report for 1976. 
(Met.0,907) Pp. xiv+ 145. (London: HMSO, 1977.) 
£2.75 net. {188 

Proceedings of the Royal Irish Academy. Section A: 
Mathematical and Physical Sciences. Vol. 77, No. 3: 
Constructing Smooth Measures on Certain Classes of 
Paved Sets. By P. McGill, Pp. 31-34. 98p. Section B: 
Biological, Geological and Chemica! Science. Vol. 77, 
No. 4: Breccia-Pipes Associated with the Ardara Pluton. 
County Donegal. By W. J. French, Pp. 101-117. 84p. 
Vol. 77, No, 5: Contributions to the Lichen Flora of 
South-East Ireland—ll. By M. R. D. Seaward. Pp. 
119-134. 78p. Vol. 77, No. 6: The Genetics of Hatching 
in the Potato Cyst-Nematode Heterodera rostochiensis 
Woll, By H. El-Shatoury. Pp. 135-141. 47p. Vol. 77, 
No. 7: Pataeontological Evidence for the Age of the 
Lower Palaeozoic Rocks of the Slievenamon Inlier, 
County Tipperary. By J. R. J. Colthurst and D. G. 
Smith. Pp. 143-158+2 plates. 96p. (Dublin: Royal 
Irish Academy, 1977.) {198 
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Philosophical Transactions of the Royal Society of 
London. A: Mathematical and Physical Sciences. Vol. 
287, No. 1338: Damage Tolerant Fibre Reinforced Sheet 
Metal Composites. By 1. R. McColl and J, G. Morley. 
Pp, 17-43. (London: The Royal Society, 1977.) UK 
£1.60; Overseas £1.65, {198 

The Neutron Bomb. By Prof. Eric Burhop. Pp, 8. 
(London: The Campaign for Nuclear Disarmament, 
29 Great James’ Street, WCH, 1977.) [228 
_ Potato Marketing Board. Maincrop Potato Produc- 
tion in Great Britain, 1975-6. (An Investigation by the 
Potato Marketing Board into the Farm Types, Produc- 
tion Techniques and Materials Used in Growing Main- 
crop Potatoes in Great Britain.) Pp. 68.(Cowley, Oxford: 
Potato Marketing Board, 4 Between Towns Road, 
1977.) 75p. (228 

Monitoring and Assessment Research Centre of the 
Scientific Committee on Problems of the Environment, 
International Council of Scientific Unions. MARC 
Report No. 4: The Utility of the Nigerian Peasant 
Farmer's Knowledge in the Monitoring of Agricultural 
Resources. By David Barker, Julius Oguntoyinbo and 
Paul Richards. (A General Report). Pp. 53. £1; $2. 
MARC Report No. 5: Monitoring Tropical Forests-—a 
Review with Special Reference to Africa, By Timothy J. 
Synnott. (A Technical Report.) Pp. 45, £1; $2. (London: 
MARC, Chelsea College, 1977.) {228 

Rutherford Laboratory, RL-77-072/A: Quark-Parton 
Model Relations for the Hadronic Production Lepton 
Pairs and B’ S with Different Beam Particles. By F. 
Halzen and S. Matsude. Pp. 15. (Chilton, Didcot, Oxon: 
Rutherford Laboratory, 1977.) 

The Lister Institute of Preventive Medicine. Report 
of the Governing Body, 1977. Pp. 12. (Elstree, Herts: 
Lister Institute of Preventive Medicine, University of 
London, 1977.) {228 

The Acceptability of Risks: The Logic and Social 
Dynamics of Fair Decisions and Effective Controls. Pp. 
104. (Chichester: Barry Rose (Publishers), Ltd., in 
association with the Council for Science and Society, 
London.) [228 

In Defence of the NHS. Pp. 40, (London: Radical 
Statistics Health Group, c/o BSSRS, 9 Poland Street, 
London, W1, 1977.) 50p + iSp p&p. [258 

Factors which Influence the Success of Supervisory 
Training. By Don Bates and Dian Hosking. (Occasional 
Paper No. 5.) Pp. 64. (Watford: Engineering Industry 
Training Board, 54 Clarendon Road, t977.) £1.50, [228 

Progress in Crystal Growth and Characterization, Vol, 
1, No, 1, 1977, Pp. 1-91. Published as one volume of 
four parts per year. Editor-in-Chief: Dr Brian R. 
Pamplin, 1977 Subscription rate: $45 (including postage 
and insurance), Two year subscription (1977/78): 
$85.50. (Oxford and New York: Pergamon Press, wae 

The Handling, Storage, Use and Disposal on 
Unsealed Radionuclides in Hospitals and Medical 
Research Establishments. (A Report of Committees 3 
and 4 of the International Commission of Radiological 
Protection.) (Annals of the ICRP, Vol. 1, No. 2.) Pp. 46. 
(Oxford and New York: Pergamon Press, 1977.) rt 

Tobacco Research Council. Research Paper 14, Part 
1: Report on a Second Retrospective Mortality Study in 
North-East England. Factors Related to Mortality from 
Lung Cancer, Bronchitis, Heart Disease and Stroke in 
Cleveland County, with particular emphasis on the 
Relative Risks Associated with Smoking Filter and 
Plain Cigarettes. By G. Dean, P. N. Lee, G, F, Todd and 
A. J. Wicken. Pp. 95, (London: Tobacco Research 
Council, Glen House, Stag Place, SWI, 1977.) {258 

Annual Report for 1976 of The Medicines Commis- 
sion, the Committee on Safety of Medicines, the 
Veterinary Products Committee, the British Pharma- 
copoeia Commission, the Committee an the Review of 
Medicines, and the Committee on Dental and Surgical 
Materials. Pp. 95. (London: HMSO, 1977.) £1.60 eae 

Ministry of Agriculture, Fisheries and Food. Agricul- 
tural Development and Advisory Service, Technical 
Bulletin No. 18; Manual of Veterinary Parasitological 
Laboratory Techniques. Pp. v + 129. (London: HMSO, 
1977.) £3.50 net. [268 


Other Countries—August 


International Agency for Research in Cancer. Annual 
Report for 1976. Pp. 159. (Lyon: International Agency 
for Research on Cancer, 1976. Obtainable from WHO, 
Geneva; HMSO, London.) Sw.fr. 12; $4.80. ; {18 

US Department of Transportation: Federal Aviation 
Administration. Aircraft Emissions: Potential Effects on 
Ozone and Climate: a Review and Progress Report. By 
R. C. Oliver, with E. Bauer, H. Hidatso, K. A. Gardner 
and W. Wasylkiwskyj. (Report No. FAA-EQ-77-3. 
Final Report.) Prepared for High Altitude Pollution 
Program. (Washington, DC; US Department of Trans- 
portation, Federal Aviation Administration, Office of 
Environmental Quality, 1977.) N {18 

Spreading Deserts—The Hand of Man, By Erik 
Eckholm and Lester R. Brown. Pp. 40, (Worldwatch 
Paper No. 13.) (Washington, DC: Worldwatch insti- 
tute, 1776 Massachusetts Avenue, N.W., 1977.) $2. {18 

Siemens Forschungs- und Entwicklungsberichte/ 
Siemens Research and Development Reports, Bd. 7 
(1977), Nr. 4. Edited by Hans Suchlandt. Pp. 191-262. 
(Berlin and New York: Springer-Verlag, 1977.) {48 
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Facing up to demography 


THE United States is gradually, if painfully, coming to 
grips with the problems of discrimination within its 
society. Most liberal-minded people have gone along 
with much that has been done in the past fifteen years, 
even when initial efforts to reduce discrimination have 
not been sophisticated or quick-footed enough to avoid 
charges of reverse discrimination, as in the case of 
Allan Bakke, a white student with good grades excluded 
from the medical school of the University of California 
at Davis. Racial minorities, women, the handicapped— 
these are causes with which very few would disagree. 
But scientists, in particular, are having very mixed feel- 
ings about the plight of those most recently claimed to 
be discriminated against—the elderly. 

A bill that has just passed through the US House of 
Representatives with negligible opposition would pro- 
hibit mandatory retirement in private employment 
before the age of 70, and would prohibit mandatory 
retirement in the federal sector at any age (with excep- 
tions such as the police and firefighters). At present 
private employers may retire their staff at 65, the 
federal government at 70. These moves came about for 
two reasons, both connected with demographic changes 
which are progressively peopling the United States with 
older citizens (23 million are 65 or over at present, and 
31 million are expected to be so by the end of the 
century). First, the burden of social security payments 
is going up, yet the numbers of new workers is going 
down as the birthrate declines, so there are good 
actuarial reasons for wishing to postpone retirement. 
Second, the elderly are rapidly becoming a potent 
political force, of which politicians are becoming 
increasingly aware. 

The bind for scientists is this: that deep concern was 
already being expressed before the retirement bill ever 
surfaced over the way that university faculty employ- 
ment was moving towards a crisis. In 1979 there will be 
4.3 million American eighteen-year-o!lds, 60% more than 
in 1960. The course of university expansion in the 
1960s ensured that these young people would be well 
Catered for. But after 1979, the numbers will steadily 
decline until in 1990 there will be fewer than 3.5 mil- 
lion in this age bracket. Many universities will pre- 
sumably have to go out of business and elsewhere 
faculty will have to be trimmed. Things look particu- 


larly bad in the physical sciences; an NSF projection 
puts the number of faculty positions in 1985 at 25% 
less than the number in 1972. Nor can this attrition be 
taken care of solely by retirement. Vigorous recruitment 
over the past thirty years has ensured that there ‘is a 
predominance of young to middle-aged faculty members 
at present. So the prospects for the post-doctoral worker 
looking to get a toehold on the academic ladder already 
seemed bleaker than ever before. Nor should the posi- 
tion of the scientist working for the government be 
reckoned to be very different. Federal agencies have 
often followed very similar employment policies to those 
of the universities. 
The new retirement legislation would obviously 


compound these problems very seriously, so it is small 


wonder that academic employers have been lobbying 
hard for exemption this past week. They have so far 
met with some success in that the Senate Human 
Resources Committee, in endorsing the bill (which now 
goes to the Senate), has excluded universities from its 
provisions. But no one seems yet to have spoken up for 
the federal government laboratories, where scientists 
will, presumably, be able to go on working to any age 
they choose, 

Even if universities do emerge from the legislation 
relatively unscathed, there will still remain the urgent 
question of diminishing job prospects for the young. 
Richard Atkinson, Director of NSF, has recently made 
some fairly radical proposals (Chronicle of Higher 
Education, 28 March). These are that the government 
should facilitate more mid-career shifts for those who 
wish to depart early; that research institutes should be 
established close to or within universities to which 
senior academics could move, devoting more of their 
time to research and passing their teaching load on to 
newly employed junior faculty; and that industry should 
take greater advantage of the basic-research skills of 
senior academic scientists in some form of joint venture. 

All of these proposals are doubtless open to many 
and varied criticism, but we simply cannot afford the 
luxury of a lengthy and hair-splitting debate on the 
subject, Action is needed in the very near future, other- 
wise demography will be upon us and we will be res- 
ponding to the crisis in an arbitrary way. That would 
lead to an even worse form of discrimination. G 
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the end of the artificial night 





Sargun A. Tont, staff research associate at Scripps Institution 
of Oceanography, University of California at San Diego, 
offers a view on the study of solar eclipses 





ALTHOUGH the occurrence of a solar eclipse is one of the 
most precisely predicted phenomena in the entire solar 
system, the chances of its coinciding with clear skies are 
about as good as Mr Buckley’s inviting Mr Vidal for a 
transatlantic cruise on his yacht, or Bobby Fischer’s open- 
ing with a queen’s pawn. 

Although unfriendly weather is an important obstacle for 
eclipse lovers, it is far away from being the only one. 
Getting to the path of an eclipse usually turns out to be a 
problem that itself exercises a good bit of human ingenuity. 
For the past of a total solar eclipse seldom favours highly 
populated regions. There is no reason that it should, of 
course, yet the number of eclipse paths which run toward 
far-away places almost appears designed to test the limits of 
human curiosity. Not surprisingly, then, the traditional 
vehicles for eclipse expeditions have been mules, donkeys, 
camels, sledges drawn by Alaskan huskies, trains and, of 
late years, even chartered jets. In 1972, a novelty was 
added: a huge, luxurious ocean liner, the T.S.S. Olympia, 
carried 800 eclipse freaks 900 miles out into the cold 
Atlantic. 

The following paragraph from the New York Times of 
30 July 1972 explains my presence on that ship of fools, as it 
appeared to me at the start: 


A team from the Scripps Institute [sic] of Oceanography in La 
Jolla, California, would conduct an eclipse experiment possible 
only at sea; they would lower a 300-pound echo chamber over 
the Olympia's bow to determine whether the layer of micro- 
scopic ocean animals called plankton rises at night merely 
because it gets dark or because of an internal biological clock 
that would not be triggered by the extraordinary, sudden darkness 
of the eclipse. 

In short, an eclipse provides a sort of artificial night for 
testing this unique hypothesis. 

The ships may be more luxurious and larger, but the age- 
old problem of not being able to avoid undesirable situa- 
tions seems to remain the same. The problem in my case 
was 350 freelance writers who were looking for interesting 
angles, which primarily meant interviewing me, the expedi- 
tion leader, and my colleague and friend Dr Gerald 
Wick. However, as the big day approached, we were pretty 
much left alone, and I was able to take a closer look at my 
fellow passengers. They were a most interesting bunch. 
Astronaut Scott Carpenter, along with several members of 
New York high society, were there. So were secretaries, 
nurses, and several professional astronomers, 

People have responded to solar eclipses in a variety of 
ways. One king, Louis of Bavaria, was frightened to death 
by it. A solar eclipse stopped a battle between the Lydians 
and the Medes, and, as late as 1948, the Korean national 
elections were postponed, again because of an eclipse. 
American Indians have described eclipse as “the sun being 
very sick and going to bed”; and India’s Indians have inter- 
preted them as the sun being devoured by evil spirits. Our 
fellow passengers might have lost some of the fear which 
beset their early ancestors, but definitely not their reverence 
and enthusiasm. When I asked several of them how it felt 
to witness an eclipse. the answers were invariably the same: 
“There is nothing like it”. Like what? Few people seemed 
to know, or were prepared to say. Yet Leif Robinson, the 
associate editor of Sky and Telescope and a fellow passenger 


on board the Olympia, probably summed up best what it is 
about eclipses that forces us to follow them wherever they 
take us: “Every solar eclipse unfolds in a predictable way, 
only the details changing. It is the manner in which these 
subtleties of colour, brightness, and form are blended that 
gives each eclipse a flavour as distinct as vintage wine”. 
Conrad would have liked that. 

It did not take me long to discard my idea that the 
passengers were on this cruise to have a good time, in 
addition to watching the eclipse. It was the eclipse and the 
eclipse alone that they were after, and many, I am sure, 
would have swum the distance if that were the only trans- 
portation possible. Nevertheless, the entrepreneur of the 
cruise, Phil Siegler, a social scientist from New York, had 
also insured a full house by offering something called 
‘Science at Sea’. Courses ranging from astronomy to bird- 
watching were taught by astronomers, atmospheric 
scientists, Scott Carpenter and Leif Robinson. 

Nor, as it turned out, was our group the only one mixing 
pleasure with business. Milner Schaefer, the inventor of 
cloud seeding and a most charming man, was geared to 
record cosmic rays; and Dr Williams, of Yale University, 
passed out photocopied notices inviting all interested 
passengers to share their eclipse-related dreams with him as 
a part of his research project’. However, the most important 
scientist on board was the meteorologist whose primary 
function was to guide the ship to the most favourable (that 
is. cloud-free) location. Outfitted in a Scottish tweed jacket 
and impeccably shiny shoes, he entered into Ahab-like 
trances which never failed to command our closest atten- 
tion, and his least utterance about the weather was speedily 
relayed to the farthest corner of the vessel. 

Then it happened. It wasn’t what I expected. What sur- 
prised and fascinated me was not the sudden darkness 
which swooped down on us with the grace of a hammer- 
head entering a South-Sea lagoon, but the grasshopperesque 
chatter of cameras, all 799 of them. I suddenly realised that 
I might be the only one who was watching it—the rest were 
busy recording it for posterity, be it for a lecture demon- 
stration for an undergraduate astronomy class at Harvard, 
or for a slide show especially prepared for a maiden aunt 
and her boyfriend in Galesburg, Missouri. What a pity! 
Thanks to the camera, most people became the lovers of an 
illusion of reality, rather than of the reality itself. 

It is that time again and the faithful are getting ready to 
watch, on 12 October, the total solar eclipse which, accord- 
ing to reports, will be best viewed off the coast of central 
America (13° 42‘N 123° 07W). In order to accommodate 
the large number of applicants, Sitmar Lines is offering 
two ocean liners, along with such luminaries as Margaret 
Mead and Isaac Asimov. If you happen to be in the neigh- 
bourhood, take a look at it. It is some sight. 

As for our experiment’, in the finest scientific tradition, 
the results were rather ambiguous. Even though some of 
the organisms responded to the eclipse by migrating verti- 
cally, some did not. One of the results was totally un- 
expected: increased bioluminescent activity during totality. 
One can offer several hypotheses to explain this pheno- 
menon. but T am sure, to the eclipse lover, this was nothing 
more than the little bugs celebrating the joyous occasion. 





‘For the various scientific projects conducted during solar 
eclipses. see Solar Eclipse Bulletin 1-4 (National Science Foun- 
dation, Washington, D.C.; 1973). 

2 For the results of our experiment, see Deep-Sea Research 26, 
769-771; 1973. 
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Two decades of Soviet space 


Vera Rich looks at the Soviet 


space programme, twenty years old this week 


N 4 October 1957 the first artificial 

satellite, later to be known as Sput- 
nik 1, was launched as part of the Soviet 
contribution to the International Geo- 
physical Year. From the Soviet point 
of view, the date fell auspiciously 
close to the 40th anniversary of the 
October Revolution, and also in the 
centenary year of the birth of 
Konstantin Eduardovich Tsiolkovskii, 
‘the father of cosmonautics’. During 
the subsequent decade the Soviet 
space programme notched up an im- 
pressive number of ‘firsts’—first animal 
in space, first lunar impact, first circum- 
lunar probe, first man in space, first 
(and to date only) woman in space, first 
interplanetary probe, first automatic 
docking and separation. The USSR 
could even claim the first ‘space baby’, 
Elena, the daughter of cosmonauts 
Tereshkova and Nikolaev, whose 
healthy arrival did much to disperse 
alarmist fears of the genetic hazards of 
space flight. 

It was not until the late 1960s that 
the unbroken run of Soviet ‘firsts’ 
slowed down. Like the Apollo 8 
accident in the USA, the tragic death 
on 24 April 1967 of Vladimir Komarov, 
whose re-entry parachutes failed to 
open properly, put an end to the 
euphoria. The death a month before 
of Yurii Gagarin in a flying accident 
not only deprived the Soviet Union of 
its greatest living hero, but also appears 
to have caused a major change in 
policy. During her post-mission world 
tour, Tereshkova had told a press con- 
ference in Cuba that the Soviet moon 
team had already been picked and that 
Gagarin was to lead it. Since his death, 
no mention has been made of a 
manned lunar mission in the foresee- 
able future and, with the success of the 
US Apollo missions, the Soviet plan- 
ners have preferred to stress the con- 
siderable saving (up to 50%) effected 
by using unmanned rather than man- 
ned lunar probes. 

This stress on saving is not simply 
a face-saving excuse. The actual cost 
of the Soviet space programme is a 
closely guarded secret, but from the 
very beginning there was a strong body 
of feeling that whatever the cost might 
be, it was too high. A whole series of 
black jokes circulated, based on the 
resemblance of the word for meat 
(myaso) and the archaic name for the 
moon (mesyats), suggesting that the 
Shortages of the one were not uncon- 
nected with the rockets to the other. 
By 1960, Komsomolskaya Pravda had 
to launch a special campaign to quash 


such criticism. But public opinion had 
made its point; the comrade-in-the 
street was not prepared to accept pie- 
in-the-sky as a substitute for consumer 
goods on earth. Gradually it became 
standard practice 
space-missions as being “‘in the interests 
of the national economy’—a phrase 
which seems somewhat hard to justify 
(except in terms of serendipity) when 
applied to a Venus or Mars probe. 


Terrestrial applications 

A considerable proportion of Soviet 
launches do, of course, have terrestrial 
applications. The Meteor meteorological 
satellites, and the Molniya communica- 
tions satellites have proved invaluable 
in the opening up of Siberia, not the 
least of the advantages of Molniya 
being that it provides the solace of TV 
for workers on remote construction 
sites. Visual and infrared photography, 
from manned and unmanned satellites, 
has found a wide range of applications 
from oil-prospecting to fish-spotting. 
The Kosmos series of satellites, initiated 
in 1962 and now approaching the 1,000 
mark, covers a number of such applica- 
tions. The vagueness of the series title 
makes it an ideal cloak for any pur- 
pose the planners may wish to conceal. 
In the early days unsuccessful lunar or 
interplanetary probes were assigned a 
Kosmos number, while Kosmos 47 was 
probably an unmanned trial run for 
the manned Voskhod 1, which followed 
a week later. 

Initially one of the basic missions 
of the Kosmos programme was stated 
to be the monitoring of high-altitude 
nuclear explosions. Kosmos 5, in par- 
ticular, measured the decay of high- 
altitude radiation following the Ameri- 
can ‘Starfish’ nuclear test of 9 July 
1962. Happily the 1963 atmospheric 
test ban treaty rendered this part of the 
programme obsolete. There is little 
doubt, however, that the Kosmos series 
is not without its military applications; 
and the term Kosmos has also covered 
various ‘occasional’ experiments, in- 
cluding automatic docking, and tests 
on biological specimens. 

With the abandonment of any im- 
mediate plans for a manned moon 
mission, the Soviet manned space pro- 
gramme became centred on the concept 
of orbital space stations—the approach 
which had been favoured by Tsiolkov- 
skii himself. The first such station, 
Salyut 1, was launched in 1971. 
Although the success of the mission 
was overshadowed by the death of the 
second-shift crew during re-entry, the 
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Where it all began: Sputnik / 





Where the USSR is now: 
Soyuz 24 about to take off 


series continues, and this week’s anni- 
versary is marked by the launch of 
Salyut 6, as well as by the publication 
by the Crimean Astrophysical Observa- 
tory of a ‘catalogue’ of solar radiation 
of various wavelengths and a detailed 
spatial distribution of the temperature 
of solar flares, based on films taken 
aboard Salyut 4. 

According to Academician Georgii 
I. Petrov, the Salyut programme is a 
three-fold one—astrophysical observa- 
tions, surveying earth resources, and 
physical experiments associated with 
weightlessness. Already a number of 
interesting results have been reported 
on crystal growth and the cooling of 
liquid metals in weightlessness; in a 
recent Pravda interview Petrov sug- 
gested also that a space station would 
be a suitable base for producing speci- 
mens of ultra-high purity, 

He further suggested that such space 
Stations could well provide a base for 
a long-term moon expedition. He en- 
visaged a lunar-orbital station with a 
crew aboard; they would send down 
automatic probes and sampling devices 
to the surface of the moon, to make 
observations or bring back specimens 
as required. “I can see no reason”, 
Petrov remarked, “that would require 
man to make a long-term stay on the 
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moon”. He then proceeded, not sur- 
prisingly, to rule out any possibility of 
a manned Mars mission, largely on the 
grounds that the biological effect of 
long-term weightlessness is stil un- 
known. If weightlessness really presents 
such a danger, it seems a little remark- 
able that a Soviet manned ‘lunar’ 
mission would preferably be kept in 
orbit rather than allowed to benefit 
from the reduced but at least percep- 
tible gravity of the moon. 


No further 
For the moment, it would appear, 
Soviet man will venture no further 


than a circumterrestrial orbit. Not sur- 
prisingly, the “most interesting” future 
experiments which Petrov outlines will 


all be carried out by unmanned probes ; 


—the collection of highly rarefied ‘un- 
damaged primary meteorite material’, 
and the recovery of solid material from 
interplanetary space. Other exciting 
projects for robot probes include flights 
over the poles of the sun, and a deep- 
level descent into the atmosphere of 
Jupiter. And, said Petrov, the only sure 
way to solve the age-old problem of 
whether there is life on Mars is the 
automatic recovery of a soil specimen 
from the planet. It is here, incidentally, 
that Soviet expertise gained during the 
automatic moon programme will pay 
off. The specimens of lunar soil re- 
covered by the Luna probes were far 
smaller than those brought back by the 
Apollo crews, a fact which the US 
media were not slow to note and which 
the Soviet publicists played down by 
stressing the technological prowess 
behind automatic sampling. For Mars, 
however, automatic sampling will prob- 
ably antedate any manned mission by 
a number of years, while in the case 
of Venus, automatic sampling would 
appear essential. Similarly, a roving 
vehicle of the Lunokhod type could 
easily be redesigned as a Marsokhod, 
with only minor modifications to the 
Martian environment. 

To launch such missions, there are, 
according to Petrov, “‘lively discussions” 
about the possibility of a “reusable” 
launch craft similar, presumably, to 
the US Space Shuttle but possessing, if 
necessary, two returnable launch stages 


International cooperation 

One aspect of the space programme 
was not mentioned by Petrov—inter- 
national cooperation. That is the 
responsibility of his namesake, 
Academician Boris N. Petrov, the head 
of the Interkosmos programme, Inter- 
kosmos itself is the space research 
organisation of the Comecon block, 
launching the astrophysical /nterkosmos 
satellites (17 to date) and the Vertikal 
high-altitude rockets. However, the 
Soviet Union also has programmes of 
space cooperation with other countries, 
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Training in capsule recovery in water: 
normal Soviet style is over land 


notably France, India, Sweden, and the 
USA. The type of cooperation varies 
from country to country 

To date the Franco-Soviet pro- 
gramme has been the broadest based, 
and has included geodesy, aurora 
borealis/australis, and interplanetary 
particle flux experiments, as well as 
laser ranging to the moon, using 
French reflectors on Lunokhods 1 and 
2. A Swedish experiment on ultraviolet 
solar radiation was carried by /nter- 
kosmos 16 under an agreement with 
the Soviet Academy of Sciences, and a 
new cooperation agreement signed last 
month will provide for Swedish 
magnetosphere-plasma experiments to 


be carried by Soviet high-apogee 
satellites. 
The most significant cooperation 


agreement of the whole 20 years, how- 
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ever, was that between the USA and the 
Soviet Union, which culminated in the 
Apollo-Soyuz link-up of July 1975. The 
space age began in an atmosphere of 
mutual doubt between the superpowers 

the Soviet triumphantly, the USA 
fearfully assessing the propaganda ad- 
vantage of Sputnik 1. It took several 
years for even so innocuous a matter 
as the exchange of high-altitude mete- 
orological photographs to become a 
matter of practical politics. The 
political and psychological implications 
of space-flight are too large a subject to 
be dismissed in a paragraph; neverthe- 
less it may well be that détente on the 
one hand, and the growing concern with 
conservation and ecology on the other, 
are themselves as much a product of 
the space age as an Apollo capsule or a 
Venus descent craft. Eal 
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Digesting the food problem 


David Spurgeon writes from Ottawa on 
the impact of a symposium held in 
August to consider how Canada could 
best contribute in the future to the 
alleviation of world food shortages 





A SYMPOSIUM on the theme “Canada 
and World Food” has had the para- 
doxical effect of bringing to the fore 
some deep-seated concerns about the 
state of Canadian agriculture itself. 
Sponsored by the Royal’ Society of 
Canada and the Agricultral Institute of 
Canada, and featuring some leading 
figures of Canadian and US agriculture 
and foreign aid programmes, the meet- 
ing also brought into question some of 
the country’s official food aid policies. 

Some consensus was reached at the 
meeting. There seemed to be general 
agreement that the world food supply 
was precarious, but that world agri- 
culture was capable of producing 
enough food to meet demand in the 
near term. There also appeared to be 
general agreement with the idea that 
the world’s food security was a political 
and not an economic or scientific 
question. Too little emphasis was seen 
to be placed on agriculture by develop- 
ing countries. 

But the symposium also brought out 
wide differences of opinion on the 
effects of food aid and its consequent 
value to developing nations. On the 
Canadian position, for example, 
Gordon A. MacEachern, president of 
the Agricultural Economics Research 
Council of Canada. had alarming 
things to say. He maintained there had 
been “a serious deterioration in 
Canada’s agriculture-food industry out- 
put, trade, productivity performance, 
and a serious decline in our relative 
contribution to world food, compared 
to earlier periods and the performance 
of other net food exporters, most not- 
ably the United States”. 

Though others pointed out that 
Canada currently is the world’s second 
largest supplier of food aid. Mac- 
Eachern said there seemed 
little benefit in addressing the relatively 
attractive world food demand prospects, 
or the economic potential for Canada 
expanding its agriculture-food capacity to 
play a greater role in world food supplies, 
when its cost-price structure says it can’t 
compete. Pervasive voices from almost all 
segments of Canada’s agriculture and 
food industries are echoing these senti- 
ments, as are senior agricultural officials 
in Canada, suggesting that what is 
presently at stake is the very survival of 
our agriculture-food industries. 


MacEachern acknowledged that 
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Canada continues to enjoy a favourable 
trade balance in food, as it always has. 
But over the past 20 years the country’s 
food and feed exports have not kept 
pace with the growth of either the 
Canadian or the world economy or the 
growth in world food and feed trade. 
In the past five years, Canada has 
maintained a net export position for 
only a few commodities such as grain 
and oilseeds, and in these output and 


export performance have remained 
more or less static. 

One reason for this, said Mac- 
Eachern, is the steady growth in 


Canada’s food imports, two-thirds of 
which are similar to or the same as 
foods that can be grown in Canada. 
Other reasons included the artificial 
support of the Canadian dollar by the 
federal government, the high level of 
wage rates in the industry in Canada, 
and an effective level of protection of 
20-40%, for manufacturing industry, 
which further raised agricultural costs. 

Len Shebeski, dean of the University 
of Manitoba’s faculty of agriculture, 
quoted a pessimistic comment made in 
June by Dr Fred Bentley of the Uni- 
versity of Alberta’s soil science depart- 
ment, who is chairman of the board of 
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Indian wheat harvest: but how to assure supplies ? 
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trustees of the International Centre for 
Research in the Semi-arid Tropics 
(ICRISAT) in India. Without a mas- 
sive and well-coordinated effort to 
meet the needs of agriculture, he had 
said, Canada could become a food 
deficit nation before the end of this 
century. Shebeski disputed this. He 
believed that Canada’s agricultural 
potential was even greater than the 
65 and even 100% increase over 
present production others had sug- 
gested. He based his prediction on the 
possibility of doubling the land area 
devoted to agriculture and a 60% in- 
crease in yield per acre through im- 
proved management. Agricultural 
lands in Canada had the potential— 
with present technology—for “more 
than three times present production of 
field crops and more than ten times the 
present ruminant livestock produc- 
tion”. And these estimates could be 
revised upwards “if adequate moisture 
supplies in the more arid regions of 
western Canada could be assured.” 
Shebeski wondered, however, 
whether Canada ought to reach such 
production figures. “Because Canada, 


territorially, is the second largest 
country in the world, there has 
developed a popular belief—often 


voiced—that it is the bread basket of 
the world,” he said. 
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Those of us involved in agriculture know 
that this is a myth. An examination of a 
world map depicting the agriculture lands 
of the world shows that Canada’s com- 
ponent of the world’s present 3.6 billion 
acres of crop land is approximately 5% 
š . Canada’s strategic position in the 
current world food situation does not arise 
from a high tonnage of food outputs, but 
rather from the large proportion of her 
total production available for off-shore 


consumption, 

This production, he intimated, should 
not be relied upon freely by developing 
countries to fill their food shortages. 
The costs of claiming the 20 million 
hectares of potentially arable land of 
low fertility would be enormous. Crops 
produced would be modest in quantity 
and marginal or submarginal in profit- 
ability. The food produced would be 
thousands of miles from where it would 
be needed. 

As an alternative, Shebeski proposed 
that the Canadian government, 
through the International Development 
Research Centre (IDRC) or the 
Canadian International Development 
Agency, make available to developing 
countries the money it would cost to 
bring large areas of potential Canadian 
land into food production. This money 
could then be used to bring into pro- 
duction land areas with the agricultural 
potential of the Indus-Ganges- 
Brahmaputra plain of North India, or 
parts of Brazil, where experiments have 
shown production possibilities of more 
than 70 bushels per acre. He had 
struck on a note that was echoed in 
much of the conference: investments 
in food production to meet shortages in 
developing countries should be made in 


those countries rather than in 
developed ones. 
David Hopper, president of the 


IDRC, said food assistance should not 
be denied in cases of genuine emer- 
gency or hardship. But imports had in 
some cases in the past held domestic 
farm prices below levels that would 
have prevailed in the recipient coun- 
tries had the imports not been available, 
and this had destroyed the incentives 
to generate local increases in food 
production. Where the food aid was 
essentially free, its sale within the 
country by the recipient government 
had directly augmented national 
treasury resources, reducing the need 
to tax more heavily or to encourage 
larger savings for domestic investment 
programmes. That blunted incentives 
for local development, and removed 
any urgency to look further into 
measures to promote the more rapid 
development of indigenous farming. 
Fred Bentley proposed that, as a 
minimum, every food-deficient less- 
developed country should be required 
to increase the budget for agriculture 
by an amount at least equal to the 
value of food aid received, without any 
diminution in the percentage of the 


national budget already being allocated 
to the agricultural sector. Allternatively, 
recipients could add the funds to their 
population control programmes. But 
r. K. Warley, of the School cf Agri- 
cultural Economics and Extension kdu- 
cation at the University of Guelph, 
Ontario, defended food aid, saying it 
had served many purposes beyond pro- 
viding increased food supplies to 
hungry people in poor countries, in- 
cluding the general transter of re- 
sources to developing countries, sup- 
port of the balance of payments and 
thus muintenance of high rates of 
economic growth, and promotion of 
political stability and allegiances. Food 
aid, he said, should be used to ac- 
celerate agricultural and rural develop- 
ment, alleviate hunger in specific tar- 
get groups, and help build minimum 
stocks of basic foodstuffs. 

Frank Shefrin, director of the 
Canada Department of Agriculture’s 
international liaison service, summed 


up the magnitude of the world 
problem. He said that it was 
not enough to increase the 
production of food. There had to 


be increases in food production in 
the poorer countries and by the small 
farmers, so that imports of food would 
not exceed their means of paying. The 
food had to be produced where it was 
needed and get to those who need it. 
Just to stay at the present per capita 
food production, developing countries 
could require an annual investment in 
agriculture of about $20 billion, of 
which 60-70% would have to come 
from the countries themselves unless 
there was a substantial increase in 
capital assistance. 

Findings of the latest report of the 
International Food Policy Research 
Institute (IFPRI) in Washington were 
also revealed. Projecting food shortfalls 
of some 82 developing countries (con- 
taining roughly half the earth’s 
population) by comparing prospective 
food production if performance con- 
tinues in the next 15 years as it has 
in the past 15, IFPRI has come up 
with the following forecasts: 

@A total food grain deficit among those 
countries with less than $300 GNP per 
capita in 1973 of 70-85 million tons by 
1990 (12 million tons in 1975). 

@ A need for some 35 million metric 
tons over and above the projected 
production in 1990 just to provide for 
population increases in these countries 
(maintaining per capita consumption at 
1975 levels). 

®Potential shortfalls by 1990 among 
all developing countries included in the 
study of 120-145 million tons, a figure 
which approaches the total volume of 
world grain trade in recent years. 

@ A potential shortfall of 21-25 million 
tons by 1990 in India, which has al- 
most half the people in low-income 
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food deficit countries. To meet this, an 
increase in production of 34% a year 
would be required, compared to the 
historical 24%. 

@ Deficits of 6-8 million tons each for 
Bangladesh and Indonesia. For Bangla- 
desh. production would need to in- 
crease almost 44% a year compared to 
a historical rate of 14%. For Indo- 
nesia, the rate should be 44% instead 
of the historical 3%. 

@ A deficit of 18-21 million tons facing 
Nigeria, which would require 5-54% 
increase a year (historic rate 4%). 

© An increase to 34-4"% required in 
Sahel countries to avoid a shortage of 
34 million tons (historic rate —4%). 
@ To meet nutritional needs, most low- 
income food-deficit countries need an 
additional 4—-1% growth rate over and 
above those necessary to meet market 
demand. R) 
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Department store 


David Davies reports from Washington 
on the new US Department of Energy 


Tue Department of Energy, the twelfth 
Cabinet agency of the United States, 
comes into being on | October. Pro- 
posed by President Carter on 1 March 
of this year, the department will be 
headed by Secretary James Schlesinger. 
It will have almost 20,000 employees 
and a first-year budget of $10,400 mil- 
lion. An amalgam of several agencies, 
most notably the Energy Research and 
Development Administration (ERDA) 
and the Federal Energy Agency, the 
new department’s structure is a little 
unusual in that it is divided along 
functional lines rather than techno- 
logical lines. Thus technologies will 
move through different parts of the 
department as they progress from basic 
research through development and into 
commercial implementation. 
Responsibility for basic research will 
lie, in large measure, in the Office of 
Energy Research, which will manage 
basic science programmes both within 
the department’s own laboratories and 
in the universities. The Director of 
this office will be Professor John 
Deutch, a physical chemist from the 
Massachusetts Institute of Technology. 
Deutch, 39, is no stranger to the Wash- 
ington scene. In the 1960s he worked 
as a systems analyst in the Department 
of Defense, and consulted for the 
Bureau of the Budget. He has been 
a part-time member of the Defense 
Science Board, most recently as its 
Vice-Chairman. But he declares, 
indeed promises, that in several years 
time he will be back doing chemistry. 
In the meantime he will play four 
major roles. He will provide 
Schlesinger with technical advice on 
basic science issues. He will co-ordinate 





Research director : John Deutch 


MIT 


all the department’s basic research, 
some of which will obviously be done 
outside the immediate orbit of his 
office. He will be responsible for the 
well-being of all the department’s 144 
laboratories (excluding the weapons 
laboratories). And he will be respon- 
sible for the financial support of basic 
research. 

A very substantial fraction of the 
basic research money at present goes 
to high energy and nuclear physics, 
and clearly the future of this research 
is not too closely tied to immediate 
questions of energy policy. But in fiscal 
year 1977, $125 million was spent in 
basic energy research, divided roughly 
7:3 between governmental laboratory 
and university recipients. There is little 
doubt that this sum will rise sharply in 
the next few years; already federal 
financial obligations to energy R&D 
as a whole in fiscal year 1978 are seen 
as rising by at least 10%, in real terms 
over the 1977 figure. 

The department has an Under Sec- 
retary and six Assistant Secretaries on 
the technical side. Subject to confirma- 
tion, the Under Secretary, who will 
oversee all the programmes but have 
a special brief for energy conservation, 
is Dale Myers, at present a Vice- 
President of Rockwell International. 
Apart from basic research the Assist- 
ant Secretaries also cover energy tech- 
nology; resource applications, with 
responsibility for the commercial intro- 
duction of new technology; conserva- 
tion and solar applications, a contact 


point for individual inventors and 
small businesses; environment, with res- 
ponsibility for ensuring that pro- 


grammes comply with environmental 
health and safety regulations and with 
the authority to conduct related re- 
search; and defence programmes, 
directing nuclear weapons research and 
investigations into laser fusion. o 
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DNA bill delay 


RECENT moves on Capitol Hill have 
created further confusion in the al- 
ready contorted story of the various 
pieces of pending legislation to con- 
trol recombinant DNA research in 
the United States. In the House of 
Representatives, the bill drafted by 
Rep. Paul Rogers’ Health subcom- 
mittee was scheduled for considera- 
tion by the Commerce Committee 
last week and was not expected to 
run into much trouble. Commerce 
chairman Harley Staggers postponed 
consideration of the bill, however, 
and suggested that important amend- 
ments might be required. Further 
amendments have been proposed by 
other committee members. The 
chances that the bill will be approved 
by the committee and reach the floor 
of the House before the end of the 
legislative session have now 
diminished almost to zero. 

In the Senate the situation is more 
confusing. The Kennedy bill which 
was already running into trouble with 
Senators concerned about its bureau- 
cratic provisions has been removed 
from the legislative calendar. Senator 
Kennedy now proposes to set up a 
Study Commission composed of in- 
terested members of lay and scien- 


tific organisations to consider the best 


form of legislation. As a stopgap, 
a simple measure to give the NIH 
guidelines the force of law would be 
enacted. This would apparently con- 
tain no enforcement provisions but 
would apply to industry as well as 
government-financed research. The 
position of the bill recently drafted 
by Senator Gaylord Nelson, which 
is similar in many respects to the 
House bill (see Nature, 1 September) 
is not clear, although it does not now 
appear to be gathering sufficient sup- 
port for passage this session. 

In addition Senator Adlai Steven- 
son II, as chairman of the Sub- 
committee on Science, Technology 
and Space of the Senate Commerce 
Committee, has announced hearings 
on the effect of the proposed legisla- 
tion; at the same time he expressed 
strong misgivings about the pending 
bills and their effect on basic research 
and freedom of scientific enquiry. 

All these moves owe something to 
the lobbying efforts of some scientists 
and scientific societies, together with 
statements on the relative risks and 
benefits of recombinant DNA re- 
search from a number of scientific 
meetings over the summer. More 
battles are in store before legislation 
finally emerges. 

Sandy Grimwade 
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UK sweetener review 


The UK Food Additives and Con- 
taminants Committee is to conduct a 
full review of the regulations control- 
ling the use of artificial sweeteners in 
food. The committee, which falls under 
the aegis of four governmental depart- 
ments, will thus extend its present 
studies of saccharin and of Aspartame; 
it has published two reports on 
cyclamates in the past. 


Waste now, power later 


A three-member panel of the White 
House Council of Environmental 
Quality has, according to the New 
York Times, reported that an expan- 
sion of nuclear power in the United 
States should be made conditional upon 
a demonstrably safe method of con- 


taining nuclear waste. The verdict is 
seen less as a counter to President 


Tue field of molecular evolution deals 
largely with comparisons of the 
sequences of ‘informational macro- 
molecules—DNA, RNA and pro- 
teins. The first sequences that were 
available were of proteins: cyto- 
chromes c and haemoglobins, from 
different animals. The story is now 
familiar: the number and location of 
differences in corresponding amino 
acids were roughly proportional to 
the taxonomic separation of two 
species. For example, human and 
rhesus monkey haemoglobins differ 
in 12 locations; human and horse 
haemoglobins in 42; rhesus monkey 
and horse in 43. The differences 
between human and horse are not 
all in the same places, or of the same 
kind, as the differences between 
monkey and horse, thus showing that 
the three species have followed sep- 
arate evolutionary pathways. These 
findings expanded and accumulated 
for various families of proteins, and 
were extended into comparisons be- 
tween insects, green plants, yeasts 
and moulds. Various authors con- 
structed large ‘phylogenetic trees’ 
based on such findings. It became 
evident that a ‘molecular evolu- 
tionary clock’, ticking away through 
the aeons, left its imprint in terms of 
divergence between sequences. The 
clock did not always run at the same 
rate, but, in the main, the divergences 
roughly corresponded to the passage 
of time as judged by other criteria, 
such as the fossil record. 

But wait! The differences between 
proteins were merely the expression 
of changes in the base sequences of 


Carter’s energy plan than as an attempt 
to encourage work on waste disposal. 


IAEA reprocessing view 


Though it was generally accepted that 
the number of nuclear fuel reprocess- 
ing plants should be kept to a mini- 
mum, to prohibit them would probably 
lead to a result opposite of that in- 
tended, according to Dr Sigvard 
Eklund, the Director General of the 
International Atomic Energy Agency 
(IAEA). He was speaking at the IAEA 
General Conference’s 2Ist Regular 
Session in Vienna last week. Dr 
Eklund, who was appointed to his fifth 
consecutive term as director general, 
was also critical of those who wanted 
to eliminate the nuclear option. 


Accelerator approval 


Approval has come for the construc- 
tion of Brookhaven National Labora- 
tory’ss 200 GeV superconducting 


‘codes’. Quite often, two to four 
DNA molecules as reflected by the 
genetic code. And the genetic code, 
or amino acid code, is ambiguous in 
certain respects, because 18 of the 20 
amino acids have from two to six 
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codes for the same amino acid differ 
only in the third base of the nucleic 
acid codon that specifies the amino 
acid. So a change of one amino acid, 
as measured in a protein, could reflect 
more than one change in a gene. 
Various ‘educated guesses’ were pro- 
posed to calculate the actual numbers 
of such unknown changes. 

The discovery of procedures for 
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intersecting storage ring accelerator 
Isabelle. A joint US House-Senate 
committee last week authorised expen- 
ditures totalling nearly $200 million. 
The device will enable protons to be 
fired at each other with centre of mass 
energies well in excess of those avail- 
able elsewhere, providing detail on how 
and if the weak and electromagnetic 
interactions are unified. 


HSC report 


A broad-ranging Sl-page report from 
the UK Health and Safety Commission, 
published this week, details the work 
of the Commission and its Executive 
between their establishment in October 
1974 and January 1975 respectively and 
March last year. The Commission 
emphasises that legislation can play 
only a part in achieving the objectives 
of the Health and Safety at Work Act, 
and indicates in its discussion of future 
strategy what more can be done. 


rapidly determining the sequences of 
long segments of DNA molecules is 
going to revise all this. One such 
method came from Sanger’s group at 
Cambridge, and, more recently, the 
field has been galvanised by a chemi- 
cal procedure devised by Maxam and 
Gilbert at Harvard. Such sequences 
can be matched against a protein 
sequence, even a partial one, and the 
exact code for each amino acid can 
be ‘read off’. Furthermore, com- 
parisons of DNA sequences obtained 
from homologous regions in related 
organisms tell precisely which nucleo- 
tides have undergone change during 
the period of evolutionary separation. 
There are preliminary indications 
that the synonymous ‘third bases’ of 
codons may undergo such changes 
more frequently than the first two 
bases, which specify amino acids. 

New techniques, such as automated 
Edman degradation, are improving 
the accuracy of measuring amino acid 
sequences in proteins. A sequence 
between the 23rd and 30th residues 
in cytochrome c of Neurospora 
crassa, previously listed as -Gly-Glu- 
Gly-Gly-Asn-Leu-Thr-Gln- was found 
to be -Thr-Leu-Glu-Glu-Gly-Gly-Gly- 
Asn-. This was a bit of a shocker, and 
it called for some revision of evolu- 
tionary comparisons, but it is prob- 
ably an extreme case. Other re- 
evaluations, and an expansion of 
ideas on evolution, will stem from 
forthcoming studies of DNA mole- 
cules. These studies should shed new 
light on the question of ‘neutral’ or 
‘near-neutral’ evolutionary changes 
that occur in genes. 
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news and views 





Molecular basis of plant tumour induction 


from James A. Lippincott 


THE long sought tumour-inducing 
principle (TIP) produced by the bac- 
terium Agrobacterium tumefaciens and 
responsible for the transformation of 
normal plant cells to tumour cells 
(crown gall) seems now to be largely 
identified. This bacterium is known to 
cause transformation in a wide variety 
of plants when it infects wounded 
areas. Unlike cells of the nitrogen- 
fixing nodules induced by rhizobia, 
however, these tumour cells do not 
contain bacteria, and the bacterium 
needs to be present for only hours to 
a few days to induce tumours which 
will continue to proliferate in their 
absence. This growth autonomy is 
maintained in tissue culture where the 
tumours do not require hormones for 
growth, as do most normal tissues. The 
tumours also continue their character- 
istic growth when the  bacteria-free 
cultures are grafted on normal plants. 
This evidence suggested that a TIP was 
produced by the bacterium and could 
alter the growth and developmental 
potential of plant cells in an essentially 
permanent fashion. 

A major break in the problem came 
with the demonstration that tumori- 
genic strains of Agrobacterium carried 
a large (>110 x 10° daltons) circular 
extrachromosomal DNA element or 
plasmid, whereas several non-tumori- 
genic strains did not (Zaenen ef al. 
J. molec. Biol. 86, 109; 1974). One 
strain of Agrobacterium readily loses 
virulence when grown at 37°C 
(Hamilton & Fall Experientia 27, 229; 
1971) and this was shown to be 
accompanied by plasmid loss (Van 
Larebeke et al. Nature 255, 742; 1974; 
Watson er al. J. Bact. 123, 255; 1975). 
Genetically marked non-virulent 
strains of Agrobacterium had been 
found by Kerr (Nature 223, 1175; 1969; 
Physiol. Plant Pathol. 1, 241: 1971) to 
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acquire virulence after several weeks 
when co-inoculated on plant hosts 
along with virulent bacteria. This gain 
of virulence was also shown to depend 
on the plasmid and results from the 
transfer of a plasmid in planta from the 
virulent to the non-virulent strain 
(Watson et al. op. cit., Van Larebeke 
et al. Nature 255, 742; 1975). The 
necessity of the plasmid for tumori- 
genicity was thus firmly established. 
More conventional methods of plasmid 
transfer have since been developed and 
results from these tests fully support the 
initial findings (Levin et al. J. Bact. 
127, 1331; 1976; Chilton et al. Genetics 
83, 609; 1976; Kerr et al. Nature 265, 
560; 1977; Genetello et al. Nature 265, 
561; 1977). 

Direct evidence that the Agrobac- 
terium plasmid is the TIP or at least a 
major essential element of this concept 
has now been obtained. Chilton er al. 
(Cell 11, 263: 1977) have isolated DNA 
from normal and crown gall tumour 
tissue cultures and hybridised it with 
different restriction nuclease fragments 
of the Agrobacterium plasmid. Most 
plasmid fragments do not hybridise with 
either normal or tumour DNA. Two 
plasmid pieces, however, hybridise with 
tumour DNA but not normal DNA, 
indicating that the tumour cells have 
acquired plasmid DNA sequences as a 
consequence of the transformation pro- 
cess. About 20 copies of a 3.7- 
6x 10° dalton plasmid segment are 
estimated to be present in each tumour 
cell, sufficient information to code for 
about 10 different proteins. 

Further support for these results, 
obtained by hybridising RNA isolated 
from tumour cells and normal cells 
with nuclease fragments of the plasmid, 
is reported by Drummond et al. in this 
issue of Nature (page 535). RNA tran- 
scripts of one plasmid segment are 
found in the tumours but not in 
normal tissues and this segment is the 
same as one detected by DNA-DNA 


hybridisation experiments. This tran- 
scription of the transposed plasmid 
segment by the plant tumour cells 
suggests that it codes for one or more 
proteins which could have functional 
significance in inducing and/or main- 
taining the tumour syndrome. A major 
role of the bacterial plasmid, there- 
fore, is to contribute a segment ‘of 
new genetic information to the plant 
cell, and the translation of these plasmid 
genes in the plant, as suggested by the 
RNA transcripts, may be essential’ to 
the process. In many respects, there- 
fore, the crown gall transformation 
process seems to parallel the events 
which occur in the induction of animal 
tumours by viruses. i 

Several traits in addition to that 
essential for virulence have been local- 
ised on the Agrobacterium plasmid. The 
ability of the bacterium to utilise 
either octopine or nopaline, unique N* 
substituted derivatives of arginine, was 
shown to be highly correlated with 
virulence (Lippincott et al. J. Bact. 
116, 378; 1973) and loss or gain of the 
plasmid is accompanied by correspond- 
ing changes in utilisation of these com- 
pounds (Watson et al. op. cit; Van 
Larebeke et al. op. cit.). Typically, the 
tumours synthesise one or the other of 
these arginine derivatives and the deri- 
vative synthesised is the same as can be 
utilised by the strain which induced the 
tumour (Petit et al. Physiol. Veg. 8, 
205; 1970; Bomhoff et al. Molec. gen. 
Genet. 145, 177: 1976). A second 
plasmid gene is responsible for the 
ability to induce tumour synthesis of 
these compounds (Klapwijk er al. J. gen. 
Microbiol. 96, 155: 1976; Montoya et 
al. J. Bact. 129, 101, 1977). 

This remarkable ability of agrobac- 
teria to induce plants to synthesise com- 
pounds which the bacteria can utilise 
specifically as both a carbon and nitro- 
gen source may well provide the raison 
d'etre of this pathogen—host relation- 
ship. The finding that plasmid transfer 
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is greatly promoted in vitro by octopine 
(Kerr et al. op. cit.; Genetello et af. op. 
cit.) suggests that these compounds 
function similarly in the bacterium- 
tumour complex, promoting the plasmid 
exchange observed here. The tumours 
may thus provide both the stimulus and 
the nutritional requirement to accom- 
plish gene transfer in the agrobacteria. 
It is also proposed that the enzymes 
responsible for octopine or nopaline 
synthesis in these tumours might be 
coded by bacterial genes (Petit er al. 
op. cit.) and recent plasmid results 
suggest that one of the plasmid genes 
which is transcribed in the tumour 
could be involved. No agreement exists, 
however, as to whether these arginine 
derivatives are normal plant products 
or are present only in these tumours. 

Exclusion of Agrobacterium phage 
API (Van Larebeke et al. op. cit.) and, 
in some  nopaline-utilising strains, 
sensitivity to a unique bacteriocin 
of Agrobacterium strain K84 (agrocin 
84, Roberts et al. Nature 265, 379; 
1977) is determined by the plasmid 
(Engler et al. Molec. gen. Genet. 138, 
345; 1975; Watson et al. op. cit.). Selec- 
tion for resistance to agrocin 84 fre- 
quently results in plasmid loss or a 
deletion of portions of the plasmid 
essential for virulence. This has found 
practical application through use of 
strain K84 to control Agrobacterium 
infections in horticultural conditions 
(New & Kerr J. appl. Bact. 35, 279; 
1972). The plasmid also carries a gene 
which determines the ability of the 
bacterium to adhere to infection sites, 


an essential step in tumorigenesis 
(Whatley, dissertation, Northwestern 
Univ; 1977). 


At least two plasmid genes seem to 
be functional in the transformation 
process in addition to adherence, be- 
cause certain non-virulent strains 
which also carry a plasmid can increase 
tumour initiation when inoculated with 
virulent bacteria in conditions where 
bacterium-to-bacterium plasmid trans- 
fer is not observed (Lippincott et al. 
J. Bact. in the press). Indirect evidence 
suggests that the virulent bacteria pro- 
duce or induce a diffusible product 
other than the intact plasmid which 
permits tumour initiation by the non- 
virulent strain. Obviously, much has 
to be learned about the nature of the 
genes localised on .that part of the 
plasmid which is replicated in the 
tumours, as well as the genes and 
functioning of the much greater part 
of the plasmid which is excluded. The 
need for such a large plasmid is in 
itself an enigma. The possibility that 
Agrobacterium chromosomal genes are 
also directly involved in tumorigenesis 
is neither proven nor disproven. 

Tumorigenic agrobacteria may now 
be counted the first cellular organisms 
demonstrated to accomplish in nature 


the genetic engineering feat of transfer 
and stable incorporation of foreign 
DNA into a eukaryotic cell. These 
newer results also provide the first 
convincing indication that DNA from 
a prokaryotic cell may contain the 
appropriate base sequences to permit 
replication, transcription and possibly 
translation by the normal cellular 
machinery of eukaryotic cells. While 
important details of this transforma- 
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tion have yet to be established, the 
exciting prospects of genetic engineer- 
ing for the production of beneficial 
changes in crop plants assures that 
they will be forthcoming. The transfer 
of nitrogen-fixing genes of Rhizobium 
to the closely related agrobacteria and 
subsequently to various plant hosts is 
but one example of the possibilities 
which are already receiving attention 
(Science 196, 640; 1977). 


Are galactic y rays point 
sources or diffuse emission? 


from J. J. Quenby 


A WEALTH of positive results from the 
SAS2 and COSB satellites has firmly 
established the science of y-ray 
astronomy, although as recently as 
1970 the usefulness of making com- 
prehensive searches for these high 
energy cosmic photons was actively 
debated. However, while the informa- 
tion acquired is clearly significant, what 
is still not clear is exactly which branch 
of astrophysics is being served by the 
measurements. A letter by Hermsen 
et al. in this issue of Nature (page 494) 
illustrates the difficulties involved. 

y-Ray emission is expected from the 
galactic disk by virtue of the inter- 
action of cosmic rays with the residual 
matter in the interstellar medium. 
Although these charged, relativistic, 
cosmic ray particles may fill an ex- 
tended galactic halo region (see Nature 
268, 401; 1977), it is only in the 
galactic disk that sufficient hydrogen 
atoms, at a density of about 1cm™’, 
are encountered for detectable y-ray 
mission to occur. The ~’ mesons 
arising from the cosmic ray inter- 
actions decay into two y rays producing 
a broad spectrum of photons. Any 
variation in the galactic longitude dis- 
tribution of the resulting emission from 
the Milky Way should yield informa- 
tion on the spatial distribution of 
cosmic rays, provided the matter 
density is well established from other 
astronomical evidence. 

The surprise arising from the earliest 
detection of y rays from near the 
galactic centre by Kraushaar er al. 
(Astrophys. J. 1717, 341; 1972) on board 
OSO-1I1. was the unexpectedly high 
intensity, implying that cosmic rays are 
much more numerous at the centre 
than far out in the disk, near the Sun. 
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Maybe there are more cosmic-ray 
sources at the centre of the galaxy, but 
particle diffusion along the spiral arm 
magnetic fields needs to be well con- 
strained to maintain this apparent 
gradient in number density. The SAS 2 
y-ray detector provided the first com- 
prehensive survey of the galactic plane 
emission (Fichtel et al. Astrophys. J. 
198, 163; 1975) and the results show a 
reasonable correlation of y-ray in- 
tensity with matter density in the spiral 
arms lying between us and the galactic 
centre. Furthermore, some of the dis- 
crepancy between the observed flux 
and that expected if cosmic rays were 
uniformly distributed in the Galaxy has 
been removed by including in the 
matter density the amount of molecular 
as opposed to atomic hydrogen, as 
estimated in an analysis performed by 
Scoville and Solomon (Astrophys. J. 
187, L67; 1974). However, an increase 
of a factor of two in the cosmic ray 
intensity is still needed in the inner 
spiral arm regions (Stecker Phys. Rev. 
Lett. 35, 188; 1975). Moreover, at the 
Cosmic Ray Conference this August, 
several workers were concerned 
whether or not cosmic rays could 
actually easily penetrate the expected 
high magnetic fields within the dense 
clouds where molecular hydrogen is 
important (Cesarsky er al. and Strong 
et al. Plovdiv C.R. Conf. 1, 61, 55; 
1977). 

The ESA satellite COS B is devoted 
entirely to a y-ray detector constructed 
by six West European groups and data 
from this instrument have now provided 
more detail on parts of the galactic 
disk longitude distribution of emission. 
A particular feature of the results is 
the number of ‘point’ sources revealed 
in an incomplete survey with a 2.5° 
angular resolution. In 160° of longi- 
tude, Hermsen ef al. find 13 sources, 
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10 of which are COSB discoveries. 
Two sources, the Crab and Vela, are 
known pulsars in supernovae remnants, 
one is possibly the strong X-ray source 
Cyg X-3, but the other 10 have either 
a weak or no association with soft 
X-ray sources or radio pulsars. They 
may be point-like or emission regions 
up to 2° wide. One -may be associated 
with a source of hard. X rays seen by 
Ariel 5 (Coe et al. LAU Circ. No. 3003, 
1976). Hermsen and. colleagues stress 
that the y-ray sources contribute signi- 
ficantly to the overall y-ray luminosity 
of the Galaxy. Indeed, as pointed out 
by Strong et al. (/2th ESLAB Sym- 
posium, Frascati, 1977), removal of 
point sources leaves very little evidence 
for a diffuse galactic emission from 
and beyond the Perseus arm, just out- 
side 10 kpc from the galactic centre. 
It is tempting to conclude from the 
much increased fine structure seen in 
the COSB y-ray intensity distribution 
that point source emission dominates 
and that little information.on glactic 
cosmic ray motion can be gained by 
study of the disk photon. emission. 
Attacking the problem from 
other end of the spectrum, 


the 
the 


Imperial College group have suggested 
that at least 8 (maybe >16) galactic 
hard X-ray sources may plausibly be 
extrapolated into the y-ray region to 
account for a significant amount of the 
local y-ray intensity (Plovdiv C.R. 
Conf. 1, 152; 1977). However, con- 
ventional accretion models for X-ray 
sources involving essentially thermal 
heating processes have difficulty in 
explaining y-ray emission and a young 
pulsar model requiring electromagnetic 
acceleration would seem to be neces- 
sary, as invoked by Lamb er al. 
(Astrophys. J. 212, L63; 1977) to ex- 
plain possible y-ray production in Cyg 
X-3, 

Until the contribution of point 
sources to the galactic disk emission 
is resolved, y-ray astronomers cannot 
know whether they are chiefly con- 
tributing to knowledge of cosmic ray 
motion in the Galaxy or studying an 
important class of high energy photon 
sources involving non-thermal particle 
acceleration. Better angular resolution 
and sensitivity throughout the hard 


X-ray and y-ray detector range is 
required to resolve this particular 
problem. g 


Polarisation in quasars 


from F. Graham Smith 


THe famous quasar 3C 273, which was 
the first to be shown to be both a 
radio source and an optical object 
with large red-shift, has been studied 
by every conceivable technique at 
radio, infrared, optical and X-ray 
wavelengths. It has spatial structure, a 
complex spectrum and polarisation, all 
of which vary with time scales between 
days and years. The physical processes 
behind these variations are practically 
unknown, and observers must some- 
times despair of the possiblity of mak- 
ing the key observation which will lead 
to an unravelling of the complex knot 
of behaviour. The paper from the 
Crimean Observatory (in this issue of 
Nature, page 493) puts a little order 
into the great variety of behaviour by 
showing that some of the radio and 
optical variations are related. The 
work has involved measurements of 
polarisation, both optical and radio, 
which have been difficult to make and 
which were for some time in doubt. 
Variations in radio flux from 3C 273 
were well known in 1966. They are 
most marked at short wavelengths: at 
40cm not much happens, but at 2cm 
the flux density varies by a large 
factor. The spectra of several quasars 
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show these variations, which indicate 
an activity close to the core of the 
quasar, giving a rapid rise in radio 
emission first at short wavelengths and 
later, with less intensity, at longer 
wavelengths. Aller and Haddock at 
Michigan found that these variations 
were accompanied by changes in radio 
polarisation. 

Optical polarisation was naturally 
searched for at this time, and indeed 
there was already a positive result by 
W. Liller in 1963, who reported ver- 
bally to the American Astronomical 
Society. Appenzeller concluded in 1968 
that there was 0.26% linear polarisa- 
tion, probably of interstellar origin. 
Results from the 2.6m Crimean teles- 
cope then suggested the existence of 
circular polarisation, but at such a low 
level that the techniques were ques- 
tionable. The observations were made 
at the coudé focus after several reflec- 
tions, which easily create spurious 
polarisation. In 1972 these observations 
were restarted at the Cassegrain focus, 
with a more symmetrical optical 


system and checks with stars with well 7 


established circular polarisation showed 
a measuring accuracy of 0.01%. Both 
radio and optical observations of 
polarisation are achieving truly re- 
markable sensitivity. 





467 


3C 273 has an optical jet, a detached 
radio source (A) and a central source 
in which the radio object 3C 273 B has 
at least three components with milli- 
arcs diameters. Recent long baseline 
inteferometer measurements (Legg et 
al. Astrophys. J. 211, 21; 1977) show 
that the radio variability is concen- 
trated in one of these three com- 
ponents, on the NE (anti-jet) side of 
the nucleus. Assuming that the radio 
emission is synchroton, the magnetic 
field in this component appears to be 
about 10°? gauss (10°° T). This field is 
very low in comparison with the stellar 
surface fields usually responsible for 
circular polarisation and it seems un- 
likely that this variable radio source 
can be the origin of circularly polarised 
optical emission. This must instead be 
related to the nucleus where much 
stronger magnetic fields might be 
encountered. Presumably the linear 
polarisation which is now observed to 
vary also originates in the nucleus. 

The interesting aspects of the obser- 
vations now reported are the rapidity 
of the variations both at radio and 
optical wavelengths, and the connec- 
tion they seem to give between the NE 
radio component and the nucleus, If 
the results can be confirmed they 
should give a more coherent picture of 
the way in which the nucleus is pump-. 
ing energy into the outlying sources, 
which is a crucial question in the 
origin of the extended radio sources 
frequently associated with quasars and 
radio galaxies. i) 


Electrophysiology 
of the hypothalamus 


from J. L. Barker 


A symposium on the Electro- 
physiology of the Hypothalamus was 
held at Hemingford Grey House in 
Cambridge on 24-26 July in con- 
with the 27th Inter- 
Physiological Congress in 


junction 
national 
Paris. It was organised by R. Dyer 


(ARC Cambridge) and R. Dyball 


(ARC Cambridge). 


THE hypothalamus is associated with 
many bodily functions including auto- 
nomic reflexes, feeding and sexual 
behaviour, 
anterior 

regulation 


thermo 
metamor- 


pituitary activity, 
and probably, 
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phosis and hibernation. The symposium 
produced illuminating discussion on 
the electrophysiological basis of these 
involuntary activities crucial to the 
survival of the animal. 

The initial aim of those in the field 
has been to correlate specific circuits 
with specific functions. However, un- 
like the cerebellum, cortex and hippo- 
campus, where considerable circuitry 
has been delineated but where function 
remains unclear, the hypothalamus is 
replete with many short-range neur- 
ones and complex connectivity, mak- 
ing simple correlation of excitability 
with specific functions exceedingly dif- 
ficult. In spite of this many of the 
contributors to the symposium at- 
tempted this correlation. 

Those investigations focused on the 
magnocellular nuclei in the hypo- 
thalamus have achieved some measure 
of success, owing to the apparent 
homogeneity of magnocellular neur- 
ones and their dominant projection to 
the posterior part of the pituitary. Two 
populations of neurosecretory cells in 
these nuclei synthesise, transport and 
secrete vasopressin and oxytocin into 
the peripheral circulation to regulate 
plasma osmolarity and various types 
of smooth muscle contractility. The 
long projections of the cells have been 
used to locate the parent cell bodies in 
the nuclei, since electrical stimulation 
of the terminal causes ‘antidromic’ 
activation of the cell bodies, thus in- 
dicating whether the neurone recorded 
from projects to the posterior pituitary. 

Significant contributions to the physi- 
ology of these neurosecretory cells 
have been derived from experiments 
using natural stimuli. These studies 
show that one population of neurones 
is induced to fire in a characteristic 
‘phasic’ manner following circulatory 
compromise while another group is 
activated by suckling pups (J. D. Vin- 


cent and D, Poulain, University of 
Bordeaux; Dyer, Dyball and J. B. 
Wakerley, ARC Cambridge; D. W 


Lincoln, University of Bristol; J. J. 
Dreifuss, Ecole de Médicin, Geneva: 
H. Yamashita, State University of 
New York, Brooklyn). The former 
are assumed to be vasopressin-secreting 
neurones, while the latter are con- 
sidered to be oxytocin-secreting cells, 
because the two different stimuli have 
been shown to release in a specific 
and independent manner each of the 
two neurohormones. Thus, two popula- 
tions of neurones in the magnocellular 
nuclei have been tentatively identified 
by their electrophysiological responses 
to natural stimuli. The presumed vaso- 
pressin cells seem to generate phasic 
activity independent of each other, 
while the presumed oxytocin neurones 
fire high-frequency bursts in a syn- 
chronised manner. Not yet established 
is whether the phasic firing pattern is 


a latent, endogenous property of these 
cells which is activated with appro- 
priate stimuli, as happens in a variety 
of invertebrate neurosecretory cells, or 
whether the pattern is synaptically 
derived. Likewise, the synchronised 
burst of oxytocin neurones may re- 
present electrical coupling among the 
elements, as occurs in some invert- 
ebrate neurosecretory cells, or it may 
reflect common synaptic input. Definite 
relationships between hormone release 
and electrical activity were demon- 
strated by Dyball, Lincoln and K. Boer 
(Netherlands Institute for Brain Re- 
search, Amsterdam), all of whom 
showed that clustering of spike activity 
into phases or bursts produces consider- 
ably more neurohormone output than 
random, unclustered spike activity. 
Some clue to membrane mechanisms 
underlying this facilitated, pulsed re- 
lease is suggested by studies on inverte- 
brate neurosecretory cells which show 
that the conductance responsible for 
spike repolarisation accommodates 
during bursts (J. L. Barker and T. 
Smith, National Institutes of Health, 
Bethesda), thus progressively prolong- 
ing individual spikes in a burst and 
allowing facilitated entry of Ca’? and 
release of neurotransmitter or neuro- 
hormone. Pulses of oxytocin are 
apparently necessary for lactation, since 
a constant, low level of hormone is 
ineffective. 

Although considerable effort has 
been expended on the parvicellular 
elements in the hypothalamus, most 
notably by L. P. Renaud (McGill Uni- 
versity, Montreal), R. L. Moss (Uni- 
versity of Texas, Dallas), B. Dufy 
(University of Bordeaux), M. C. Harris 
(University of Birmingham) and K. 
Yagi (Jichi Medical School, Tochigi- 
Ken), definite conclusions regarding 
the roles of these cells in hypothalamic 
function have yet to be made. This 
impasse derives mainly from the inter- 
connectivity of the cells, as well as a 
lack of systematic identification of 
recorded cells by combined marker 
stains and  immunohistofluorescence 
techniques. The complexity and lack 
of clear organisation among these 
hypothalamic elements has caused im- 
mense difficulties in specifying the 
circuits and electrophysiological bases 
of thermoregulation, sex, autonomic 
and nutritive behaviour. Some progress 
has been made by E. T. Rolls (Uni- 
versity of Oxford) who has demon- 
strated hypothalamic units specifically 
responding to visual stimuli conveying 
information about food. Mapping of 
those units conveying information 
about central and peripheral tempera- 
ture is being done by those interested 
in thermoregulation, including R. F. 
Hellon (National Institute for Medi- 
cal Research, London), D. Ford (St 
Bartholomew’s Hospital, London), 
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J. A. Boulant (Ohio State University, 
Columbus), and J. T. Stitt (Yale Uni- 
versity, New Haven). Another line of 
research, using the push-pull cannula 
method to apply to, and sample from 
the hypothalamus various neuroactive 
substances, has revealed some of the 
substances released during specific 
behaviour (R. D. Myers, Purdue Uni- 
versity, West Lafayette. 

One may conclude from this sym- 
posium that the understanding of the 
cellular basis of assorted hypothalamic 
functions is fragmentary at best, and 
that although definite progress has 
been made, far more research, making 
use of natural stimuli and multi- 
disciplinary approaches, is required to 
begin to unravel what is certainly an 
immensely complex area of the 
nervous system. 3g 


Identifying 
carcinogens 


from Alastair Hay 


An Ecotoxicology Workshop was 
held at the University of Surrey 
from It July to 5 August under the 
auspices of the Eco-Sciences Panel 
of NATO. The third week of the 
workshop was taken up by an Inter- 
national Symposium on Industrial 
Toxicology—the seventh such meet- 
ing held at the University of Surrey. 


Some of the problems in identifying 
possible carcinogens were exemplified 
during the workshop by work pre- 
sented on the azo dye butter yellow (1) 
and the 2.3,7,8-tetrachlorodibenzo-p- 
dioxin (TCDD) released in the Séveso 
accident. Butter yellow is a known 
liver carcinogen whereas TCDD is as 
yet only under suspicion (see Nature 
258, 2: 1975) but reports of the 
behaviour of these chemicals in the 
tests currently used to identify poten- 
tial carcinogens well illustrate the 
problems involved. 

Because animal studies are expensive 
and take a long time much work has 
been done on developing reliable short- 
term tests for initial screenings. But in 
view of the large number of com- 
pounds jockeying for attention, pre- 
selection of chemicals to be submitted 
to the screen on the basis of structural 
and physicochemical resemblances to 
known carcinogens is an attractive pro- 
position. This is the approach advo- 
cated by a group of workers at ICI and 
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at the workshop John Ashby and his 
colleagues (ICI, Alderly Park) reported 
experiments testing the effects of struc- 
tural modifications of butter yellow on 
its performance in one of the short- 
term tests. 

Butter yellow gives a predominantly 
negative response in the Ames test 
(which tests the ability of a chemical 
to cause mutations in bacteria). It does, 
however, give a reproducible positive 
response in the Styles cell transforma- 
tion test (Br. J. Cancer, in the press). 
The 3-methy! analogue (H) reported to 
be non-carcinogenic in animal studies 
proved negative in this test as well, as 
might be expected on theoretical 
grounds. The 3-methy!l group forces a 
change in the angle of the NMe. group 
with respect to the benzene ring. This 
would reduce or abolish the stability 
of the nitronium ion thought to be 
involved in the binding of compounds 
such as (1) to DNA (Lin et al. Cancer 


Res. 35, 844; 1975). To check the 
importance of the angle change in the 
carcinogenic deactivation of (II) Ashby 
et al. synthesised and tested the in- 
doline (IHI). Here the overall substitu- 
tion pattern is the same, but by join- 
ing the 3-methyl group to one of the 
NMe: groups planarity between the 
nitrogen base pair of electrons and the 
benzene ring is restored. 

In the Styles assay (III) was positive. 
So far no derivatives of the indoline 
have been tested in vivo for carcino- 
genicity, but these results suggest that 
it might be a liver carcinogen. If this 
turns out to be true it would strengthen 
the theoretical basis for the difference 
in activity between (1) and (ID. 

Curiously the NEt. analogue (IV) of 
butter yellow is reported to be non- 
carcinogenic, whereas the 4’-ethyl 
analogue (V) is a carcinogen. The 
small structural change involved in the 
addition of an ethyl group to (IV) 
would hardly be expected to reintro- 
duce carcinogenicity if a fundamental 
principle were involved in the activity 
of (IV). Needless to say both (IV) and 
(V) were positive in the Styles assay. 
This suggests that either (IV) has been 
inadequately tested in animals for car- 
cinogenicity, or that perhaps some 
nonspecific and secondary mechanism 
such as its solubility, or transport into 
the cell prevented it from producing 
tumours in vivo. The Styles assay 
clearly predicts (IV) as a potential car- 
cinogen, and surely represents an effi- 
cient short-term test. But the Styles 
assay does fail to predict $-napthyl- 
amine as a carcinogen whereas this 
compound produces a positive response 
with the Ames test. Clearly both tests 
are necessary for a screening net of 
finer mesh. 

TCDD presents a more complex 
problem. It is a planar tricyclic aroma- 
tic compound (VI) said to be chemic- 
ally similar to many polycyclic 
hydrocarbon carcinogens which bind 
to DNA directly or through the forma- 
tion of a metabolite (Poland & Kende 
Fedn Proc. 35, 2404; 1976), or to the 
acridines which intercalate in DNA 
(Hussain et al. Ambio 1, 1; 1972). In 
fact the chemistry of TCDD is not like 
that of the known carcinogens. Where- 
as the carbon atoms which bridge the 
benzene rings in the tricyclic aromatic 
carcinogens form part of a conjugated 
bond system, this is not true of the 
oxygen atoms in TCDD. The oxygens 
do not conjugate to the benzene rings. 
From a structural point of view, there- 
fore, TCDD would not be expected to 
be a carcinogen. The possibility exists, 
however, that ring epoxidation may 
occur in vivo to convert it into a poten- 
tial carcinogen. But the metabolism of 
TCDD, if it does occur, is very slow 
(Piper et al. Environ, Health Perspect. 
5, 241; 1973). 
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From the evidence available it seems 
that TCDD is not mutagenic in all 
bacterial systems. It is reported to be 
mutagenic in Escherichia coli Sd-4 
(Hussain et al., op. cit.) and Salmonella 
typhimurium TA 1532 (Hussain et al., 
op. cit., Seiler, Experientia 29, 662; 
1975) but not in the S. typhimurium 
strain TA 1530 (Hussain er al, op. 
cit.). Ames and Yamasaki (quoted in 
Poland & Kende, op. cit.) were unable 
to demonstrate reversion of specific 
mutant strains of S. typhimurium by 
TCDD treatment. 


The only animal study to test “the. a 


carcinogenic potential of TCDD’ so 
far reported is that of Van Miller and 
Allen (Fedn Proc. 36, 396; 1977). 
These authors report that in rats 
TCDD causes carcinomas of the kid- 
ney, liver and skin as well as angio- 
sarcomas. This is a disturbing claim 
which urgently requires confirmation. It 
is fortunate, therefore, that two other 
animal studies are nearing completion 
—those of the Dow Chemical Com- 
pany and US National Cancer Insti- 
tute. Their results are awaited eagerly. 

It should perhaps come as no sur- 
prise that the clinical data on TCDD’s 
potential mutagenic or carcinogenic 
properties are mixed. G. Reggiani (Hoff- 
mann-La Roche, Basle) reviewed the 
clinical picture of 800 cases of pre- 
sumed TCDD exposure in workers— 
all of whom developed chloracne-—— 
exposed to the chemical during’ the 
production of 2,4,5,-trichlorophenol. 
The frequency of chromosomal abnor- 
malities in these workers and their 
families is no greater than the statis- 
tical norm. As for the incidence of 
cancer, the evidence from two factory 
studies at the Spolana plant (Czech- 
oslovakia) and BASF site (Germany) 
suggests that the rate is not increased 
in workers exposed to the dioxin. 

Claims to the contrary come from 
Vietnam. An increase in liver cancer 
in individuals exposed to the herbicide 
2,4,5,-T in which TCDD is present as 
a contaminant may be attributable to 
the dioxin (Tung reported in Galston 
Nature 258, 2; 1975). A preliminary 
study by Tung et al. (Vietnamese 
Studies 29, 53; 1971) also reports an 
increased incidence of chromosomal 
abnormalities in the victims of herbi- 
cide spraying. The Vietnamese study 
has been criticised (Effect of Herbicides 
in South Vietnam, National Academy 
of Sciences, 1974) as being statistically 
inadequate. It is being repeated, but on 
a larger scale. 

G. Tognoni (Mario Negri Institute, 
Milan) found the Vietnamese reports 
disturbing. Although no evidence of 
chromosomal abnormalities has so far 
been observed in the Séveso population 
he was far from optimistic about their 
long term health prospects. 

There is obviously an urgent need 
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to resolve the question of whether or 
not TCDD is a potential carcinogen. 
The Van Miller and Allen study is the 
only one so far which claims that it is. 
Their claim needs to be supported by 
experiments in other animal species. 
Other short term tests could also be 
applied; the results from these could 
perhaps clear up the conflicting 
evidence. 3 


Degradative plasmids 


from J. R. Saunders 


Members of the bacterial genus 
Pseudomonas are renowned for their 
capacity to utilise an enormous range 
of compounds as energy and carbon 
sources. Over the past few years it has 
become clear that the ability of these 
organisms to degrade certain exotic 
substrates is specified by genes borne 
on plasmids. A variety of such 
‘degradative plasmids’, some of which 
are self-transmissible, has been 
identified (see Chakrabarty A. Rev. 
Genet. 10, 7; 1976). Thus plasmids can 
confer on host pseudomonads the ability 


to break down naphthalene (NAH 
plasmid), salicylate (SAL plasmid), 
camphor (CAM plasmid) n-octane 


(OCT plasmid) and toluene and xylenes 
(TOL plasmid). 

TOL plasmids carry the genes en- 
coding the degradation of benzoate and 
m and p-toluates by way of the meta 
(a-ketoacid) pathway in P. putida. A 
functional meta pathway is also speci- 
fied by other degradative plasmids. It 
involves a single set of enzymes 
allowing growth on a wide range of 
hydrocarbons, aldehydes, alcohols and 
carboxylic acids, all of which may 
present themselves as potential sources 
of nutrition in the wild. Furthermore, 
the location of the genetic determinants 
for the meta pathway on plasmids 
increases versatility by assisting the 
spread of the degradative trait in the 
bacterial population. In common with 
many other saprophytic pseudomonads, 
P. putida possesses an alternative route 
for dissimilation of benzoate, the ortho 
(B-ketoadipate) pathway. The ortho 
pathway is chromosomally determined 
and like the mera pathway initially 
involves the oxidation of benzoate to 


catechol Subsequently the pathways 
diverge: the ortho pathway requires 


the conversion of catechol to cis-cis 
muconate by catechol 1,2 oxygenase, 
the product in this case being the 
inducer for the enzyme. In contrast 
benzoate itself probably initiates ex- 
pression of the mera pathway by 
inducing catechol 2,3 oxygenase which 
J. R. Saunders is a 


Department of 
of Liverpool. 


lecturer in the 
Microbiology. University 





converts catechol to hydroxymuconic 
semialdehyde. Consequently when the 
genes for both pathways are present, 
as in a Tol’ strain of P. putida, 
benzoate is preferentially degraded by 
the plasmid-coded meta pathway and 
not the chromosomal! ortho pathway. 
way. 

Ironically Mike Worsey and Peter 
Williams (J. Bact. 130, 1149; 1977) 
have found that some strains of 
P. putida grow faster on benzoate 
when using the ortho pathway. Thus 
growth of such strains on benzoate 
exerts a selective pressure for loss of 
Tol function. This may be by elimina- 
tion (curing) of the entire 78 Mdal 
TOL plasmid or by deletion from the 
plasmid of a specific segment of about 
27 Mdal which encodes all or part of 
the TOL pathway (Bayley et al. Molec. 
gen. Genet. 154, 203; 1977). Growth on 
benzoate can also select for strains 
which have an intermediate (B3) 
phenotype. These can still grow on 
toluene, m-xylene and benzoate but are 
incapable of using m-toluate. Strains 
of the B3 phenotype apparently possess 
a regulatory mutation which blocks 
induction of meta pathway enzymes by 
benzoate and m-toluate but enables 
induction by toluene and m-xylene. It 
is envisaged that early enzymes for 
utilisation of m-toluate and benzoate 
are positively controlled by two 
separate regulators, one of which 
interacts with the inducers toluene and 
m-xylene, whereas the other (lacking 
in strains of B3 phenotype) interacts 
with benzoate and m-toluate. Further 
studies on the genetic regulation of this 
and other degradative pathways 
promise to be of great interest. 

Peter Williams and coworkers at the 
University of Wales. Bangor, in 
collaboration with Paul Broda’s group 
at the University of Edinburgh have also 
characterised the plasmids in thirteen 
Tol pseudomonads isolated from soil 
samples in different geographical loca- 
tions (Duggleby ef al. J. Bact. 130, 
1274: 1977). They have assigned the 
TOL genes to a number of plasmid 
species in different organisms. Interest- 
ingly five of these plasmids are 
indistinguishable on the basis of their 
molecular weights (all about 77 Mdal) 
and gel electrophoresis profiles after 
endonuclease digestion. One member of 
this apparently homologous series of 
plasmids was resident in a strain 
isolated in Japan whereas the other 
host strains were found in Wales. This 
implies widespread distribution of a 
single TOL plasmid. Although world- 
wide spread of particular R plasmids is 
well documented and = explicable in 
terms of international travel and 
human contact, it is harder to see 
how a single degradative plasmid could 
become broadcast amongst the popula- 
tion of soil bacteria. One possibility 
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would be the spread of carrier strains 
by large scale import and export of 
industrial materials such as oil products 
contaminated with soil bacteria. 
Degradative plasmids obviously con- 


tribute greatly to the already sub- 
stantial nutritional versatility of 
Pseudomonas species. Many of the 


compounds degraded under the control 
of such plasmids would otherwise be 


toxic to other forms of life. Such 
degradation is therefore of some 
importance in detoxifying localised 


areas of pollution. Indeed it has been 
proposed that Pseudomonas strains 
carrying degradative plasmids be used 
to disperse oil spillages and render them 
harmless. Since most of the degradative 
plasmids belong to different incom- 
patibility groups it is possible to con- 
struct pseudomonads which carry a 
battery of different degradative 
plasmids which together confer en- 
hanced ability to utilise crude oil. 
Chakrabarty, who has been a prominent 
advocate of this approach, has pointed 
out that such strains would also have 
to harbour mercury-resistance plasmids 
to cope with the high levels of the 
heavy metal in oil residues. 

The deliberate introduction of such 
constructed strains into the environ- 


ment is open to the same kinds of 
objections as those levelled against 
recombinant DNA research. Such 


ventures could rebound if for example 
they led to the breakdown of petroleum 
products in storage tanks or the induc- 
tion of pathogenic characteristics in 
previously harmless saprophytic species. 
However initial studies on the 
‘epidemiology’ of TOL plasmids 
indicate that the population of soil 
bacteria has itself already responded 
to the increasing load of organic 
pollutants that has leaked into the 
environment. Selective forces, analo- 
gous to those that have led to the 
spread of antibiotic resistance in 
clinically important bacteria, are 
probably operating to produce bacteria 
that are resistant to and able to 
degrade industrial pollutants. In this 
case the consequences for mankind 
should be beneficial. =) 





A hundred years ago 


Ar the Guys Hospital conversazione, 
on Monday evening, a new government 
filler, invented by Major Crease. was 
shown which reduced strong tea and 
infusions of logwood to clear tasteless 


water. The nature of the 
material is not made known. 
From Nature 16, 48; 4 October; 1877. 
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review article 





Thresholds and breakpoints in ecosystems 
with a multiplicity of stable states 


Robert M. May* 





Theory and observation indicate that natural multi-species assemblies of plants and animals are likely to 
possess several different equilibrium points. This review discusses how alternate stable states can arise in 
simple I- and 2-species systems, and applies these ideas to grazing systems, to insect pests, and to some 


human host-parasite systems. 





IN all but the most trivial areas of enquiry, there arise questions 
about the extent to which events are shaped by predictable natural 
laws as against the accidents of initial conditions and per- 
turbations. Is the human story largely a deterministic tale of 
civilisations marching to Toynbee’s tune. three and a half beats to 
disintegration, or did the hinge of history turn on the length of 
Cleopatra’s nose? Such questions of the relative roles of chance 
and necessity’ are fundamental in modern cosmology?-}. in the 
foundations of statistical mechanics**, and in evolutionary 
biology’ and ecology, even though they may arise in less blatant 
and romantic fashion than the ‘what ifs’ of history and the social 
sciences. 

Viewing the grand sweep of evolution, we can see many 
examples where the taxonomic details of the plant or animal that 
occupies a given niche at a given time and place depend on 
historical accident. but where the niches themselves, and the broad 
patterns of community organisation, are remarkably constant” °. 

Taking a much narrower and more local view, it is interesting to 
consider a particular assembly of species, with specified in- 
teractions among them. and to ask questions about the dynamics 
of the system. Is the dynamical behaviour described by the multi- 
dimensional generalisation of a single valley (a global attractor)? 
Or is the dynamical landscape pockmarked with many different 
valleys, separated by hills and watersheds? If the former. the 
system has a unique stable state, to which it will tend (like a marble 
seeking the bottom of a cup) from all initial conditions. and 
following any disturbance. If the latter. the state into which the 
system settles depends on the initial conditions: the system may 
return to this state following small perturbations. but large 
disturbances are likely to carry it into some new region of the 
dynamical landscape (so-that the system behaves rather like the 
ball in a pin-ball machine). If there is a unique stable state. 
historical effects are unimportant: if there are many alternative 
locally stable states. historical accidents can be of overriding 
significance. Obviously. questions of this kind are very important 
in the understanding and management of ecosystems. 

A large body of empirical observations shows that many natural 
communities have a multiplicity of stable states. Sutherland! has 
demonstrated that for the fouling community (acomplex assembly 
of hydroids. tunicates, bryozoans, sponges and associated species) 
at Beaufort. North Carolina, the order of larval recruitment 
determines the way the community develops. Reviewing other 
work on the marine rocky intertidal (see also the review by 
Levin'!), on coral reefs, on freshwater lakes, and on terrestrial 
plant communities. Sutherland concludes that community struc- 
ture can often “be explained only by referring to specific historical 
events” and therefore that “multiple stable points are an undeni- 
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able reality.” A similar conclusion emerges from Connell’s. and 
Slatyer’s'? survey of mechanisms of succession in natural com- 
munities. 

The view that complicated ecosystems possess many alternative 
stable states is also supported by theoretical studies of mathemati- 
cal models that caricature such systems. From the growing number 
of possible examples. I mention only two, chosen from opposite 
ends of the spectrum. Austin and Cook'* have made computer 
studies of a system in. which 94 species (embracing plants. 
herbivores and carnivores) are linked together by interactions that 
aim to be relatively realistic: the system has many equilibrium 
points, and is easily transferred from one to another. Case and 
Gilpin'* have explored a relatively abstract system. in which the 
coefficients in the interaction matrix. for a n-species 
Lotka~ Volterra model are assigned random values: if n is at all 
large. the system typically collapses to one or other of a variety of 
simpler systems with fewer species, and this final steady state 
depends on the initial population values. The notion of ‘resilience’ 
has been introduced by Holling! * in an attempt to characterise the 
degree to which a system can endure perturbations without 
collapsing or being carried into some new. and qualitatively 
different state. Theoretical ideas about resilience. along with 
interpretive reviews of diverse other meanings that can be attached 
to ‘stability’ in an ecological context, are the subject of many recent 
papers!® 22, 

Itis thus clear that real ecosystems possess multiple stable states, 
as do plausible mathematical models. Unfortunately. the com- 
plications inherent in multi-species systems almost invariably 
preclude any quantitative confrontation between theory and data. 
For multi-species communities, the empirical observations remain 
largely anecdotal. and the theory remains largely metaphorical. 

For simple l- and 2-species situations it is, however, beginning 
to become possible to put theory and observation together. to gain 
insight into the workings of systems with more than one stable 
state. This review is a synthesis of several examples of this kind. | 
begin with grazing ecosystems (and then. more generally, any 
harvested crop or animal population). go on to insect pest systems 
(particularly the spruce budworm), and conclude with some 
human host--parasite systems. 


Grazing ecosystems 
Consider**-** a population of herbivores. maintained at a con- 
stant density H. and sustained by vegetation whose biomass is V. 
Our interest is centred on the dynamics of the vegetation 
biomass. Following Noy-Meir??. suppose that in the absence of 
grazing the growth rate of the vegetation as a function of Fis GIF). 
and that the herbivores consume the vegetation at a net rate C( 7) 
(corresponding to a per capita consumption at a rate 
e(¥):C(V) = Hel V) ).Then the rate at which V changes is given by 
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dv/dt = GVY)-C(Y) = GI) Het) a) 


The vegetation biomass will thus tend to settle to an equilibrium 
level where the natural growth rate exactly balances the loss rate 
due to grazing: that is. to a value of V such that G(V) = CP) 
Noy-Meir shows how these equilibrium V-values can be found 
graphically, for various assumptions about the way G( Vand C(V) 
depend on V. 

Fig. | illustrates one plausible situation. Here, as shown by the 
solid curve, G( V) is positive even when V = 0 (corresponding to 
some constant background contribution to the vegetation growth 
rate, for example from the sprouting of seeds blown in from other 
areas). At first G( V) increases as V increases, but as V continues to 
increase G( V) decreases as shading and competition for nutrients 
becomes important. until GUV) = Oat V = K; Kis the maximum 
stable biomass of ungrazed vegetation. The general shape of the 
per capita consumption function c( V) is a saturation curve: at low 
V, the herbivore intake is limited by forage availability, so that c( V) 
increases with increasing V: at high V, c(V) saturates to some 
constant determined by the animal's intake capacity or digestion 
rate. It is useful to christen Vo as the characteristic value of V at 
which the consumption function saturates. The dashed curves for 
total consumption rate C(V) = He(V) in Fig. | are for a c(V) that 
increases linearly with V at small V, corresponding to a herbivore 
that searches randomly (Holling’s “Type If or “invertebrate” 
predator search pattern? 5). 

We see from Fig. | that for relatively small values of H there is a 
single equilibrium value for V, given by the point A where G(V) 
and C(V) curves intersect: this value is slightly less than K. For 
relatively large values of H, there is again a unique equilibrium 
value for V (corresponding to the point E), now at a low value of V. 
For intermediate values of H, the G( /) and C( V) curves intersect at 
three points. The points B and D correspond to locally stable V- 
values, whose domains of attraction are divided by the unstable 
equilibrium point corresponding to C: Band D are the bottoms of 
adjacent valleys, and C marks the watershed between them. 

The essential feature that leads to two alternative stable states 
for intermediate H values in Fig. | is the assumption that c(V) 

“saturates to a constant for values of V significantly below the 
ungrazed equilibrium. That is, defining 


a= Vo/K (2) 


Fig. 1 is for æ significantly less than unity. If x exceeds, or is of the 


dVi 








Fig. I The rate of change of vegetation biomass. dFdi_ is shown as 
a function of F. The solid curve is the natural. ungrazed vegetation 
growth rate (which here is finite even for F = 0). The dashed curves 
are loss rates due to grazing (of Type H pattern) at high. intermediate 
and low herbivore densities. H. Where the solid curve hes above the 
dashed one: the'net growth rate is positive: where the solid curve lies 
below the dashed-one. the net growth rate is negative: the points of 
intersection of the curves correspond to possible equilibrium points. 
For further discussion, see the text. 
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Fig. 2 As for Fig. 1. except that here the natural growth rate (solid 

curve) is linearly proportional to Fat small F and the loss rate due to 

grazing (dashed curves) is of Type IH. Specifically. this figure 

corresponds to equations (3) and (4): the x of equation (2) is here 

x = 0.1. and ‘high, intermediate and low A” are represented by 

v = 0.35.0.22and 0.10. respectively. The basic features shown by the 
figure are. however. generic. 


order of, unity, there is always only one stable state in the figure 
corresponding to Fig. 1. 

Fig. 2 illustrates another plausible circumstance, which differs 
from Fig. | in details but not in essentials. Here, as V increases, 
G(V) increases from zero to some maximum value and then 
decreases back to zero at V = K. The per capita consumption 
function c(V) is now for herbivores whose foraging efficiency 
increases faster than linearly with V at low V values. but which 
again saturates to a constant for K above some characteristic value 
Vo (Holling’s “Type HI” or “vertebrate” predator consumption 
function2’, which is also typical of many invertebrates?" 7°), 
Provided that Vo is significantly less than K (that is. x is small). we 
can again distinguish three domains of dynamical behaviour for 
the vegetation biomass: for small H there is a unique equilibrium 
value of V, slightly below K (the point A): for large H there is a 
unique equilibrium at a low V value (the point E): for intermediate 
H there are two alternative stable states (the points B and D). 
divided by an unstable point (C). 

Specifically, Fig. 2 illustrates the situation where G(V) is given 
by the familiar logistic equation. G(V) = rV(1 — VK), and where 
C) is the “Type HI” consumption function 
C) = BHV AVS + V°). Then equation (1) has the particular 


form 
dk ( a pH? 
oe ee PT Pete fe & sig 3 
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This equation may equivalently be written in dimensionless form, 
by using the earlier definition of «, and introducing the rescaled 
variables Y = V/K.t = rrandy = PH/rK 


dxdt = YU =X) yA +) (4) 


This equation can exhibit (D. Ludwig, D. Jones and C. S. Holling. 
to be published) two alternative stable states if. and only if. 
x< 1/3, 3. 

Figure 3 is derived from the situation depicted in Fig. 2. and 
shows the stable equilibrium value(s) of the vegetation F. as a 
function of the herbivore density H. For low H. the vegetation 
biomass tends to settle to a unique steady value, slightly below K. 
As H increases beyond a threshold value (71). a second stable state 
for V appears. in a discontinuous fashion. As H continues to 
increase, there occurs a second threshold (72), beyond which there 
is again only one stable equilibrium for F (the original low-H state 
having disappeared. discontinuously). For stocking densities in 
the intermediate region, Tı < H < Tz, the vegetation will tend 
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Fig. 3 The equilibrium values of the vegetation biomass. F, are 
shown as a function of the stocking density. H. For a fixed value of H 
below the lower threshold at T;, or above the upper threshold at T3, 
there is a unique equilibrium value of V: any initial V value will move 
to this equilibrium, as indicated by the arrows. For H between Tı and 
Tz. there are two alternative equilibria for V: as shown by the arrows. 
the system will move to the upper or lower equilibrium, depending on 
whether the initial value of V lies above or below the dashed 
‘breakpoint’ curve. (This curve is constructed from Fig. 2 and 
equations (3) and (4), with ¢=0.1.3 


toward either the upper or the lower equilibrium value, depending 
on the initial value of V: for initial values lying above the dashed 
line in Fig. 3. V will move toward the upper equilibrium; initial 
values below the dashed line will move to the lower equilibrium. 
Borrowing an epidemiological term’. we may call the dashed line 
the locus of the “breakpoint” values of V. 

Although Fig. 3 was constructed from the specific equation (3), 
its important features are generic to any grazing ecosystem where 
the dynamics of the vegetation biomass is described by something 
like Figs | or 2. Even in the specially simple case where the G(V) of 
Fig. 2, with G(O) = 0, is combined with the C(V) of Fig. 1. witha 
linear dependence on V for small V, we still obtain Fig. 3, except 
that now the lower equilibrium value (occurring for H > Tı) is 
V=0. 

If it is assumed that gross animal production, Pa, is linearly 
proportional to total consumption, C(V), then the equilibrium 
level of Pc as a function of stocking density H can be read off from 
Fig. 3. This is done in Fig. 4. Fig. 4 has all the properties just 
adumbrated for Fig. 3, and is similarly generic. 

Noy-Meir first points out some management morals implicit in 
all this, and then discusses the extent to which such theoretical 
insights accord with known facts. 

If one has a grazing system capable of manifesting the discon- 
tinuities illustrated in Figs 3 and 4, then the vegetation will tend 
always to recover to a high level following an environmental 
disturbance only if H is kept-below some threshold density, Ti. 
Rut, as can be seen from Fig. 4. this usually implies unacceptably 
low gross productivity. Conversely, for H above Ti, there is the 
danger that an environmental fluctuation will carry V below the 
breakpoint value (the dashed line), whereupon the system will 
move into the alternative steady state. with dramatically lower 
values of V and Pa. The closer the system is pushed toward the 
point of maximum productivity(at H = 72), the more likely is this 
discontinuous collapse. And of course if the stocking rate for 
maximum productivity is misjudged, so that H is pushed beyond 
F2,then the system must collapse to the lower equilibrium state. As 
Noy-Meir?> sums it up, “a discontinuously stable system is highly 
labile at the stocking rate which allows the highest productivity. 
Such a grazing system can be maintained at or near this maximum 
production rate only by very frequent. almost constant. adjust- 
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ments of stock density in response to fluctuations in vegetation. A 
somewhat lower stocking rate will ensure more stable, though on 
the average somewhat lower, production.” 

Noy-Meir reviews two classes of empirical evidence. 

For intensive, or pasture, systems he pulls together data on the 
growth curves as a function of green biomass, G{ V). for ryegrass- 
clover in New Zealand?°-?! and for clover in Australia??. and on 
the consumption curves for sheep, C(/). for Phalaris-clover*}, for 
Phataris-annuals-clover**, and for-ryegrass-clover**, all in Aus- 
tralia. He concludes that the sheep tested by Arnold:and: by 
Willoughby would be capable of discontinuous stability properties 
in October (down under) in pastures of ryegrass, ryegrass-clover, 
and possibly in clover. There is also direct evidence for two 
alternate stable states in an experiment done by Morley?®, which 
involves sheep at three different stocking rates in two ‘grazing 
systems (continuous and with rotation), with three replicates of 
each. 

For extensive. or range, systems, indirect evidence can be culled 
from traditional management practices. Noy-Meir lists the con- 
ventional distinction between ‘safe’ and ‘maximum’ stocking 
rates, the notion of range readiness (allowing the vegetation to 
build to some pre-determined level before introducing animals), 
and the observation that productivity and animal condition may 
remain high even though the range is on the verge of collapse. This 
‘conventional wisdom’ is readily justified by Figs 3 and 4. 

Throughout this discussion, the herbivore density H has been 
treated as a constant. In natural (as opposed to managed) 
situations, H itself will be a dynamical variable. whose rate of 
change depends on V and H. The consequent pair of differential 
equations for H(1) and V(1) have been discussed by many people: 
see the review by Caughley’*. The system may havea unique stable 
point, or two (or even more) alternate stable points. or the 
populations may oscillate in a stable limit cycle. This subject will be 
pursued further, when we come to the budworm model, below. 


Harvesting animal populations 


In grazing ecosystems, we considered the dynamical behaviour ofa 
population (the :vegetation’. V(r)) which was being harvested by 
herbivores. Much of the discussion can be translated to apply to 
other systems where a plant or animal population is harvested, 
either directly or indirectly, by man. In particular, fisheries provide 
an example where one is interested in the dynamics of a fish 
population, and where the net population growth rate involves a 
natural growth term. G(V), and a loss rate due to harvesting, C. 
which in general depends both on the fishing effort and on the fish 


Fig. 4 Gross animal productivity. Pe, is shown as a function of H. 

This curve is derived from Fig. 3. under the assumption that Py, is 

proportional to the total consumption. CCF), of equation (1). The 
main features are as in Fig. 3: for further discussion, see the text. 
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population density. The same is true of whaling industries, and of 
commercial forestries. 

Brauer and Sanchez?’ have considered a fish or other pop- 
ulation that is harvested to give a constant yield. Their analysis 
corresponds to Fig. 2in the limit x —> 0: thatis. they have the G(V) 
curve of Fig. 2. but their consumption or harvesting curves are 
purely horizontal lines, already saturated at V = 0. The resulting 
equilibrium fish population (1) as a function of yield (H) is a 
limiting version of Fig. 3. with 7) at the origin, and the lower 
equilibrium curve collapsed to the H axis(V = 0). 
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Fig. § This figure is a difference equation version of Fig. 3. for 

animals with non-overlapping generations. The curves relating the 

population magnitudes in successive generations are shawn for 

various levels of predation. P. Possible equilibrium points occur 

where the curves intersect the 45 line. (Specifically. the difference 

equation used here is Nu +D = N(dexp[rtl =N = PNA NIN 
with a = 0r = 4 and P = 0.35. 0.22.0.15) 


A more realistic harvesting curve will acknowledge that, at low 
fish population values, the effort needed to keep the yield constant 
is prohibitively high. Consequently. a realistic curve for attempted 
‘constant yield’ harvesting will be more like those in Fig. | and 2. 
and much of the discussion of the system's dynamics (ref. 38 and 
J. R. Beddington, to be published) parallels that by Noy-Meir. 
Beddington and May’s*® study is focused on the response of the 
system to environmental fluctuations. and to this end employs 
differential equations with stochastic coefficients. Nevertheless, 
the qualitative conclusions of this relatively sophisticated study 
(especially the caution against trying to maximise sustained yield 
under a strategy of constant quotas. which is roughly equivalent to 
operating around T; in Fig. 4) are laid bare by the simple and 
deterministic graphical analysis outlined above. 

Other recent studies of harvested systems which can have 
alternate stable states are due to Goh” and to Huberman?” (who 
uses equation (3)). Clark?! has given a fine review. 


Insect pests: general remarks 


We now alter our viewpoint, to think of (7) more generally as a 
‘prey’ population. Its dynamical behaviour depends on the trophic 
level above it (the ‘predators’. which were the herbivores H in the 
grazing systems) and on the trophic level below it (the resources. 
which were the light and nutrients determining K in the grazing 
systems). At the risk of confusing the reader. I shall symbolise this 
change of viewpoint by using MU). to replace (1), for the prey 
population, and by using P., to replace H. for the predators. 

In dealing with insect pests, our attention has shifted up one 
rung in the trophic ladder. Instead of the vegetation V(s) which 
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depends on a variable H and a constant K, we have a population 
M(t} of herbivorous insects which depends on predators P and 
vegetational resources K, either of which may vary. 

Fora given value of the environmental carrying capacity (Kand 
for a specified density of predators (P. formerly H). the con- 
siderations that determine the dynamics of the prey population(N. 
formerly V) are likely to be as in Fig. 2. That is, the growth rate of 
the prey population may be typified as logistic. and the predators” 
attack rate will have the general form shown in Fig. 2 both for 
vertebrate?* and for many invertebrate?" 78 predators. 

One final complication must be disposed of. For the majority of 
temperate zone insects, population growth is a seasonal (often 
annual), rather than a continuous, affair. Thus the continuous rate 
of population change, dN/dt, should usually be replaced by 
discrete changes, Ni +1)— N(1). at time intervals one unit (often 
one year) apart. The relation between the population values in 
successive generations will still typically be determined by Fig. 2. 
but with M +1)— N(d) replacing dN/dt on the y-axis. It is more 
traditional, in this case, to plot the curve that relates NU +1) to 
M(t). This is done in Fig. 5. The 45 line represents population 
values that are unchanging from one generation to the next, and 
therefore the points where the curves intersect this line are possible 
equilibrium states. Where the solid curve lies above the dashed 
curve in Fig. 2, the net growth rate is positive. and the curve lies 
above the 45 line in Fig. 5. Conversely, where the solid curve lies 
below the dashed one in Fig. 2, the curve lies below the 45 line in 
Fig. 5. 


When predation is relatively unimportant (low H in Fig. 2, low P 
in Fig. 5). there isa unique equilibrium point, at a population value 
slightly below K; the population level is set primarily by resources. 
When predation ts relatively important (high H in Fig. 2. high Pin 
Fig. 5), there is again a unique equilibrium point, this time at a low 
population level: the population is predator-controlled. But for 
intermediate levels of predation there are, as before. two attracting 
equilibrium points (A and B in Fig. 5), divided by a repelling point 
(C in Fig. 5). 

Theconsequences of this intermediate level of predation, with its 
two alternative equilibria for the pest population, have been noted 
by Takahashi*? and Watt*?. They observe that such pests may 
usually fluctuate at low numbers, around the lower equilibrium 
point at Np. But if fluctuations in the number of predators. or of 
pests, or of the carrying capacity, happen to carry pest numbers 
above N- in any one year, then the population will explode towards 
the upper equilibrium point at V,. A subsequent crash is likely (the 
complications that make the dynamics of difference equations more 
unsteady than those of differential equations are discussed in the 
conclusion), with the population returning to the neighbourhood 
of Ny. The pest population may thus exhibit a periodic or episodic 
pattern of “outbreaks”, followed by relatively long intervals at low 
densities. 

Southwood** +° has recently given a more quantitative dis- 
cussion, and he and others have incorporated the practical 
conclusions into a morphology of strategies appropriate for the 
control of various kinds of insect pests*” *°. 

For example. Southwood and Comins** have interpreted 
Clark's thorough studies of the eucalyptus psyllid (a plant louse) 
Cardiaspina albitextura in the light of Fig. 5. Using Clark's data for 
egg-to-adult survival for 29 generations, along with information 
about the depression of natality by direct crowding and by host 
plant deterioration. they estimate the shape of the M(t + 1)-versus- 
N(1) curve. They find the curve to be of ‘intermediate P’ type, and 
assign to Ny. Ncand N, valuescorresponding to 2.8, 22 and 107eggs 
per shoot, respectively. Not only does this give a qualitative 
explanation of the observed episodic outbreaks, but it is in 
remarkable quantitative agreement: Clark's field data give an 
average of 3.0 eggs per shoot at low densities, suggest a “rapid 
increase to outbreak level” beyond 10-15 e/s, and have a mean for 
12 high density populations of 110 e/s (with a range 23-280). 

Sufficient data have also been published on the European spruce 
sawfly. Diprion hercyniae, in New Brunswick for a tentative 
analysis of this kind. Southwood*’ suggests the present situation is 
one of ‘intermediate P’. with the sawfly controlled by a com- 
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bination of virus disease and parasitoids: life-table estimates and 
field observations agree on a value of Nc around 0.2 larvae m~?: 
fluctuations to higher densities result in runaway to around 
Na ~ | larvae m~? which is economically acceptable. Before the 
advent of the virus disease, the sawfly in New Brunswick seems to 
have beent” in a “low P” situation. with outbreaks to densities 
around 20 larvae m” ° followed by crashes. 


Insect pests: the spruce budworm 


One of the best studied ofall insect pests is the spruce budworm, 
Choristoneura fumiferanas in Canada. This forest defoliator 
irrupts at approximately 40-year intervals, causing much damage 
in northern coniferous forests. and economic stress in the lumber 
industry. The massive amount of data gathered by Morris*! and 
his associates has been subjected to much analysis by Holling and 
his collaborators! *-*? (and D. Ludwig, D. Jones and C. S. Holling, 
to be published) at UBC and at the International Institute for 
Applied Systems Analysis (IIASA). One of the most pleasing 
features is the way the models have become progressively simpler 
as the basic mechanisms have become better understood. Thus the 
earlier “systems models’ have given way to Ludwig et al.’s°3 3- 
component model (budworms: average leaf area per tree: energy 
reserve determining the condition of trees and foliage); the present 
review gives a crude 2-component model (budworms: leaf area) 
that retains the essentials. 

Consider first the dynamics of the budworm population, M(t). 
Yet again. this is plausibly described by Fig. 2 (with N replacing V). 
with the net population growth rate counterpoised between a 
natural growth term and losses due to predators. The general 
features described by Fig. 2 may be typified by the specific equation 
(3), which now reads 


dN al A BPN? 3 
dt CR) ee 


Here r is the intrinsic growth rate for budworms, and K is the 
carrying capacity, which depends on the average leaf area per tree, 
S: we write K = KS. No is the characteristic budworm population 
at which the predator attack rate saturates (to the constant level 8 
per predator). This characteristic value for predator switching will 
usually depend on budworm density per unit leaf area rather than 
on absolute budworm numbers, so that we may write No = 7S. 
Finally. for a given value of average leaf area S. it is convenient to 
use the rescaled variables ¥ = N/xS.t = rt and > = BPirKkS to 
rewrite equation (5) in dimensionless form as 


dX/dt = XU =V = N70? + X?) (6) 


Here zis formally defined as x = /x. but biologically it retains the 
meaning it had in equations (2)and (4): for any given value of S, xis 
the ratio between the budworm density that saturates the predator 
attack capacity and the maximum budworm density that the 
vegetation can sustain. Equations (4) and (6) are identical. 

As before, it is clear. either from the general Fig. 2 (which is 
drawn for small x) or from the specific equation (6) (provided 
a < 1,3, 3), that the budworm system may have two alternative 
stable states. If we fix the resource level S. and plot the stable 
budworm density N asa function of the number of predators P, we 
get exactly Fig. 3 (with N replacing V, and P replacing H). 

It is more interesting. however, to fix the predator level P and 
consider how the equilibrium value(s) of N varies with S. This can 
be done graphically from Fig. 2, or algebraically from equation (5). 
The result is Fig. 6. A simpler way to arrive at Fig. 6 from Fig. 3isto 
notice, from equation (6), that the equilibrium value(s) of N/S 
depends only on y. once zis fixed. Buty = BP/rxS.so that Splaysa 
part exactly like 1/P: small P is equivalent to large S. and vice 
„Versa, whence Fig. 6(with Sforthe v axis) follows from Fig. 3(with 
P or H for the v axis). Moreover this makes biological sense. For 
budworms. the good life is few predators or lots of food: low P or 
high S. The bad life is the converse. 

The main features of Fig. 6 need no elaboration. At low values of 
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S. there isa unique, and low, budworm density : the system is under 
predator control. At Tz a second stable state appears discon- 
tinuously, and, for T2 < S < Tı. N will tend to one or other of the 
two stable states. depending on which side of the breakpoint locus 
it starts from. For Sabove 7; there is again a unique stable state.in 
which the predators play little part. ; 

This discussion of the budworm dynamics is not sufficient fora 
full elucidation of the way the interactive system of budworms and 
forest foliage behaves. We need also to consider how the average 
leaf area per tree, S, depends on N. 

The essentials of such a discussion can: be carried’ out?}, 
independent of any further details. by noting that the characteristic 
time scales for changes in N and in S are very different. The time 
scale for budworm population growth is months. or even weeks. 


The basic time scale for change in the average leaf area per tree o i 


depends on average branch area, and thence on the time scale for 
tree growth, which is typically measured in decades. Thus N 
changes on a relatively fast time scale, S on a slow one. 











Fig. 6 The equilibrium budworm population. N. shown as a 
function of the average leaf urea per tree. S. (This figure is based on 
equation (6). with x = 0.06.) The threshold and breakpoint features 
are similar to those in Fig. 3. and are discussed more fully in the text. 


Returning to Fig. 6, we further suppose that budworm pop- 
ulations along the lower, *predator-controlled’ equilibrium curve 
do not havea significant impact on the foliage, so that S undergoes 
slow natural growth in this regime. Conversely. we assume that the 
large budworm populations along the upper equilibrium curve 
have a significant adverse effect on S, decreasing it. The qualitative 
nature of the system's dynamical behaviour now follows. Starting 
from any low values of N and S, the system will move rapidly (on 
the fast time scale) on to the lower budworm equilibrium curve in 
Fig. 6. S will now slowly increase, with N always quickly adjusted 
to the current S value, and the system will move (on the slow time 
scale) to the right along the lower equilibrium curve. When the 
system arrives at the point 71. no further continuous change is 
possible, and N jumps (on the fast time scale) to the upper 
equilibrium branch. Now S decreases because of the uncontrolled 
depredations of the budworms, and the system moves (fairly fast) 
to the left on the upper equilibrium curve. Finally. when the point 
T2 is reached. N must fall (again on the fast time scale) back to the 
lower equilibrium branch, and the cycle begins again. 

The upshot is a cyclic pattern of budworm explosions and 
crashes, as shown in Fig. 7. The system spends most of the cycle at 
low budworm densities, traversing the lower equilibrium curve 
from 72 to Tı. The cycle length is thus set by the slow time scale. 
and is of the order of decades. 

A more explicitly mathematical treatment can be given crudely 
by assuming that the rate of change of S is given by a natural 
logistic growth term (with an intrinsic growth rate p). offset by 
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losses linearly proportional to the budworm density 
dSidt = pSU — S/ Smas) = EN. (7) 


Under the assumptions discussed above. the locus of equilibrium 
values of S (the points where dS/dr = 0) are as indicated by the 
dashed line in Fig. 7. The pair of equations (5) and (7) then lead toa 
stable limit cycle, as shown in Fig. 7. The limit p « r corresponds 
to the foregoing distinction between slow and fast time scales, and 
leads to a limit cycle with the almost discontinuous character that 
was discussed above. 

The work of Ludwig et a/.5? is more detailed (involving three 


_AS/dt=0 


ge pas 
S 
Fig. 7 The (solid. d Ndi = 0) equilibrium curve for budworms. N. 
as a function of foliage. S. is as in Fig. 6. The (dashed. dSidr = 0) 
equilibrium curve for Sasa function of Vhas the form ofequation (7). 
Under these circumstances, the system will settle to oscillate in a 
stable limit cycle, as indicated. The figure is for p = 0.017, so that the 
budworm growth time scaleis fast compared withthe timescale for tree 
growth: as explained more fully in the text. this explains the main 
features of the cycle. 





differential equations). and is compared with field data. They 
obtain numerical agreement with the observed 40-year cycle. 

This model has implications for the management of budworm 
populations, Notice first that a program aimed at stopping 
budworm outbreaks has a propensity to hold the population 
perpetually poised on the brink of explosion, around the threshold 
point Tı on the lower equilibrium curve in Fig. 6. More quanti- 
tatively, the effects of using insecticide against budworms can be 
mimicked by adding an extra mortality term, —sN. to the right 
hand side of equation (5). If we could maintain s > r for many 
years, the budworms could in principle be eradicated. In the more 
likely event thatr > s, the new version of equation (5) can again be 
brought into the dimensionless form of equation (6), with x 
replaced by x = (r/r—s)a. We recall that the kinkiness in Figs 3.4 
and 6, and the ensuing alternative stable states, depends on x being 
small. Thus use of insecticides can increase the effective value of x 
to such an extent as to straighten out the kink in Fig. 6 (that is. can 
increase a’ toa value a’ > 1/3, 3), leading to a unique stable state. 
The price. however, is daunting: not only are we committed to 
endless insecticide use. but the new equilibrium is necessarily 
established at a budworm density somewhere intermediate be- 
tween the original upper and lower equilibrium levels. Such a 
budworm density represents a perpetual low-level outbreak. 

It should be added that this discussion has ignored climatic 
fluctuations. One argument in favour of trying to “hold the line” 
with insecticides is that one may thereby buy time. waiting for a 
year when unfavourable weather will carry the population back 
down to very low values. 


Human host—parasite systems 


Similar threshold and breakpoint phenomena occur in the trans- 
mission dynamics of many infections of humans and other 
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animals, particularly when the transmission cycle involves in- 
termediate vectors. 

Malaria is probably the best-known example exhibiting a 
threshold'+55, Suppose that a single malarious mosquito is 
introduced into a closed and previously malaria-free community 
of people and mosquitoes. Each person bitten by this mosquito 
may. with a probability that can be estimated. become victim tothe 
disease. These infected people may in turn be bitten by unintected 
mosquitoes. which thereby (again with some probability factor. 
and after the elapse of a latent period of around 10 days) are 
recruited as malaria vectors. The key question is whether the 
original infectious mosquito produces, on the average, more than 
one subsequently infectious mosquito, or not. Ifit does, the system 
is above threshold’, and the fraction of the human and of the 
mosquito populations that have malaria at any one time will grow 
until an equilibrium is reached, at which new infections are 
balanced against recoveries and deaths. Conversely, if it does not, 
the system is ‘below threshold’. and the introduced infection 
cannot be maintained. 

This discussion makes clear the underlying nature of the 
threshold relation for malaria. The relation can be written 
explicitly in terms of the number of mosquitoes, biting rates, and 
recovery and death rates of mosquitoes and people: as reviewed by 
Macdonald**:** and Conway*’. this threshold formula has many 
implications for management. 

The main fact. however, is that for simple models of the malaria 
transmission process there is always a unique stable state: for 
mosquito densities above threshold. there is some endemic level of 
infection: below threshold the level is zero. For many helminthic 
infections the situation is made more complicated by the parasites’ 
having a sexual stage in the human host. Thus. for example, an 
adult female schistosome will produce eggs only if she has a mate. 
which may be unlikely if the mean worm load per person is less 
than. or of the order of, unity. 




















Equilibrium worm load. m* 








5 T 10 
Snail population density 


Fig. 8 For a simple model of the transmission dynamics of 

schistosomiasis. the equilibrium mean worm load per person, a7”. is 

shown asa function of the snail population density (or other relevant 

transmission factor), The threshold and breakpoint phenomena are 
as discussed in the text. (From Bradley & May*".) 


As first stressed by Macdonald?” °°, the result is that for 
schistosomiasis and other parasitic infections with a sexual stage in 
the primary host there is, as before. a threshold transmission value 
which depends on the population density of the snails or other 
intermediate vector. on the rate of egg production in the primary 
host. and on other transmission parameters. Below threshold. 
there is only one equilibrium state. namely no infection. Above 
threshold, there are two alternative equilibrium states: if the initial 
mean worm load per person, m, is sufficiently high, the infection 
cycle is maintained: but if 17 is initially too small, the number of 
mated females (which will scale as #7?) may be insufficient for the 
system to ‘take off and attain its endemic equilibrium level. This 
situation is illustrated in Fig. 8. which corresponds to simple 
models for schistosomiasis?’-"° 5#, If the snail density (or other 
relevant transmission factor) is below the threshold value T. the 
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equilibrium level of adult schistosomes is zero. Above threshold. 
the mean worm load per person moves either to the upper 
equilibrium curve. or to zero, depending on whether its initial value 
lies above or below the “breakpoint” line. 

Figure 8 is for a closed system. with no immigration of infectious 
snails or people from outside. If a small amount of such 
immigration is included (I. Nasell. to be published) the lower 
equilibrium curve in Fig. 8 must shift up to some small, but finite. 
level of infection, and a figure similar to Fig. 6 is obtained (with m 
replacing N. and snail density or the like replacing S). 

The existence of a: breakpoint holds important implications for 
control of the system?™ 553°, For diseases such as malaria. where 
there is alwaysa unique equilibrium state, the only control strategy 
is to reduce the mosquito numbers and/or the biting rate and other 
parameters in such a combination as to take the system below 
threshold. The system must. moreover. subsequently be kept 
below threshold. But infections whose dynamics are as described 
by Fig. 8 can in principle be eradicated by temporarily displacing 
the mean parasite load below the breakpoint, thus taking advan- 
tage of the two alternative equilibrium states. This control strategy 
has the advantage that the basic transmission parameters do not 
have to be modified to, and maintained at. sub-threshold values. (If 
the infection dynamics of snails operates on a fast time scale. and of 
humans on a slow time seale, the locus of the breakpoint depends 
only on the level of infection among humans: more generally. the 


- breakpoint will depend: on both snail and human infection 


levels*® $8, It also depends on whether the adult parasites are 


distributed among humansin random or clumped fashion**->”.) 

Current estimates*are that about 200 million people have 
schistosomiasis, and about 300 million suffer from the various 
filarial infections (which include ‘river blindness’ and elephan- 
tiasis). But empirical information on the overall transmission 
dynamics of schistosomiasis and filariasis is scant, so that theoreti- 
cal notions about threshold and breakpoints remain untested in 
this context. 


Conclusion 


This review has drawn together a variety of mathematical models 
for ecological systems, each of which is dealt with individually in 
the scattered literature. The models are united by the common 
theme of possessing a regime of dynamical behaviour in which 
there are two alternative stable states, so that continuous variation 
in a control variable can produce discontinuous effects. Thus 
smooth changes in stocking rates can cause discontinuous changes 
in the grazed vegetation: continuous changes in harvesting rates 
can cause discontinuous collapse in fisheries; continuous changes 
in environmental parameters or foliage growth or predation rates 
can lead to discontinuous outbreaks of insect pests: continuous 
changes in snail or dipteran population densities can cause 
discontinuous appearance or disappearance of helminthic in- 
fections. 

These models can often be tied to empirical data, whence they 
yield specific insights into the management of the system. (Some of 
these insights can be recast in the language of catastrophe theory, 
but this is usually post hoc window-dressing. It is too often 
forgotten that catastrophe theory is, strictly speaking. a local 
theory: we want global descriptions of the dynamics.) 

The review has been largely confined to the dynamical be- 
haviour of a single population, albeit as a function of other 
populations of resources and predators. As the number of 
interacting dynamical variables, and of equations. increases things 
get more complicated. Consider. for example, a predator-prey 
system where the predator's dynamics depends on the prey 
population according to the back ward-bending curve of Fig. 6(N 
versus $), and where the prey’s dynamics in turn depends on the 
predator population according to Fig. 3 (V versus H). These two 
curves —one for the predator equilibrium, the other for the prey 
equilibrium —are in principle capable of intersecting at 9 points. 
corresponding to no fewer than four alternative stable states 
(separated by four saddle points and one central hilltop), each with 
its own domain of attraction. As the dimensionality of the system 
increases to encompass more and more species, the dynamical 
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landscape can begin to look like the surface of the moon, and any 
detailed comparison with field or laboratory data becomes very 
difficult. 

A different and additional complication is that systems with 
discrete generations are described by difference equations. which 
can exhibit kaleidoscopic dynamics. For such systems; of which 
Fig. 5 is an example. increasingly severe nonlinearities can make 
the dynamical behaviour range from a stable point, through a 
bifurcating hierarchy of stable cycles, into a regime which is in 
many ways indistinguishable from random noise®®” °*. Similarly, 
patterns of stable points or cycles giving way to chaos can be found 
in systems described by differential equations: with time lags. or 
even in simple first-order ordinary differential equations once 30r 
more species are interacting®®-°?-°3, : 

These manifold complications can lead one to take a gloomy | 
view of the possibility of making predictions about multi-species 
systems°°°?, The one kindly light amidst this encircling gloom is 
that many complex communities are, arguably, made up mainly of 
loosely coupled lower-order systems! ”°*-°*, to which the simple 
models reviewed here are pertinent. 

I thank Henry S. Horn for helpful conversations, and the US 
NSF for support (grant DEB 75-10464). 
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Hypervelocity cratering and impact 


magnetisation of basalt 
G. Martelli & G. Newton l 


Plasma and Space Physics Group, School of Mathematical and Physical Sciences, The University of Sussex, Brighton, Sussex, UK 


Suitably modified explosive shaped charges have been used 
to produce small hypervelocity projectiles (v ~ 15 km s~) 
to study e.m. effects associated with high-velocity cratering 
of basalts, thus simulating in a terrestrial environment some 
features of meteoritic impact on the lunar surface. The 
experiments have shown that plasma is formed during 
impact and that an external field can be impressed in the 
basalt. 


IN an experiment to test whether meteoritic impact can mag- 
netise lunar rocks (either by creating and impressing a transient 
magnetic field or by impressing and implanting a pre-existing 
field pattern), we made observations of magnetic phenomena 
associated with the cratering due to the impact of macroscopic 
(m = 0.1-1 g) hypervelocity projectiles (v ~ 15 kms™) on 
basalt blocks. For these experiments the ‘meteoroid’ consisted 
of the tip of the jet from a shaped charge and the target of a 
basalt block similar in composition to some lunar basalts. 
These tests were conducted in evacuated vessels, both with and 
without external magnetic fields either parallel or perpendicular 
to the basalt surface, and observations show that (1) a transient 
magnetic field followed by a short burst of electromagnetic 
oscillations is created near the impact region, and (2) it is 
possible to impress an externally applied magnetic field into the 
basalt. 

Measurements of the magnetic field of lunar rocks have given 
values ranging between 107? and 1.2 Oe (refs 1, 2) for inducing 
fields necessary to account for the observed natural remanent 
magnetisation. Recent indirect observations from the Apollo 17 
sub-satellite? have confirmed the wide range of magnetic field 
intensities and orientations recorded by magnetometers flown 
on board previous Apollo missions. i 

Theoretical models based on lunar dynamo‘ and fossil field 
theories®* have been invoked to explain the observations. Sug- 
gestions have also been made that there is evidence concerning 
the existence of a magnetic core’. Theories which can account, 
however, for both magnetic field amplification and/or local 
magnetisation mechanisms can explain more readily the wide 
range of observed values and are more amenable to direct 
experimental verification. Of these theoretical models, some 
assume the magnetisation to be associated with meteoritic 
impact®!°, while cometary impact has also been considered as a 
mechanism for impressing and magnifying an external magnetic 
field’. Finally, during discussions with Professor K. Anderson, 
Space Science Laboratory, University of California, Berkeley 
in 1975 we considered the possibility that the plasma created 
during a hypervelocity impact could support transient electric 
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fields and associated electric currents, as observed in laser 
‘impact’ experiments12-4, For hypervelocity impact, the residual 
magnetic field would be the remanent of an induced field, due to 
both the shock remanent magnetisation (SRM, or piezoreman- 
ence) and to the thermal remanent magnetisation (TRM) asso- 
ciated with the heating effects of the impact. The basic system of 
currents and inducing magnetic fields which can arise in laser 
‘impact’ experiments, and can probably be present in hyper- 
velocity impact experiments, are discussed in refs 15, 16 and 
illustrated in ref. 17 (see also for bibliography). 

The only experimental technique we know of which has been 
used so far for the purpose of simulating shock compression 
associated with high-velocity impact is that of the explosively 
driven flying plate technique'*-!* and interesting results have 
been achieved by this method®. It differs, however, from the 
technique used here on a major point, since it does not actually 
simulate very closely the impact of a relatively small object on 
a large surface. 

We describe here results from some experiments designed to 
simulate meteoritic impact, the ‘meteoroid’ consisting of the 
tip of the jet from a shaped charge, the target being a block a 
basalt with composition reasonably similar to that of some 
lunar basalt. 


Experimental technique 


Central to the experiments described below is the use of shaped 
charges to produce a high velocity jet of material, of which the 


Fig. 1 Experimental set-up. L, Aluminium Iiner; D, deflector 
(TNT); E, explosive shaped charge (Octol); A, detonator; VT, 
vacuum tube; BD, blast deflector; T, target (basalt block). 
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Fig. 2. IRM field (continuous curve) and TRM field (broken . 

curve) for basalt samples used in the experiment, a, SARM fora 

10 G field perpendicular to the target surface; b, SARM for a 

6 G field ‘parallel to the target surface; c, SARM for the geomag- 
netic field parallel to the target surface. 


tip only is allowed to impact on the basalt target; the 
remaining, and slower, portion of the jet is deflected by means 
of a subsequent explosion. As is well known, a metal lined 
shaped charge consists of a cylinder of explosive having a high 
detonation velocity (va), the cylinder having a metal lined 
conical cavity at one end. When detonated at the other end, 
the (plane) detonation wave implodes the cone and-parts of it 
are ejected with a velocity larger than the detonation velocity 
(Monroe effect). The maximum velocity ym depends on the 
opening angle a of the cone and the ratio of the mass of material 
that lags behind (the ‘slug’) is also a function of a. This ratio 
can be improved by truncating the cone at, say, about one tenth 
of its height, measured from the apex. The velocity gradient 
along the jet causes it to stretch and break up into individual 
pellets. We are interested in the fastest fragments of the jet, 
hereafter referred to as the ‘tip’. If the density p, of the liner is 
close to that of the explosive p., the shock impedance of the 
liner is well matched to the implosion wave, thus minimising 
surface reflection and maximising the amount of liner material 
‘in the tip. Provided the experiments are conducted in an 
evacuated system, the temperature of the jet is not expected to 
exceed a few hundred degrees Celsius, because of the cooling 
associated with the adiabatic expansion which it undergoes 
during flight. 

In our experiments the liner was inade of HE30 aluminium 


n eee 
Table 1 Composition of some Basalt samples from the quarry at 





Rowley Regis 
% 
SiO, 50 17 
Fe,O; 461 
Al,O; 18 75 
CaO 7 33 
MnO 0.16 
MgO i 5.41 
K, Na oxide 4.93 
FeO 5.79 
Others 2.86 
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The blocks were cut, faced and inspected for homogeneity and 
absence of mucrofractures. The selected blocks were individually 
encased in alumina cement inside a reinforced dural frame, 45 cm x 
45cmx25cm, to prevent rupturing during test. The experiments 
were carned out in a reinforced concrete bunker at one of the 
proving grounds of the Raufoss Ammunition Factory, near Oslo. 
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alloy, which has a relatively low density (pe = 2.73 g cm~’, 
is easily machinable and non-toxic. The explosive was Octol 
(va ~ 8.4 km s™!, pe ~ 1.8 g cm7). The angle a was 45°. 


The experiment 


The experimental set-up is illustrated schematically in Fig. 1. 
The system was evacuated by a rotary pump to ~ 10~-* torr. 
On ignition of the explosive at A, the propagation of the 
detonation causes: (1) the explosive ejection of the tip of the jet, 
and (2) the shock ignition of the TNT deflector. 

if the TNT deflector is properly placed, only the tip proceeds 
unperturbed while the remaining solid and gaseous debris is 
swept sideways. The best positioning of the deflector was 
obtained by trials against plates which recorded the impact. 
It was found that the debris could be deflected through ~ 30°, 
and that only a small tip would reach the target. 

The velocity of the tip was deduced by timing the flight over 
a set distance (1.5m), the passage being recorded by the 
rupture of current carrying foils. Maximum values of vm of 
~15 kms — were recorded. 
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Fig.3 A crater profile in a basalt block (shaded area). The field 
due to the SARM was measured 1.5 cm above the target surface, 
the magnetising field was ~ 10 G perpendicular to the target 


We believe that the differences in magnetic structure between 
lunar and terrestrial basalts do not invalidate the aims of our 
experiments. We have, however, attempted to select basalt 
which minimises these differences. This was found at a quarry 
at Rowley Regis near Birmingham, which supplied us with 
approximately 30 t of selected blocks. The composition of the 
samples is given in Table 1. 


Experimental results 


Magnetic mapping of the surface of the basalt blocks before 
and after impact was carried out using both a Hall probe and a 
flux-gate magnetometer. 

Before impact the field at the surface of the basalt blocks was 
found to be of the order of 10 + 10 mG. 

The magnetic properties of the basalt have been measured 
using a large number of cores, up to 2.5 cm diameter, extracted 
from various blocks. Figure 2 shows the contribution to the 
measured field due to the isothermal remanent magnetisation at 
room temperature (IRM’, continuous curve) and to the 
thermal remanent magnetisation (‘TRM’, broken curve) 
obtained after heating the samples to about 800 °C and letting 
them cool inside a solenoid. The largest contribution to the 
error comes from the spread of values obtained from different 
samples. The size of the cores was chosen so as to make the 
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field measurements practically independent of the core size, 
thus enabling the measurements to be compared directly with 
those at the surface of the basalt blocks. 

We emphasise that, because of the short duration of the 
impact process, it is not possible to differentiate reliably 
between thermal remanent magnetisation and. piezoremanent 
effects, so, hereafter, we refer to the magnetisation associated 
with the impact as ‘shock associated remanent magnetisation’ 
(SARM). 

Three main types of hypervelocity impact tests were per- 
formed, and we present data from one of each. (1) with a 
10 Oe external magnetic field at right angles to the basalt 
surface; (2) with a 6 Oe field parallel to the basalt surface; 
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Fig. 4 Pickup signals from a coil surrounding the impact area. 
a, The vessel evacuated to 10~* torr; b, in air. Note the different 
time scales. 


(3) in the ambient magnetic field which, inside the bunker, was 
0.5 G in the vertical direction. 

The results of each of these tests are as follows: 

Test type (a). Magnetic field measurements of the impact area 
yielded profiles such as that shown in Fig. 3. It can be seen that 
the largest SARM values are found in the neighbourhood of the 
field after impact is parallel to that of the externally applied 
field. The extreme values of the measured field due to SARM 
effects in the neighbourhood of the crater are shown in Fig. 2, 
as the error box marked ‘a’ 

Test type (b). In the region neighbouring the crater, relatively 
large magnetic fields were detected (approximately 100 mG). 
The maximum perturbations seem to be concentrated near the 
crater rim, along the fracture lines, that is, where the shock 
reached probably its highest value. The extreme values of the 
measured magnetic field for this test is also shown in Fig. 2, 
and is marked “b. 

Test type (c). The results of the only impact experiment 
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conducted successfully in an evacuated vessel without an 
externally applied magnetic field, revealed magnetic perturba- 
tions at the basalt surface reaching up to ~ 40 mG near the 
crater (see inset in Fig. 2 marked ‘c’). This value is no more 
than three to four times larger than the fluctuations recorded 
across the surface before impact. It may be that since the impact 
created a crater larger than was the case in the other tests, any 
more strongly magnetised material in the neighbourhood of the 
impact area may have been lost with the ejecta. 

In some of the experiments mentioned above we recorded 
the electromagnetic noise generated on impact, using pickup 
coils surrounding the glass tube near the basalt surface and a 
20-kHz bandwidth instrumentation recorder. In all cases we 
observed a rapid (probably bandwidth limited) transient 
magnetic field during impact followed by a number of oscilla- 
tions (Fig. 4a). This suggests the creation of plasma capable of 
sustaining azimuthal currents, and possibly, transient flute 
instabilities. If this interpretation is correct, the current can be 
estimated from the amplitude of the recorded signals, to be of 
the order of 10-' A. A similar experiment performed using the 
same geometry but at atmospheric pressure showed a faster 
transient magnetic field but much less pronounced oscillations 
(Fig. 46). The question of how much plasma is formed on 
impact, at what temperature, and the type of transient 
instabilities generated therein needs further investigation. 


Conclusions 


Our experiments indicate that: (1) plasma is created by hyper- 
velocity impact of small projectiles on a basalt surface; (2) an 
external magnetic field is impressed during impact, the SARM 
value being of the order of, or slightly exceeding that, of the 
TRM of samples of the same basalt. However, when the 
external field is as low as the geomagnetic field, the observed 
SARM is substantially larger than the corresponding TRM. 
(3) By extrapolating this result to impacts occurring in a field 
free region, it would seem that a magnetic perturbation can be 
created by the impact and impressed in the basalt. This point, 
however, requires further detailed measurements in a field-free 
environment. 
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The way that small particles melt is a crucial element in the 
construction of a thermodynamic treatment of the relation 
between particle size and melting temperature. There are 
indications that melting is initiated at the surface and that the 
solid-liquid interface sweeps rapidly through the solid at the 
melting temperature. The formal and physical elements of the 
indicated nucleation and growth criterion for melting are 
discussed and the existence of upper and lower limits on the 
melting temperature is outlined. Theoretical predictions show 
satisfactory agreement with experimental observations. 





THE effect of particle size on melting temperature has promoted 
explicit theoretical discussions since the early 1900s.and extensive 
experimental investigations have been reported. The qualitative 
experimental features are fairly simple-~a monotonic decrease in 
melting temperature with decreasing particle size*~'°, this vari- 
ation seems to be more substantial in the lower end of the size 
spectrum than in the ‘large’ size regime*" 13-15-19, 

Previous theories have considered the solid~liquid-vapour 
mutual equilibrium!’ (actually a size-dependent triple point'®°?°) 
as the chemical equilibrium condition for a solid sphere embedded 
in bulk liquid’ ® (this, however, is related to the classical supercool- 
ing problem rather than to the melting of small particles), chemical 
equilibrium between solid and liquid spheres of identical radius’. 
In a later theory the ‘thermodynamic melting temperature’ was 
defined as that of Pawlow’’ (although this is not necessarily the 
actual transformation temperature)” '. Several of these and other 
works*"!°-!° have considered solid—liquid contact to be a central 
point: the favoured liquid skin theory considers chemical equilib- 
rium between a finite liquid layer and the surrounded solid at the 
melting temperature* 57°, Unfortunately, no physical criterion 
has emerged by which to determine the liquid thickness: this 
quantity (assumed constant) and the solid-liquid interfacial 
tension are determined by fitting the theoretical expression to 
experimental results. 

In view of these problems associated with previous treatments of 
the size-dependence of melting temperature we have reconsidered 
the problem, and we present a thermodynamic theory of the 
relation between particle size and melting temperature. 


Size dependence of melting temperature 

Unlike in bulk systems, in small particles the mode of melting is a 
crucial element for the construction of a thermodynamic theory of 
melting. The size-dependence of intensive parameters in these 
systems requires that the geometry and extent of both phases be 
determined at the melting temperature. Consequently, it is impe- 
rative to consider the question of the mechanism of melting in 
general, and of small particles in particular. 

First, note the essential asymmetry between melting and 
freezing~-substantial liquid supercoolings are normal, whereas 
there is no significant superheating in solids. There is evidence that 
this lack of superheating is a surface-related effect??~** ; additional 
support for the important role of the surface in initiating melting is 
provided by kinetic studies of superheating?*?°. low-energy 
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electron diffraction (LEED) studies of surface melting and freezing 
of (Pb, Bi and Sn) single crystal surfaces*’ and neutron scattering 
experiments indicating the absence of any bulk phenomena 
associated with melting in Al to within 10° 'K of the melting 
temperature?®. Moreover, molecular dynamics simulations of 
melting in small clusters of (rare gas) atoms indicate quite 
unambiguously that the transition is initiated at the surface??? >t, 
Finally, the fact that liquid metals wet the parent solid, energeti- 
cally favours the initiation of melting at the surface??. 

Evidently, at the melting temperature a liquid layer is formed on 
the surface and moves at a substantial rate into the solid. It is these 
nucleation and growth characteristics of the melting phenomenon 
that may be used to construct a thermodynamic theory of the size- 
dependence of melting temperature. 

The (closed, constant total volume) system considered is an 
isolated one-component collection of non-contiguous metal sphe- 
res at a uniform temperature and individually in mechanical 
equilibrium, resting on a non-interacting substrate. There are no 
dissociated species, no evaporation occurs during melting and 
gravitational effects are assumed negligible. Additionally, the 
difference between surface stress and surface free energy per unit 
area? is neglected. 

It is useful to recognise that a size-dependent absolute lower 
limit on the melting temperature exists. Neglecting the small 
vapour free-energy change this temperature, Tip, is defined by the 
condition that the Helmholtz free energy difference between the 
final, entirely liquid, and initial, entirely solid, particles vanishes. 
The Helmholtz potential is appropriate as there is a pressure 
discontinuity associated with the melting of small particles. In 
equation (1) the subscripts s and | refer to solid and liquid; ¢, areal 
surface work, r, particle radius; v. atomic volume; To, bulk melting 
temperature; and /ọ latent heat, whence neglecting all but first 
order terms 





Although 7), has been discussed as the two-state melting tempera- 
ture’-°-5* it cannot be the actual melting temperature unless the 
mechanism by which the final state ts attained is irrelevant (that is, 
in the limit of vanishing particle size). 

The melting mode, and consequently the actual melting tem- 
perature, involves the formation ofa liquid layer and a criterion to 
determine its spontaneous growth to consume the solid. The 
derivation and formal analysis of the Helmholtz free energy 
difference AF, between a core of solid surrounded by a concentric 
liquid layer and an entirely solid particle is thus complemented by 
the development of a melting criterion: their combined use leads 
directly to a quantitative estimate of the relation between particle 
size and melting temperature and, finally, to a comparison with 
experimental results. For brevity and simplicity we reproduce the 
principal features of the results of this energetic analysis by 
considering (where appropriate) only first-order terms. The 
superscript prime denotes quantities of the combined 
(solid—liquid) system. Those of the entirely solid system have no 
superscript. Pressure. temperature, chemical potential, number of 
atoms, volume and area are respectively, P, T, 4. N, V, A. The 
double subscript si denotes quantities of the solid—liquid interface. 
Matter conservation is assumed between the solid and liquid 
states. Formally, AF; is given by 
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Explicit integration of the relevant Gibbs-Duhem relations pro- 
vides a lengthy and analytically intractable expression for AA; (ref. 
1). Fortunately there are two simplifying approximations which 
retain all essential physical insight of the problem and provide an 
expression amenable to formal qualitative investigation : the liquid 
and solid atomic volumes are taken to be identical (n; = n = r) 
and both of these phases are assumed incompressible. These 
approximations yield the following expression 


_A(Te-T) 4na xi 
AF, = ~- T, ea Ar ~r] + 
+o Anir — 1)? +l — o pAnr? (3) 


where r denotes the initial solid (and here, final liquid) radius and t 
the liquid thickness. This function may be shown to have a 
stationary value (gq, cı and g, are here approximated as size- 
independent) with respect to z (or, here, N,) at constant tempera- 
ture, when 


lo 20.49 
T To- T) = G) (4) 


This is simply the condition that the solid core has the samé 
chemical potential as the surrounding liquid layer. For Gs < 0, 
physical solutions of this relation demand thatr > rand T > To. 
The extremum of equation (4) is then a maximum 


1 (6° AF, 
ae ae ~~ me 


and thus, equation (4) defines an unstable chemical equilibrium. 
An approximate upper limit, Tus, on the melting temperature may 
be inferred from the condition dAF,/SN;)+ > 0 for vanishing t 


os 20, 
Tas = of = a (6) 
o; 


Below To the transformation of solid to liquid is favoured by the 
surface term (due to the wetting condition) and retarded due to the 
volume (latent heat) term. This is the converse of the classical 
nucleation problem and is consistent with the surface-induced 
nature of melting*>. 

If the non-wetting condition o, > a, +4, is obeyed. the possi- 
bility of superheating exists; the condition T < To restores the 
latent heat as the driving force for melting. It seems that a theory of 
the size-dependence of solid superheating analogous to the melting 
theory is possible. This explanation and such a theory relate to 
Peppiatt’s experiments??. 

The Helmholtz free energy difference, AF;, required to form a 
liquid layer on and from the completely solid particle is a 
maximum at the critical liquid thickness, te, defined by equation 
(4). In nucleation theory the probability of attaining this critical 
fluctuation will determine the speed of movement of the 
solid-liquid interface into the solid. A formal relation between 
temperature, the critical Helmholtz energy fluctuation AF, and a 
measure, J, of this rate of movement is given by 


J = Cexpl[-AF/AT) (7) 


where the pre-exponential factor C is only mildly temperature 
dependent and is taken as constant? and equal to that calculated 
by Stowell?®. The critical melting fluctuation AF,, is formally given 
here by equation (3) evaluated at the chemical potential equality 
condition of equation (4). The various dependences (calculated, 
estimated or measured) of quantities needed to determine cor- 
rection terms to the first-order expression quoted here are 
discussed in detail elsewhere’. 


Comparison of theory with experiment 


A comparison of the predictions of this theory with experimental 
results is given in Figs 1-3. Sn, In and Au were chosen because these 
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Fig. 1 Relation between melting temperature (7m) and reciprocal 
particle radius (r~') for tin. —, Calculated: ©, experimental, The 
latter were obtained directly or by interpolation from Wronski? and 
are (except at r~’ = 0.025 A~') midway between the experimental 
scatter. The scatter increases as particle size decreases and con- 
sequently is largest (and mostly unavoidable) at smallest r. At 
r71 = 0.025A~! the apparent upper and lower values of Ta are 


illustrated. The solid curve represents the results of the calculation 
using equations (3. 4 and 7). 
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Fig. 2 Relation between melting temperature (7,,) and reciprocal 
particle radius (r~') for indium. —, Calculated: ©, experimental 
(Pécza, Barna and Barna'*): A. (Berman and Curzon''), The points 
are taken directly from Poeza er al. and directly or by interpolation 
from Berman and Curzon. The scatter in the small size regime is 
illustrated for Berman and Curzon’s data; the error bars reported by 
Poécza et al. for small rare likewise given. The solid curve represents 

the results of the calculation using equations (3, 4 and 7). 
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Fig.3 Relation between melting temperature (Tm) and reciprocal 

particle radius (r~') for gold. —, Calculated; A, experimental 

(Sambles!°): ©, (Buffat and Borel'®). Data obtained and treated as 
for Fig. 1. 


were the only metals with both a sufficient number of surface 
parameters available (latent heats and heat capacities are relatively 
well documented) to allow theoretical calculations and a sufficient 
number of experimental results to allow a significant comparison 
between theory and experiment. The qualitative agreement is 
good. Further, the quantitative agreement is satisfactory in view of 
the approximations involved in the theory, the known lack of 
precision (and accuracy) in some of the quantities and their 
variation and the difficulty in obtaining accurate melting tempera- 
ture and size measurements over such a large range. Actually, the 
only surface parameter we used which had any substantial 
experimental disagreement is gs. We have used values consistent 
with the strong evidence that its direct determination from grain 
boundary grooving measurements?” yields a significantly larger 
value than that inferred from supercooling measurements—the 
latter give a lower limit to Gs. 

These calculations indicate that the critical liquid thickness (f,) is 
not constant for each metal**-’-? but decreases monotonically 
with decreasing particle size. 
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Conclusion 


The thermodynamic theory of the size-dependence of melting 
temperature outlined here seems to provide a satisfactory and 
physically acceptable explanation of the phenomenon and is in 
reasonable agreement with experimental observations. Although 
other treatments have implied that solid—liquid interface move- 
ment is important in the transitiont ®t 52° (Tammann*® was the 
first to suggest that melting is a surface phenomenon) none has 
sought to explore the surface nucleation and liquid layer growth 
characteristics of melting in order to provide a formal treatment of 
the size-dependence of melting temperature. 

One expected and important feature of melting in small systems 
that this treatment predicts is the ‘smearing out’ of the transition as 
particle size decreases. This effect stems from the basic (nucleation 
and growth) characteristics of the melting phenomenon although 
its predicted extent is minimal; and the transition is predicted as 
extremely sharp down to very small particle size. (< ~ 1K even Lat 
thesmall end of the size spectrum.) 
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Calcareous plankton datum-events are referred to the 
Pliocene; Pleistocene boundary at Le Castella, the stratotype 
Calabrian at Santa Maria di Catanzaro, and to deep-sea 
sediments in six piston cores. The boundary is correlated by 
multiple overlapping criteria to a level equivalent to, or 
slightly younger than, the top of the Olduvai Event, giving a 
revised estimate of about 1.6 Myr for the age of the boundary. 
The Pliocene/ Pleistocene boundary is thus coeval with the 
earliest of four major climatic deteriorations in the Pleis- 
tocene, reconciling palaeoclimatic concepts with the chrono- 
stratigtaphical definition of the epoch. 





ESTIMATES of the age of the Pliocene/Pleistocene boundary have 
varied from about 0.6 Myr! to > 4 Myr?3. The absence of reliable 
palaeomagnetic measurements on the stratotype of the Calabrian 
at Santa MariadiCatanzaro* and the boundary~stratotype section 
at Le Castella*° in southern Italy has prevented direct correlation 
with the palaeomagnetic polarity ‘scale’. Over the last decade 
biostratigraphical studies on the critical sections in southern Italy 
and also on palaeomagnetically-dated deep-sea cores have resulted 
in essentially two estimates for the age of the boundary: 1.6-1.8 
Myr, by association with the Olduvai Event’~!! and 2.8 Myr, by 
association with the Kaena Event* 12714, Those who agree with the 
younger date have generally believed that the base of the Calabrian, 
as defined at Santa Maria di Catanzaro’ $. was stratigraphically 
equivalent to the 'marker-bed’ at Le Castella!® ; these workers have 
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referred to the Le Castella ‘marker-bed" section as the reference 
section for dating the age of the boundary. On the other hand, those 
who agree with the older date have consistently referred the 
boundary toa level near the physical base of the Catanzaro section. 
This level, the approximate transition from Pliocene clays to 
sandier beds above that indicate a different environment—the so- 
called Sandy Calabrian—-is more than 75 m below the level of the 
prominent sandy calcarenite, Bed G-G’ of Gignoux’s defining 
study, which was the designated base of the Calabrian Stage 
originally and which is now placed at the base of the Calabrian 
stratotype! 7-18, 

We present here the results of a study of the calcareous plankton 
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(first appearance datum) of the members of the coccolithophore 
genus Gephyrocapsa in four of the palaecomagnetically-dated deep- 
sea cores (Fig. l) and at Le Castella (Fig. 2). The minute size of the 
specimens (commonly 1.5-7 pm) and the subtlety of the criteria 
that distinguish various gephyrocapsid taxa, makes species differ- 
entiation (except the end members of the lineage, G. aperta and G. 
oceanica) under light microscope at best unreliable. Scanning 
electron microscopy. as used in this study, is essential (Fig. 4). 

In core V12-18 G. aperta, the earliest (Fig. 1) and morphologi- 
cally simplest form (Fig. 4a). appears at about 2.25 Myr. More 
evolved forms. such as G. protohuxievi and G. omega, appear 
within the Olduvai Event in cores CH6I-171 and V1I2-18, 
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Biostratigraphy of piston-core samples, showing ranges of taxa that are critical to the correlation of the Pliocene/Pleistocene boundary as 


related to normal-polarity Olduvai Event (hachured interval). Ranges are shown according to observations made in this study: previously published 

observations of range-limts in these cores are indicated by numbered points. as follows. (1), Bielak and Briskin*®: (2), Gartner*?:(3). Saito eral"! (4). 

Briskin and Berggren’”. Location of the various cores is: RC11-220: 14 49'S, 139 58’W: V28-239:03 15°N. 159 11E: V24~-59: 02 34N. 145 37W: 
CH6l-171:26 41.5°N. 39 23W: V16-205: 15 24°N, 43 24°W: V12-18: 28 41.7'S. 34 29.6'W. 


of six palaeomagnetically-dated deep-sea cores, and of the Calab- 
rian sections of southern Italy, We have established a calcareous 
plankton biochronology in the deep sea cores that is applicable to 
these sections and which provides a more accurate means of 
estimating the age of the Pliocene/Pleistocene boundary than has 
previously been possible. We use the geomagnetic polarity scale of 
Cox!®, consider the Gilsa and Olduvai events to be age equiva- 
lent?°, and assign ages of 1.61-1.79 Myr to the upper and lower 
limits of the Olduvai Event. respectively. 


Material 


We have examined. or reviewed literature on, calcareous plankton 
microfossils from six palaeomagnetically-dated deep-sea cores 
(Fig. 1). Planktonic foraminifera from core V16-205 were exam- 
ined by W.A.B. for another study so that two sets of observations 
are shown for that core. Calcareous nannoplankton are selectively 
dissolved and fragmented over the interval of the Olduvai in 
V28--239, but the remaining biostratigraphical data on the cores is 
shownin Fig. 1. By way of comparison, calcareous nannoplankton 
and selected foraminifera have been examined in 60 samples from 
the stratigraphical section at Le Castella (Fig. 2) and samples from 
Santa Maria di Catanzaro (Fig. 3) which were collected by F. 
Barbieri in 1971. 


Calcareous nannoplankton 


The basic biochronological framework for correlating the 
Pliocene/Pleistocene boundary is provided by the sequential FAD 


respectively. In four cores (CH61-171 and V16-205 from the 
South Central North Atlantic: V12-18 from the western South 
Atlantic: and RC1 1-220 from the South-East Equatorial Pacific) 
the upper boundary of the Olduvai is straddled by the FAD of G. 
caribbeanica (below) and G. oceanica (above). Mean ages of 
1.62 Myr and 1.57 Myr respectively are assigned to these FAD 
events. 

In the relatively long South Atlantic core V12-18. it has also 
been possible to assign ages to the LAD (last appearance datum) of 
the last four remaining discoasters of late Pliocene age. Discoaster 
surculus, D. asymmetricus and D. pentaradiatus disappear sequen- 
tially around 2.3 Myr, just before the FAD of G. aperta (Fig. 1). 
The terminal discoaster, Ð. browveri, disappears within the 
Olduvai Event, but apparently slightly earlier (that is. near the base 
ofthe Olduvai. ~ 1.8 Myr) in the South Atlantic core V12-18 than 
in the Central North Atlantic (CH61-171. V16-205). or Equa- 
torial Pacific (RC! 1-220, V24-59) where it disappears close to the 
top of the Olduvai Event. ~ 1.64 Myr. Specimens occur rarely and 
sporadically above this level in some cores. Considering the ease 
with which calcareous nannoplankton can be reworked into 
younger strata. the D. broweri LAD as shown incores CH61-171. 
V 16-205, and RC1 1-220 may be slightly younger than the actual 
extinction level of this species. A three-rayed variety of this species 
becomes more numerous near the LAD in many cores. 

The sequence of evolutionary events in the Gephyrocapsa 
lineage seen in the deep sea cores also occurs in the Le Castella 
section (Fig. 2). We have examined in detail 60 nannoplankton 
samples from this section under both light and scanning electron 
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microscopes. Gepiirocapsa aperta is found in sample CAT 3, some - 
‘105 m below the boundary marker bed. G. protohuxleyiis found in 
sample CAT 14, about 40 m below the marker-bed and mor- 
phologically typical G. curibheanica (that is. comparable with the 
« holotype) and G. oceanica are found in samples CAT 34 and CAT 
«36, ~ 30 and 25 m below the marker-bed, respectively. Through- 
out the Le Castella section, reworked discoasters of early and late 
- Tertiary age are found. But, some 50 m below the marker-bed, D. 
: brouweri, the terminal representative of the genus, decreases 
abruptly in abundance: approaching this level from below, it 
occurs relatively numerously and continuously and the three- 
rayed variety grows relatively more numerous. Above this level, 
however, it occurs relatively rarely and sporadically and about 
15m below the marker-bed it virtually disappears. This distri- 
bution pattern of D. brouweri has been observed previously?!, and 
we consider the true LAD of D. brouweri to be ~ 50 m below the 
marker-bed. 


Planktonic foraminifera 


In the same samples, a series.of planktonic foraminiferal datum 
levels are also associated with the early Matuyama Epoch, and the 
Olduvai Event in particular t, 

In the subtropical South (Vi2-18) and North (V16-205) 
Atlantic the LAD’s of Globorotalia miocenica and Globorotalia 
exilis fall within the interval of 2.2 to 2.0 Myr, slightly below the 
Olduvai Event. The FAD of Globorotalia truncatulinoides is 
associated with the base of the Olduvai Event, occurring some 
10-20 cm below it in Equatorial Pacific core V28-239. and 
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10-20 cm above it in subtropical North Atlantic cores V16~205 
and CH61-171. The LAD of Globigerinoides obliquus is virtually 
coincidental with the top of the Olduvai Event in V16-205 and 
V12-18 (Fig. 1)and with the marker bed at Le Castella (Fig. 2). The 
LAD of Globigerinoides fistulosus also seems to be close to the top 
of the Olduvai Event (mid-part of Olduvai in V12-18: coincident 
with the top in V24-59 and slightly above it in V28-239). An 
anomalously young (~ 1.3 Myr) LAD of this species is noted in 
RC1 1-220. 

The lowest recorded occurrence of Globorotalia truncatulinoides 
at Le Castella is ~2 m above the Pliocene/Pleistocene boundary 
(Fig. 2) and at Santa Maria di Catanzaro ~ 30-40 m below Bed 
G-G’ (Fig. 3). Various other levels for this first occurrence have 
been cited! 162223 but this unreliability seems to be due prim- 
arily tothe extreme rarity of specimens. 


Benthonic foraminifera 


The calcareous benthonic foraminifer Hyalinea balticais generally 
regarded as one of the primary biostratigraphical criteria for the 
base of the Pleistocene in the Mediterranean*’. At Lé Castella the 
FAD of this taxon‘is generally regarded.as coincident. with the 
lithostratigraphical marker-bed (between samples CAT 50 and 51) 
separating Pliocene and Pleistocene’®. But, the range of H. baltica 
has been found?“ to extend at least 25 m below the marker-bed, at 
which level it constitutes 17% of the total’benthonic fauna. At: 
Santa Maria di Catanzaro H. baltica occurs near the base of the . 
exposed section, at least 65 m below Bed G-G' (Fig. 4). Ifthe FAD 
of this taxon was approximately simultaneous within the basin in 
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Fig. 2 Stratigraphical occurrence of 
calcareous plankton taxa and Hyalinea 
baltica at Le Castella (Calabria, Italy). 
Samples (CAT), collected by F. 
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which these two sections are located, it would suggest that the 
marker bed at Le Castella is significantly older than Bed G-G' at 
Santa Maria di Catanzaro. This is. in fact, the conclusion that we 
have reached from the comparison of calcareous plankton datum 
events 


Age of Pliocene/Pleistocene boundary 


If we apply the calcareous nannoplankton biochronological 
framework established from deep-sea cores (LAD of discoasters at 
1.65 Myr and FAD of Gephyrocapsa caribbeanica and Gephyro- 
capsa oceanica at 1.60 Myr: Fig. 1) to the Le Castella section and 
assume a relatively constant rate of sedimentation, a minimum age 
of ~ 1.55 Myr is derived for the level of the marker bed denoting 
the Pliocene/Pleistocene boundary. A similar conclusion with a 
1.4-Myr estimate for this boundary was published by D. Rio? 
But, the association of the Globigerinoides obliquus LAD with the 
top of the Olduvai Event in deep-sea cores und with the marker-bed 
at Le Castella suggests an age closer to 1.6 Myr for the boundary 
level. The upper bathyal clays of the Le Castella section are known 
to include (at least minor amounts of) clastic turbidites that 
contain displaced shallow-water benthonic foraminifera. A uni- 
form sedimentation rate therefore cannot be assumed, and in view 
of these uncertainties we suggest a mean age of 1.6 Myr for the 
Pliocene/Pleistocene boundary at Le Castella. 

There are two lithostratigraphical levels which are cited as 
definitive for the conceptual basis of the Pliocene, Pleistocene 
boundary: (1) Bed G-G’, at Santa Maria di Catanzaro, a 
prominent calcarenitic lens (of turbidite origin) which contains 
abundant fossils of the shallow-water molluse Arctica islandica 
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Fig. 3 Stratigraphical occurrence of 
calcareous plankton and Hyalinea 
baltica at Santa Maria di Catanzaro 
(Calabria, Italy). Samples (CAM), col- 
lected by F. Barbieri in 1971, are the 
same as those studied by Rio?‘ 
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and is generally considered to define the lithostratigraphical base 
of the Calabrian Stage’ ~'*: (2) the indurated (turbiditic) sand 
layer at Le Castella (between samples CAT 50 and 51) and which 
has been generally considered as the boundary-stratotype of the 





Fig. 4 Scanning electron micrographs of important gephyrocapsid 

species used in the biochronology of the Pliocene Pleistocene bound- 

ary interval: a. Gephvrocapsa apertu Kamptner. Core CH61-171. 

43l) cem: b,G. protohuxleri Melotyre. Santa Maria di Catanzaro 

Section. CAM-1: ¢. G. carihheanica Boudreaux and Hay. Core 

V12-18, 709 cm: d. G. oceanica Kamptner, Core CH61-171, 431 em 
x 10,000. 
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Pliocene/Pleistocene'®?°. Correlation between the stratigraphic 
sections and the age of the boundary markers at Le Castella and 
Santa Maria di Catanzaro has caused much controversy. Or- 
thodox opinion has been that the two marker-beds are stratig- 
raphically equivalent'®?? and that the boundary is about 
1.8 Myr!0-11-27, One strongly dissenting opinion’? '*?* has been 
that the true base of the Calabrian, and the Pliocene) Pleistocene 
boundary. is represented by the base of sandy Calabrian beds that 
extend more than 75 m stratigraphically below Bed G-G‘ at Santa 
Maria di Catanzaro, and that this level should be dated at about 
2.8 Myr. In this view, the marker bed at Le Castella is about | Myr 
younger, and represents the base of the Emilian Stage. In contrast, 
another dissenting opinion?®*! holds that the lowermost 
Calabrian—equivalent to the Le Castella section—is missing at 
Santa Maria di Catanzaro because the sandy Calabrian is 
transgressively unconformable on the clayey Pliocene beds, and as 
a consequence all of the Calabrian (s./.) above this contact is 
younger than the Le Castella marker-bed. The contact has also 
been described as a fault'®, but even so, Bed G-G’ clearly seems to 
be younger than the marker-bed at Le Castella. This is because the 
entire 65 m of sandy Calabrian underlying Bed G-G’ contains 
Hyalinea baltica** together with the various Pliocene /Pleistocene 
species of Gephyrocapsa noted above (Fig. 3; see also ref. 14) in an 
association that first appears at Le Castella only a short distance 
below the Pliocene/Pleistocene boundary (Fig. 2). The fact that G. 
obliquus has not been observed in the sandy Calabrian tends to 
confirm the correlation of this section to a level above the Le 
Castella marker-bed (see Fig. 5). 

The presence of discoasters in the Catanzaro and Le Castella 
sections to levels well above the marker-beds has been cited'*:'° as 
evidence that the Calabrian (and the Pliocene/Pleistocene bound- 
ary) is older than the Olduvai Event, but last occurrences of 
nannofossils are less reliable, due to reworking, than first occur- 
rences as biochronological datums; in this particular case the 
argument that the sudden reduction in numbers of discoasters 
about 50 m below the Le Castella marker-bed represents the actual 
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LAD agrees with the nannoplankton biostratigraphy in the deep- 
sea cores (Fig. 1). Thus, all of the discoasters collected in the Santa 
Maria di Catanzaro Calabrian (s./.), both below and above Bed 
G-G are probably reworked because they are stratigraphically 
above the FA Ds of G. caribbeanica and G. oceanica and the LAD 
of G. obliquus. 

We seem now to be faced with a paradox. According to the 
criteria already cited, Bed G-G’ at Santa Maria di Catanzaro 
(which denotes the base of the stratotype of the Calabrian Stage) is 
younger than the marker-bed at Le Castella (which denotes the 
Pliocene/Pleistocene boundary). If this is so, then the section of 
sandy Calabrian below Bed G-G is both Pliocene because it ispre- 
Calabrian, and Lower Pleistocene because it is younger than the 
Pliocene/Pleistocene boundary. By accepting the view that there is 
only one definition of the Pliocene/Pleistocene boundary, that of 
Le Castella, we resolve the paradox and simultaneously de- 
monstrate the value of the ‘golden spike’ in picking apart such 
conundrums. 


Calabrian, Emilian 

and Sicilian 

The stage-subdivisions of the Italian Lower Pleistocene are based 
partly on geomorphological and continental evidence, and partly 
on marine invertebrate biostratigraphy, because of the en- 
vironmental and stratigraphic effects of glacio-eustatic changes?. 
Radiometric dating® 3755 of strata assigned to Pleistocene stages, 
therefore, is not clearly applicable to the marine sequence, nor is 
the marine sequence well-correlated. To cope with this, Ruggieri 
and his colleagues?! proposed the use of invertebrate datum 
events—the FADs of Arctica islandica, Hyalinea baltica, and 
Globorotalia truncatulinoides—to identify the beginning (base) of 
the successively younger Calabrian, Emilian, and Sicilian Stages, 
respectively. In this proposed arrangement, the section at Santa 
Maria di Catanzaro from Bed G-G’ upward is specifically 
correlated to the Sicilian Stage of Palermo}! because the occur- 
rence of A. islandica in Bed G-G’ is (rightly) held to be accidental, 


ESTIMATED CHRONOSTRATIGRAPHIC 
POSITION OF ITALIAN STRATOTYPES 


CALCAREOUS NANNOPLANKTON |PLANKTONIC FORAMINIFERA Sta. Maria di Catanzaro 


Fig.5 Pliocene/Pleistocene calcareous 
plankton biochronology in deep-sea 
cores and estimated chronostratigra- 
phical position of about 1.8 Myr (*) in 
one of the cores studied (V12—18). The 
upper limit of this species, as shown 
here, may thus be somewhat younger 
than the actual extinction datum, due to 
reworking at the depositional interface. 
©. Atlantic only. 


Discooster 


penterodiatus 


surculus 
osymmetricus 


Gephyrocopse 


protohwurley: 


è 
$ 
` 
s 
< 
Š 
kg 


G. obliquus 


| Morker Bed 
F=-|Plio—Pleistocene 
Boundary 


? toulted 
section 


G. truncotulinoides 


G. miocenica 


Strot 

Sigal Ml 
Pliocene levels west 
of Le Costello 





488 


but the occurrence of Globorotalia truncatulinoides close to this 
level is held to represent the true FAD of this species and thus the 
base of the Sicilian. 

Aside from violating the principle that stratotypes, not fossils, 
define a stage, the proposal?! is untenable on the basis of 
biostratigraphy cited here. First, H. baltica ranges down through 
the sandy Calabrian at Catanzaro?}, and down to 25 m below the 
Pliocene/Pleistocene marker-bed at Le Castella*+, which would 
indicate that these strata belong to the Emilian, not the Calabrian 
Stage, and that there is, apparently, no Calabrian in Calabria at all. 
Second. the occurrences of Globoretalia truncatulinoides in the 
Phiocene/Pleistocene of Calabria are rare and unreliable, and the 
evidence from areas where it is more abundant indicate that its 
FAD precedes that of G. caribheanica and G. oceanica (Fig. 5) and 
thus, one may presume, the FAD of H. baltica (see Fig. 2) In 
summary, to follow the proposal of Ruggieri and others?! in this 
region would first eliminate the Calabrian in its present form by 
invalidating its stratotype and burying it in the Sicilian Stage. and 
then would extend the base of the Sicilian (in theory) below that of 
the Emilian as well. These assumptions as to the relationships of 
the lower age limits of the proposed defining taxa are incorrect, or 
(in the case of the shallow-water mollusc A. islandica) not 
demonstrable, at least in the type Calabrian area. 


Correlation of 

discoaster extinction level 

We have observed that the extinction of discoasters at Le Castella, 
marked by a sudden drop in relative abundance of D. browweri that 
signifies the transition from autochthonous to recycled status, is in 
close association with the sequential first appearance of various 
species of Gephyrocapsa (Fig. 2). The same relationship in the 
biosiratigraphy of deep-sea cores that overlap the top of the 
Olduvai Event (Fig. 1) allows us to correlate the 
Pliocene/Pleistocene of Calabria to the deep-sea record (Fig. 5). 
Kaneps** has likewise observed that in equatorial-Pacific core 
RC12-66. the uppermost autochthonous occurrence of dis- 
coasters is within carbonate-minimum 17 near the top of the 
Olduvai Event. at about 1.65 Myr. But, at DSDP Site 132 in the 
Mediterranean this datum was found to be below Mediterranean 
carbonate-minimum M21. within the upper Gauss polarity-stage 
at about 2.6 Myr, and soit was suggested that the extinction datum 
of discoasters was correspondingly earlier in the Mediterranean 
basin than in the open ocean due to differential cooling of the 
Mediterranean. Our data suggest, on the other hand, that D. 
brouweri, the last of the discoasters, became extinct in the 
Mediterranean and in the tropical Pacific and Atlantic oceans 
almost simultaneously. The apparent diachroneity cited in DSDP 
Site 13234 may be due to local effects, or to miscorrelation. 


Palaeoclimatic history 
and the beginning of the Pleistocene 


When the Pliocene/Pleistocene boundary was correlated to the 
beginning of the Olduvai Event according to the best data of a few 
years ago’ '!!, oceanographers found that there were no identifi- 
able major climate changes in the deep-sea record (the land record 
was simply too vague) that could be correlated to such a boundary. 
This seemed to justify a new approach to the boundary, implicit in 
the recommendation of the 1948 International Geological Con- 
gress?* that the boundary be defined by the base of the Calabrian 
Stage in ltaly--the beginning of the golden spike concept. 
Abandoning any reference to palaeoclimatology seemed healthy 
iconoclasm at the time, because of irritating and unreconcilable 
arguments that were beginning to arise out of radiometric dating 
on ‘the earliest glacial event ranging from 0.5 Myr to 3 Myr?!4 or 
more-~—evidently palaeoclimatic models had different attributes in 
different places. 

The Globorotalia truncatulinoides datum has new proved to bea 
weak reed, and with the correlations described here we are on 
firmer, slightly different ground. It has long been supposed that the 
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change from Piacenzian clayey sediments to the markedly different 
lithology and colder-water fauna of the Calabrian was a reflection 
of Pleistocene climate replacing pre-glacial Pliocene!°2728, and 
the 1948 Commission referred to this in its recommendation? 5, 
(For those unfamiliar with golden spikes, the reasons for establish- 
ing a physical reference point as a boundary definition become 
immaterial once the definition, or spike, is pounded in.) But, 
oceanographers, accustomed to the truncatulinoides connection, 
have habitually ignored or discounted the palaeoclimatic criterion 
as wishful thinking by workers bemused by over-dramatic con- 
cepts of the Ice Ages. 

With the revised estimate of 1.6 Myr for the boundary, these 
conflicting concepts of the beginning of the Pleistocene seem to be 
reconciled. Synthesis of marine and nonmarine data for the Late 
Neogene had already shown that the first major glacial advance in 
North America, the Nebraskan, and correlative climate-induced 
effects elsewhere, should be dated close to 1.5 Myr3°, and that 
three others begin at approximately 0.9, 0.6. and 0.3 Myr re- 
spectively. More recently, quantitative factor-analysis and 
oxygen-isotope studies of microfossils in cores from the equatorial 
Pacific and tropical North Atlantic?’ 38 have been used to derive 
Pleistocene—palaeoclimatic curves. These show clearly-developed 
periodicities of 92,000 yr—as predicted long ago by Milankovitch 
according to computations of orbital precession and recently 
used, with varying success, in Late Pleistocene 
climatostratigraphy !!639-— superimposed on much broader and 
stronger climate cycles with a periodicity of about 500,000 yr. The 
earliest of four of these major cold-water, high-salinity, high- 
seasonality peaks seen in the North Atlantic core?’ centres at 
1.5 Myr, just above the top of the Olduvai Event. This palaeo- 
oceanographic feature is clearly to be equated in age with the 
Nebraskan glaciation®°. From the data presented here, it can also 
be clearly equated with the Pliocene Pleistocene boundary as 
defined by the marker-bed at Le Castella. 
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Cultured epithelial cells of cornea, conjunctiva and 
skin: absence of marked intrinsic divergence 
of their differentiated states 


Tung-Tien Sun & Howard Green 


Department of Biology, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 





Keratinocytes of three different epithelia grown in cell culture 
express a large number of differentiation markers with either 
no differences or relatively small differences, depending on the 
species. Much of the distinctive phenotype of these epitheliain 
vivo must be due to external modulation and relatively little, 
at least in the case of the human, to permanent intrinsic 
divergence during development. 





THE corneal and conjunctival epithelia and the epidermis are 
stratified squamous epithelia. Cells in the basal layer of all three 
seem similar, but differentiation in the superficial layers ‘is 
obviously different. The corneal and conjunctival epithelia do not 
possess the granular cell layer and anucleate stratum corneum 
typical of epidermis. Since all three epithelia rise embryologically 
from closely related precursors, it is not surprising that they should 
share some common properties ; but as these epithelia later become 
very different, they might be thought to have diverged markedly 
and irreversibly during embryogenesis. 

With proper fibroblast support, human epidermal cells (keratin- 
ocytes) can be grown serially in cell culture™?, where they show 
many of the differentiation markers characteristic of this cell type 
in vivo. Single cells give rise to colonies, each forming a stratified 
squamous epithelium containing multiplying and differentiating 
cells. The cells synthesise keratins (T.-T.S. and H.G. unpublished) 
and grow in size, eventually forming cornified (cross-linked) 
envelopes**, The final stages of epidermal differentiation are 
promoted by placing the cells in suspension—a condition which 
does not permit the cells to grow; instead they become permeable 
to Trypan blue. their keratin filaments become detergent insoluble. 
they form cross-linked envelopes, and with the aid of serum 
plasminogen, their nuclei are digested’. 

We describe here the behaviour of corneal and conjunctival 
epithelial cells when grown in the same conditions. They can 
multiply and carry out the same programme of differentiation as 
the epidermal cells, including some aspects not observed in vivo, All 
three cell types are clearly keratinocytes and, at least in the case of 
the human, their behaviour in common culture conditions is so 
nearly the same that we are not able to distinguish them. In the case 
of the rabbit, there are some persistent, though small, differences 
between the keratinocytes of different origin. 


Fibroblast dependence and effect of EGF 


In earlier studies of cultured corneal epithelial cells, fibroblast 
support was not provided® ë, but epidermal keratinocytes have 
since been found to require the support of fibroblasts in order to 
form colonies'. This support was usually provided in the form of 
lethally-irradiated 3T3 cells at a density of about 20,000 cm~? 
inoculated together with or before the keratinocytes. In these 
conditions, the keratinocytes form expanding colonies. displacing 
the 3T3 cells from the vessel surface. The epidermal cells are serially 
cultivable and grow through many cell generations. In the human, 
epidermal cells do not transform into established lines and retain 
the diploid chromosome number'!. 

This culture system was applied to epithelial cells of cornea and 


conjunctiva. Human corneas were obtained from local eye banks 
and after the endothelial layer and Descemet’s membrane were 
removed with jeweller’s forceps, the remaining tissue (epithelium 
plus a small part of the stroma) was minced to approximately 1-2 
mm? and digested with 0.25 °% trypsin and 0.002 ° EDTA at 37°C 
for 30-45 min. The disaggregated single cells were then plated with 
irradiated 3T3 cells. Multiplication of human fibroblasts was 
inhibited by the 3T3 cells, but ifmecessary, human fibroblasts were 
selectively removed with 0.02% EDTA after the epithelial colonies 
grew to appreciable size!-*. 

Figure | shows subcultures containing cornea! epithelial and 
epidermal colonies 11 d after inoculation of 5 x 10* cells together 
with irradiated 3T3 cells. The colonies stained red with Rhodanile 
Blue and were of similar size and appearance. In the absence of 3T3 
cells, neither epithelial cell type formed colonies; as there were no 
fibroblast colonies either, the cultures did not contain appreciable 
numbers of living human fibroblasts. 

In the presence of epidermal growth factor? (EGF), the cells of 
large colonies of epidermal keratinocytes sustain their growth rate 
much better than in its absence’. Corneal epithelial cells were 
similarly responsive, judging from the size of the colonies (Fig. 1). 
Such an effect of EGF is to be expected from its action on intact 
corneal epithelium'°. Conjunctival epithelial cells were similar to 
corneal epithelial cells in their colony-forming properties and EGF 
responsiveness. ; 

When examined under the phase microscope, the basal cells of 
colonies of human corneal epithelial cells (Fig. 2a) seemed 
similar to those of epidermal cells (Fig. 26) in their shape, their 
mosaic-like arrangement and their ability to displace the 3T3 cells 
from the vessel surface. The stratified structure of the colonies, and 
the silver-staining properties of the superficial cells* were also very 
similar. 

Four strains of corneal epithelial cells, originating from donors 
aged between 25 and 60, and growing in the presence of EGF, were 
subcultured twice and grew through a total of about 30 cell 
generations. Although epidermal cells of newborn donors can 
grow through many more generations’, the culture lifespan of 
corneal epithelial cells in the present experiments seems similar to 
that of epidermal cells of adult donors’. 


Synthesis of keratins and other cellular proteins 


The keratins of bovine epidermal stratum corneum have been 
characterised electrophoretically!':'*. Those of cultured human 
epidermal cells and human stratum corneum have recently been 
found to be similar in solubility, electrophoretic behaviour. 
immunological reactivity and ability to assemble into filaments in 
vitro (T.T.S. and H.G., unpublished). 

The proteins of cultured epidermal, corneal and conjunctival 
epithelial cells were compared by electrophoresis in polyacry- 
lamide gels containing sodium dodecyl sulphate (SDS). Figure 3a 
(track 1) shows the total protein of human corneal epithelial cells 
extracted with 2% SDS and 1% f-mercaptoethanol. Identical 
patterns were obtained from epidermal and conjunctival cells. In 
addition to the large number of protein bands unrelated to 
keratins, there were present several intense bands of keratins witha 
molecular weight range from slightly greater than that of actin 
(42,000) to slightly greater than that of tubulin (55,000). The non- 
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Fig.1 Colony formation. fibroblast dependence and the effect of EGF. Human corneal epithelial cells (5 x 10*, strain B, donor aged 25 yr. secondary 

culture) and epidermal cells (5 x 104, strain M. newborn donor culture) were plated in 60-mm dishes with or without 4 x 105 lethally-irradiated 3T3 

cells. To some dishes, epidermal growth factor (EGF) was added to a final concentration of 15 ngml-!, starting on the third day after plating?. After a 
total of 11 d. the cultures were fixed with 10°, formalin and stained with Rhodanile Blue'®. 


ke è keratin proteins can be removed selectively by extraction in dilute 
buffer. leaving substantially only the keratins to be extracted with 
SDS and reducing agent (Fig. 3a, tracks 2-5). Tracks 2. 3 and 4 
show no consistent differences in the position or relative intensity 
of the keratin bands of corneal and conjunctival epithelial cells and 
of epidermal cells. No keratins were detected in fibroblast extracts 
(track 5). 

In order to compare the keratins of the different cell types 
further, antiserum specific for epidermal keratins of human 
stratum corneum was prepared and tested in double diffusion 
experiments against an extract of the total protein of each cell type. 
It was found that the proteins of cultured epithelial cells of 
epidermis. cornea and conjunctiva reacted strongly with the 
antiserum and showed a precipitin band in common with one of the 
bands produced by the keratins of stratum corneum (Fig. 4). A 
second precipitin band produced by the keratins of stratum 
corneum was not present in any of the cultured cell types and may 
have been due to a 63.000-molecular weight protein known to be 
present in stratum corneum, but not in corneal epithelium or any 
cultured keratinocytes (unpublished). No visible precipitin band 
was produced by the proteins extracted from human fibroblasts. 





Increase in cell size and 
formation of cross-linked envelope 


During differentiation in culture, human epidermal cells increase 
their cell size and protein content’ as they do in viro'*. Figure 5a 
shows that, like epidermal cells. trypsin-disaggregated corneal 
epithelial cells adopted an approximately spherical shape and 
could be seen to vary greatly in size. The smallest cells. which are 
probably the basal cells. had a diameter of about 12 jum. The 


a 


Single colonies of corneal epithelial and epidermal cells 
Primary colony of corneal epithelial cells of strain B(a)and secondary 
colony of epidermal cells of strain M (b) 11 d after inoculation. The 
cultures were fixed with buffered 10°, formalin and photographed 
directly without staining. One margin of each colony appears in the 

right hand side of the pictures. Phase-contrast microscopy. 
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largest cells. probably the superficial cells of the epithelium®. 
exceeded 35 ım in diameter. Some of the large cells possessed 
cross-linked envelopes similar to those made by terminally 
differentiated epidermal keratinocytes. The presence of these 
envelopes was demonstrated by heating a trypsinised cell suspen- 
sion in the presence of 5", SDS and 1", /-mercaptoethanol. a 
procedure which dissolves entirely cells without such envelopes 
but only the intracellularcontents of cells with envelopes® (Fig. 5). 
The insolubility of the envelopes is due to proteins cross-linked by 
é-(7-glutamyl)-lysine bonds*. As in the case of epidermal cells. 
usually 5-10", of the cells in surface cultures of corneal epithelial 
cells possessed cross-linked envelopes. 

Cross-linked envelopes were also found in human corneal 


epithelium in vivo. Samples were scraped from the surface of 


excised corneas with a knife, and treated directly with detergent 
and reducing agent. Microscopic examination showed that en- 
velopes were abundant. These envelopes preserved the flattened 
shape of the cells in vivo, as they do even in cultures of epidermal 
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The proteins of cultured epithelial cells of cornea. con- 
Junctiva and epidermis. «u. Human. 3T3 cells were removed from 
nearly confluent epithelial cultures with isotonic buffer containing 
EDTA (refs 1. 3). The epithelial cells were collected in a small volume 
of the same buffer with the aid of a rubber policeman. Half of the cells 
were extracted directly with a solution of 2", SDS and |", p- 
mercaptoethanol at 100 C for $ min. The extract was analysed by 
12.5", dise polyacrylamide gel electrophoresis in the presence of SDS. 
The other half of the cells were first extracted with several changes of 
100 vol 20 mM Tris-HCI (pH 7.4) and the insoluble proteins were 
then dissolved in detergent and /-mercaptoethanol us before and 
subjected to electrophoresis: protein (50-100 ug) was applied to each 
slot. The direction of electrophoresis was from top to bottom. 
Numbers on the right hand side of the gel denote molecular weights of 
standard proteins including human serum albumin (68.000), tubulin 
(57,000 and 55.000). the heavy chain of human gammaglobulin 
(30.000), and actin (42.000). The bracket at the left hand side of the gel 
indicates the mobility range of the keratin proteins. Samples tn 
different tracks are: 1. total proteins of cultured human corneal 
epithelial cells: 2. insoluble proteins of the same cultured corneal 
epithelial cells: 3, insoluble proteins of cultured conjunctival epi- 
thelial cells: 4. insoluble proteins of cultured epidermal keratin- 
ocytes: 5. insoluble proteins of cultured human foreskin fibroblasts. 
Any apparent difference in band intensity between the extracts of the 
three epithelial cell types was not reproducible. b. Rabbit, 12-d-old 
primary cultures of corneal epithelial cells and epidermal cells derived _ 
from the same |-yr-old animal were collected. Total cellular protein 
was extracted and analysed as for the human. Arrows show two non- 
keratin proteins present only in the corneal epithelial cells. The 
keratin bands. which lie between actin and molecular weight 57.000. 
differ slightly in mobility from those of the human and may be less 
abundant. RCE, Rabbit corneal epithelial cells: RSE. rabbit 

epidermal cells; Std. molecular weight standards. 
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Fig.4 Immunological cross-reactivity between keratins of human 
stratum corneum and proteins of cultured human epithelial cells. 
Stratum corneum was minced and pre-extracted with 8 M urea to 
remove non-keratin proteins. The keratins were then dissolved in 8 M 
urea containing 10 mM dithiothreitol. Rabbits were immunised at 
multiple sites with a total of 20 mg protein over a period of 2 months. 
Antiserum thus obtained was placed in the centre well of an 
Ouchterlony plate and tested against 80-120 yg of total cell protein of 
different cell types extracted with a solution containing 1°, SDS, 
10 mM dithiothreitol and 10 mM Tris-HCI (pH 7.4). 1. Keratins of 
Stratum corneum (30 ug): 2. extract of cultured epidermal keratin- 
ocytes: 3. extract of cultured corneal epithelial cells: 4. extract of 
cultured conjunctival epithelial cells: 5, extract of cultured human 
dermal fibroblasts. The double diffusion test was performed in an 
agar plate containing 0.1",, SDS. 0.5", Triton X-100, 0.01", Thime- 
rosal. in addition to phosphate buffer and 1", Agarose. basically 
according to Yen er a/.2". 


keratinocytes when the cells are treated with the reducing agent 
and detergent without previous trypsinisation®, 


Terminal differentiation of suspended cells 

When human epidermal cells are suspended as single cells in 
medium stabilised with methylcellulose (methocel). they develop 
disulphide-stabilised keratin filaments and become insoluble in 
SDS solutions. These conditions also greatly favour the formation 
of cross-linked envelopes. Eventually, the cell nuclei are de- 
stroyed*. 

By all three criteria, human corneal epithelial cells were found to 
behave similarly. Within a few days in suspension, all the cells 
became insoluble in detergent. and about 50°., developed cross- 
linked envelopes (Fig. 6). About 80°, of the cell nuclei were 
destroyed within 9 d. 


Properties of rabbit keratinocytes in culture 

In order to compare the same cell types from another species, 
experiments were carried out on epidermal and corneal epithelial 
cells of the rabbit (newborn to | yr old). Both formed stratified 
squamous epithelial colonies in surface culture and developed 
detergent-insoluble keratin filaments and cross-linked envelopes 
in suspension. Both cultured cell types were shown to possess 
desmosomes and tonofilaments on electron microscopic exam- 
ination, and both contained keratins demonstrable by elec- 
trophoresis (Fig. 34). It is clear that. as in the human. both cell 
types are keratinocytes: the two cell types of the rabbit could. 
however, be distinguished in culture. For example. although the 
corneal epithelial cells formed cross-linked envelopes in methocel 
suspension, they did so with lower frequency than epidermal cells 
and did not form envelopes at all in surface culture. This is perhaps 
related to the fact that. unlike that of the human, the corneal 
epithelium of the rabbit in rivo does not possess cells with cross- 
linked envelopes. Rabbit corneal epithelial cells grew poorly on 
subculture in comparison with the epidermal cells. Finally. the 
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culturedrabbitcorneal epithelial cells contained two water-soluble 
non-keratin proteins not present in epidermal keratinocytes (Fig. 
3b). 


External modulation or intrinsic 

divergence of differentiated state 

By the criteria already described, the cultured cells of all three 
epithelia are keratinocytes (to be distinguished from fibroblasts of 
corneal stroma. sometimes referred to as keratocytes). In the 
human cell cultures we have been unable to distinguish the three 
cell types by any criterion. The same differentiation markerscan be 
expressed in culture by epidermal and corneal epithelial cells ofthe 
rabbit. although theculture phenotypes of the two cell types are not 
identical. These results suggest that an important part of the 
differences between these epithelia i vive results from differences in 
the local environment in which the cell type is found. 

One obvious local difference is related to the adhesiveness of the 
superficial cells of the epithelium. A dry-surfaced epithelium (skin) 
invariably possesses an unucleate stratum corneum, whereas wet- 
surfaced epithelia frequently do not. Whether an anucleate cell 
layer is present or not may simply bea matter of the adhesiveness of 
the superficial cells, which in turn could be affected by the degree of 
hydration. If adhesiveness is low, detachment may occur before 
differentiation is complete. This occurs in surface cultures of 
epidermal keratinocytes; nuclear destruction is completed, for the 
most part, after detachment of the squames*. rather than before, as 
in intact skin. Similarly. we have shown here that nuclear de- 
struction takes place in corneal keratinocytes suspended in 
methocel much as it does in epidermal keratinocytes, although 
corneal epithelium does not normally possess a stratum corneum. 

A second and perhaps more important difference is related to the 
nature of the cells located beneath the epithelium. Instructive 
effects of the underlying connective tissue are known to specify 
keratinocyte behaviour in adults'* as well asin embryonic life! $. In 
our cultures of the various epithelia. the fibroblast population 
consists mainly of (irradiated) 3T3 cells. For the reasons men- 
tioned, fibroblasts of the type associated with the epithelium in vivo 
were virtually absent from the cultures studied. The very similar 
phenotype exhibited by the cultured keratinocytes might be 
explained by either absence of specific fibroblast instruction or the 
presence of common instruction provided by the 3T3 cells. The 
possibility exists that any one of these keratinocyte types, especially 
in the human, placed in the in vivo site of one of the other, even after 
birth, would conform in phenotype to the other keratinocyte type 
and generate the site-specific epithelium’ +°. 





Fig.5 Cell enlargement and formation of cross-linked envelopes by 
cultured human corneal epithelial cells. u. Heterogeneity of cell size in 
the growing colonies, 3T3 cells and any contaminating living 
fibroblasts were removed selectively from a nearly confluent 17-d 
primary culture with EDTA. The remaining corneal epithelial cells 
were trypsinised and an aliquot of the single-cell suspension examined 
in a haemocytometer chamber under the phase microscope. Note the 
presence of cells of variable diameter from 12 um to > 35 pm. b. 
Cross-linked envelopes formed in surface culture. To a trypsinised 
single-cell suspension of cultured human corneal epithelial cells, SDS 
and f-mercaptoethanol were added to final concentrations of 5%, and 
1”, respectively and the solution was heated to 100 C for 3 min. The 
photograph taken under phase microscopy shows sev eral of the large 
envelopes remaining. All small cells are dissolved. 
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Fig.6 Terminal differentiation of human corneal epithelial cells in 
methocel-stabilised suspension. Thirteen-day tertiary cultures of 
human corneal epithelia! cells grown in the presence of EGF were 
trypsinised and resuspended at 2x 10° cells mi~’ in medium 
containing 20% foetal calf serum and 1.2% methylcellulose. Aliquots 
were removed at intervals, diluted in isotonic buffer and the cells 
centrifuged. Cells insoluble in detergent (O) alone possess 
disulphide-stabilised keratin filaments. Cross-linked envelopes (0) 
were scored by insolubility in ionic detergent plus reducing agent. 
Cells were also deposited on filters, fixed and stained with 
haematoxylin and eosin, and the proportion of cells possessing nuclei 
was determined*. @. Anucleate cells. 


3T3 cells are known to be fibroblasts! ’, but it is not known from 
what organ they originated, as the line was evolved from mixed 
mouse embryo cell cultures!*. This may not be important insofar 
as ability to support proliferation is concerned, since human 
diploid fibroblasts of non-dermal as well as of dermal origin 
support the growth of epidermal keratinocytes’*'”. The experi- 
ments described here also show that the ability of 3T3 cells to 
support keratinocyte multiplication is not specific for the type of 
keratinocyte. Although the fibroblast products necessary for the 
support of keratinocyte growth have not yet been identified, they 
may be different from those involved in instructive effects. 

Whatever the special conditions that may modulate their 
differentiated state in vivo, the three cell types can, in the human, 
show a common phenotype in culture in which all the properties 
examined, including the differentiated ones, are expressed equally. 
In the case of the rabbit, although all the differentiated properties 
can also be expressed in culture by corneal and epidermal cells. the 
differences between the two cell types grown in identical culture 
conditions show that conversion to a common phenotype is not 
complete. Thus in this species, the intrinsic differences may make a 
significant contribution to the phenotypic differences between the 
two epithelia in vivo. 

These investigations were aided by grants from the National 
Cancer Institute. Human corneas were provided from local eye 
banks by Drs Beatrice Y. J. T. Yue, and Jules L. Baum and Miss 
Rasma Niedra. 
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Rapid fluctuations of radio 
flux and polarisation in quasar 3C273 


Quasar 3C€273, one of the brightest and most studied 
quasars, is variable over a wide wavelength range. The 
changes of its luminosity may occur on a timescale of a 
few years or of several days in both the radio! and optical?’ 
range. There are variations of linear and circular polarisa- 
tion in the radio domain‘ and sometimes the optical eris- 
sion is circularly polarised’, The data from our simul- 
taneous radio and optical observations show rapid varia- 
tions of radio flux and circular polarisation at A = 1.35 cm, 
and of optical linear polarisation of 3C273 within one day 
or several hours. These variations are possibly more rapid 
than those previously reported. 

Total flux / and intensity V of circular polarised emission 
at 1.35cm of the quasar 3C273 were measured during 
March-April 1976 using the 22-m radio telescope of the 
Crimean Astrophysical Observatory. The angular resolu- 
tion of the radio telescope was 2.5’X2.6’ and the sensitivity 
was about 0.7 Jy with a time constant of Is using a 
switched receiver with a maser as a high-frequency pre- 
amplifier. Beam switching in the azimuth plane was used 
to reduce the influence of fluctuations of atmospheric radio 
emission, The quarter-plate analyser was placed behind the 
central circular feed. The main and reference beams had 
orthogonal polarisation and measurements of flux J were 
made by an ‘on-off’ method similar to that described in 
ref. 6. A minicomputer operating on-line processed the 
output signals of the receiver and checked its amplifica- 
tion’. Flux density was measured relative to the standard 
sources Saturn (brightness temperature 128+5K) and the 
thermal source DR21 (flux density 19.5+0.6 Jy). The 
water line at 1.35cm lies in the received band, so the 
atmospheric attenuation may be variable. Therefore, to 
eliminate the influence of the atmospheric extinction varia- 
tions the standard sources and the control source 3C274 
were measured just before or after 3C273 and at about the 
same zenith distances. The corrections for extinction in this 
case did not exceed a few per cent. The r.m.s. error of 
the total flux determined with the aid of 3C274 does not 
exceed 2.5%. Zero level for parameter V was found by 
observation of DR21I which is expected to have zero 
circular polarisation; it showed no fluctuations in excess of 
the r.m.s. errors (its mean value found here is 
~0.35+0.07% where minus corresponds to left-handed 
polarisation). 

Concurrently with radio observations of 3C273 optical 
observations were carried out with a polarimeter’ at the 
Cassegrain focus of the 2.6-m Crimean reflecting telescope. 
The optical intensity and the linear polarisation were 
recorded in B and V spectral bands with As: = 430 and 
540 nm respectively. The optical flux was measured with 


respect to the comparison star 50” to the West of 3C273 
and polarisation was calibrated with the aid of standard 
stars*, 

The results of radio and optical measurements are shown 
in Fig. 1. They sometimes show rapid intensity fluctuations 


Fig. 1 a, Variations of the radio flux of 3C273 at 1.35 cm; b, 

the degree of circular polarisation 3C273 at 1.35 cm; v, the radio 

flux of control source 3C274; d, the optical brightness 3C273 at 

the B band in magnitudes; e, the degree of linear polarisation of 

optical radiation in the B (@) and V (©) bands. Vertical bars 
show the value of r.m.s. error. 
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of radio emission of 3C273 in a period of one day (22 and 
29 March, 5 and 7 April) whereas the optical brightness 
remains nearly constant. The total (peak-to-peak) amplitude 
of relative variations of the radio flux from 3C273 is 33%, 
twice as large as that of the control source 3C274. The 
ratio of corresponding dispersions is 11.3 and is statistically 
significant at the <0.5% level. On the two days 22 and 29 
March, variations of the radio flux of 3C273 reaching 20% 
were observed over about 4h, although the intensities of 
3C274 measured at the beginning and at the end of these 
runs did not differ significantly. The rapid decrease of 
radio flux on 29 March was accompanied by an increase 
in the degree of circular radio polarisation p. from the 
average value of 0.24+0.07% to 2.140.2% and by the 
appearance of the optical linear polarisation beyond the 30 
range. Another such fluctuation of optical linear polarisa- 
tion took place near 7 April when the radio flux was also 
at a minimum. The planes of polarisation on these two 
occasions were quite different (see Fig. 2). 





0 +0.1 +0.2 
QIT CR) 
Fig. 2 Diagram of normalised Stokes parameters Q/I and U/I 
for optical linear polarisation of 3C273 at the B band. l, 


24 March; 2, 29 March; 3, 30 March; 4, 3 April; 5, 4 April; 
6, 7 April 1976. Bars show the r.m.s. errors of each parameter. 


-0.2 -0.1 


A similar phenomenon, but with a slower decrease of 
the fux of 3C273 by 20%, was observed earlier at a wave- 
length of 3.5 cm on 23-27 May, 1969 (ref. 9). There is also a 
report about the decrease of the flux density at 7.2 cm of 
another source OJ287 of the same amount (20%) over about 
2h (ref. 10). It is remarkable that in OJ287 there is a similar 
correspondence between daily variations of its flux at 
1.35cm and that of optical linear polarisation as in the 
case of 3C273 mentioned here: optical emission is more 
polarised near the minimum radio flux”. 

The observed fluctuation of linear (in optical range) and 
circular (in radio range) polarisation could eventually be 
connected with possible rapid changes of transversal and 
longitudinal components of magnetic field in the quasar 
3C273 during the periods of strong diminution of radio 
flux. This also agrees with the earlier observations of tem- 
porary appearance of circular polarisation in the optical 
range reported in ref. 5 and of the variations of the linear 
and circular polarisation of this quasar at radio wave- 
lengths‘. 
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New high energy y-ray 
sources observed by COS B 


LOCALISED y-ray sources contribute to the overall galactic em- 
ission; some of these sources have been identified with known 
astronomical objects'?, while several unidentified y-ray sources 
have also been reported?*. We describe here a search for y-ray 
sources using data from the ESA y-ray satellite COS B which 
revealed 10 new unidentified sources. These sources seem to be 
galactic with typical y-ray luminosities above 100 MeV in excess of 
103% ergs 7}. 

The COS B satellite was launched in August 1975, and most ofits 
(typically |-month) observations have been devoted to a sensitive 
survey of the galactic plane. The characteristics of the-instrument 
and the important features of the mission are described else- 
where>-®. The data from four of the observation periods, for which 
manual analysis procedures® are complete, have been analysed for 
sources of y rays of energy > 100 MeV, using a method which 
yields an angular resolution of about 2.5° (FWHM). In each case 
the search has been limited to a region 40° wide in galactic 
longitude and 30° wide in latitude centred on the pointing 
direction. The method of analysis has been described in detail 
elsewhere’. 

From the y-ray intensity distributions the statistically most 
significant enhancements’ have been taken together with 
PSR0833-45, to compile the catalogue of y-ray sources shown in 
Table 2. The nomenclature CG n+ is introduced for a y-ray 
source detected by COS B at longitude n° and latitude m 
(truncated values). Table 2 lists the galactic coordinates, and the 
intensities above 100 MeV relative to the Crab (CG185-5). The 
indicated uncertainties in the relative intensities include systematic 
errors, reflecting possible changes in the instrument sensitivity, for 
which corrections are being derived. The intensity of CG185-5 
above 100 MeV of (3.5+1.0) x 107° photonem ~ 7s” '. is found to 
agree with other measurements’. 

The latitude distribution of the detected sources, shown in Fig. 
1, immediately indicates their galactic nature. The absence of 
sources between 7° and 15° is particularly significant because the 
visibility of sources increases with galactic latitude due to the 


Table 1 Observations used in the search for localised sources 





Pointing direction 


Ae) BME) From To 

185 —6 17 August 17 September 1975 
74 0 28 November 24 December 1975 

322 0 23 February 24 March 1976 

126 l 24 June 25 July 1976 


ameen 
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decrease in the background flux contributed by the galactic disk. 
The distribution suggests typical distances in excess of 1 kpe which, 
coupled with typical flux values of 107° erg cm~? s~}, leads to 
individual luninosities in excess of 10°* ergs”. 

The nature of this new class of astronomical objects is intriguing. 
The positional errors virtually exclude unique identification witha 
known object, and the finite angular resolution makes it impossible 
to distinguish between a compact object and an emission region of 
angular dimension up to 2°. Although our results may not be 

representative for the entire galaxy. the sources do contribute 
significantly to the overall y-ray luminosity of the galaxy, in the 
anti-centre region even accounting for most of the emission”. 





=: Table2  }-Ray sources detected by COS B 








Relative 
Source AE) BC) intensity Remarks 
CG64+0 64.5405 0041.0 0.307919 
CG75+0 75.0410 0.0408 0.451015 
CGB+1  78.540.5 +1.540.5 1.004030 
CGI21+3 121041.0 +35+10 0.204719 
CGI3S+1 135.5410 +1.541.0 0.304015 
CG176-7 176.0410 ~7.041.0 0.50+0.10 
canes PSROS31 +21 at 
CGI8S—5 185.3405 —5.640.5 1.00 ee a cee 
CGI89+1 189.0415 +1041.5 0.40+40.10 
CGI954+4 1959410 44.5405 0.90+0.20 19545 (SAS—2) 
PSR0833 —45 at 
CG263-2  263.740.3 -2640.3 3.30+0.50 hRS -Aiat a 
CG312=1 3120410 -15+1.0 04540.15 
CG327-0 3275410 -0541.0 0350.15 
CG333+0 3335410 0.0410 0.704020 





The suggestion by Black and Fazio'®, that interstellar clouds 
could be y-ray sources when bombarded by cosmic-ray protons, 
has been investigated. If the density of cosmic rays is the same 
beyond | kpc as is measured locally, masses in excess of 10°Ms 
would be required to account for the observed source intensities. 
No such massive clouds have been observed near the locations of 
the reported y-ray sources. 

A search for possible X-ray counterparts of the y-ray sources has 
also been made. The weak sources 4U0241 +61 and 4U1416-62 
(ref. 11) are within the error boxes of CG135+1 and CG312—1 
respectively. The soft source Cyg X-7, associated with the 
supernova remnant DR4 (ref. 12) falls within the error box of 
CG78 + l. In addition, hard X-ray emission from the region of 
CG135+1 has been reported'?. Such positional coincidences, 
however. provide only a weak argument for correlation in view of 
the high density of X-ray sources and the size of the y-ray error 
boxes. In any case the absence of strong X-ray counterparts implies 
that the new y-ray sources have substantially higher luminosities 
above 100 MeV than in the 2-6-keV band. H is noted that CG78+1 
is not positionally coincidental with Cyg X-3, for which strong 
periodic y-ray emission at an earlier epoch has been reported!. 
Moreover, a search for the 4.8-h periodicity in the y-ray emission 
from this region has yielded a negative result!*. 

Of the 149 known radio pulsars only PSRO531+21 and 
PSR0833 — 45 are confirmed y-ray emitters. Of the remainder only 
one (PSR061 | + 22) falls within the error box of one of the COS B 
sources (CG189+ 1). for which a search for pulsating y-ray 
emission has been inconclusive!>. 

Future steps towards a better understanding of the results 
presented here should include: (1) sensitive searches for radio 
pulsars and weak X-ray sources near the positions of the 
unidentified sources and (2) searches for timing signatures from 
candidate counterparts: in this context it is noted that CG195 +4 
shows periodic variations! ''®. This search is far from complete, as 
only one-third of the galactic plane has been effectively studied. 
Further analysis of available COS B data will provide a galactic 
distribution of y-ray sources which will permit a comparison with 
other galactic populations. 
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Fig.l Latitude distribution of y-ray sources. The shaded area 


indicates the identified y-ray sources PSRO833—45. and a 
PSROS3I +21. ee. 


The COS B mission is planned to continue until the end of 1978. 
Although much of the observation time is to be devoted ‘to... 
prolonged observations of the galactic plane from /" = 340° to 
M = 90°, special observations to check on the consistency of 
suggested counterparts for already detected sources may be 
considered. 
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Positions of galactic X-ray sources 
Cir X-1, TrA X-1 and 3U1626—67 


THE positions of three celestial X-ray sources were measured 
with the rotating modulation collimators (RMC) on SAS-3 
during a survey of the galactic plane! and are precise to < 25” 
(ref. 2). One of these sources, Cir X-1 (ref. 3), is a highly variable 
X-ray source often compared with the black-hole candidate, 
Cyg X-1. Another, TrA X-I = A1I524—61, is a 1974 X-ray 
nova‘, and the third, 3U1626-—-67 (ref. 5), is a 7.68-s X-ray 
pulsar. The results reported here support recently proposed 
optical and radio identifications’ ~* of these three sources. In 
two cases (TrA X-I and 3U1626—67), they have been instru- 
mental in bringing about the proposed identifications. Cir X-1 
exhibits a binary periodicity! of 16.6 d, extreme aperiodic 
variability on timescales of > 0.1s (refs 11, 12) and 1-3 s (ref. 
13), and flaring'*5 with time constants of a few ms. This 
variability and the absence of a shorter (spin) period’? have 
led to suggestions!!!*~'> that this object may be similar to 
Cyg X-1. The absence of a compelling optical or radio counter- 
part, however, has prevented the further exploration of this 
hypothesis. 








Radio-optical 
star 


Declination (1950) 


«Right ascension (1950) 


Fig. 1 X-ray positions and error regions (90°; confidence) for 
a, Cir X-I and b, TrA X-1. The Ariel V, A, refs 19, 8); Uhuru, 
U, (ref. 11) and SAS-3, 1S, (ref. 21) results precede the present 
work, 2S. The locations of the optical and radio counterparts’:* 
are indicated. (Finding charts are presented in refs 7 and 8). 


A faint (R ~ 16-17, B—R ~ 6) optical star with strong Ha 
emission? and a flaring radio source!’:'* have been proposed as 
counterparts to Cir X-I on the basis of Uhuru’ and Ariel V'* 
X-ray positions. The radio source has been shown’ to lie 
within 2” of the Ha star and the radio flares have been observed 
to occur 0.5-3.0 d after several of the periodic (16.6-d) X-ray 
eclipses. This establishes its identification and its present 
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Fig. 2 Finding charts for the source 3U1626 67 = 281627 — 
673. The optical candidate is star 4 (ref. 9). 


position (Fig. 1, Table 1) removes any remaining doubt about 
the association of the X-ray source with the radio-optical star. 

TrA X-I] was a classic X-ray nova first observed on 12 
November 1974 with the Ariel V satellite’. It became as bright 
as the Crab Nebula on ~ 3 December 1974 and decayed with a 
time constant of ~ 2 months. SAS-3 was launched in May 
1975, and the source was detected with the RMC system in 
June 1975. Preliminary analysis of the SAS-3 data yielded a 
position?! accurate to 1.5’. This together with a revised Ariel V 
position has made possible the recent discovery® of an optical 
nova that was observed at B = 17.5 on a plate taken 15 
December 1974 with the Anglo-Australian Telescope. The star 
subsequently faded with a time constant of ~ 117 d. Earlier 
limits of B > 19.5 and R > 19 were obtained 20 and 5 months 
respectively before the X-ray maximum”. The present refined 
SAS-3 position, accurate to 20’, lies 14” from the position of 
the optical nova (Fig. 1). 

The source 3U1626--67 recently was found® to be a 7.68-s 
pulsar with no evidence for a binary Doppler shift (Porm S 
0.5d or Poy Z 35d). It has a hard X-ray spectrum and is 
variable® by a factor 3 on timescales of 100-300 s. Shortly after 
the discovery of the periodicity, the position of the X-ray source 
was measured with SAS-3. The celestial area defined by the 
measurement is smaller by a factor of 50 than that previously 
obtained® with Uhuru. An optical study of this SAS-3 error 


in Fig. 2) as the counterpart because of its large ultraviolet 
excess (U-- B = —}.2and BV = =.0,2). 

The existence of correlated temporal behaviour has firmly 
established the identifications of two of the sources, Cir X-I 
(ref. 7) and TrA X-I (ref. 8). The proposed identification? of 
3U1626— 67 is probably correct because of the small X-ray error 





Table 1 Celestial positions 





Error Flux 
SAS-3 Other Position (1950) py radius density* 
designation designations a b"! (90%) (y) Comments 
281524~-617 TrA X-i 15h24m06.9s ~61°42’41” 320.3 20” 60 X-ray nova 
A1524-61 231.°0288 —61.7114 — 4.4 Optical nova 
2S1516-569 Cir X-] 15 16 48.6 —56 59 14 322.1 20 25-850 Radio-optical star’ 
3U 1516-56 229.2025 — 56,9872 0.0 
281627-673 3U 1626-67 16 27 13.6 —67 21 23 321.8 25 22 7.68-s X-ray pulsar® 
246.8067 ~ 67,3564 — 13.1 Ultraviolet excess 


star? 





*1.0 ply = 2.2 x 1078 erg cm~? s~? (2-11 keV)P?. 
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region and the marked ultraviolet excess of the proposed star. 
In all cases the identifications were brought about by < 1.0’ 
X-ray and radio positions™! 1719 and the optical counter- 
parts have turned out to be quite faint (B > 17.5). 

We thank J. McClintock, G. Spada, and S. Rappaport for 
helpful conversations, and the staffs of the Center for Space 
Research at M.I.T. and the Goddard Space Flight Center. This 
work was supported, in part, by the US NASA. This is the 
third of a series of articles on determining the positions of X- 
ray sources using SAS-3. 
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Atmospheric waves in the 
ionosphere due to total solar eclipse 


Cuimonas'! predicted that the “cooling spot’ of the Junar shadow 
of an eclipse, which travels at supersonic speeds through the 
atmosphere, is a continuous source of atmospheric gravity 
waves. These gravity waves show up by their interaction with the 
ionosphere and can be detected using standard radio techniques. 
Total electron content measurements? in the USA at a distance 
of several thousand km from the path of totality, detected oscilla- 
tions which were attributed to a solar eclipse in agreement with 
the theory of Chimonas*. Measurements made during the 1973 
central African eclipse? failed to detect any oscillations, although 
these results may have been obscured by the occurrence of a 
Magnetic storm at the same time. We present here the results of 
measurements made on the angle of arrival of a high frequency 
radio wave inside the path of totality of an eclipse, which took 
place on 23 October 1976. 

The angle of arrival of a continuous wave (CW) obliquely 
propagated signal on 2.5 MHz was used over a short path of 
71.4 km, from Lyndhurst (38°33’S, 145°16’E) to Beveridge 
(37°28’S, 144°56’E). On 23 October 1976, a total eclipse of the 
Sun occurred. The radio path was in the path of totality. Two 
different ionosondes were operated at Beveridge on the eclipse 
day. A phase path ionosonde, gating at about 100 km, gave 
group and phase path variations on 2.1, 2.4 and 2.9 MHz and 
results obtained from this ionosonde indicated that there were 
always E-region reflections during the eclipse which did not vary 
by morethan +5 km. A digitised ionosonde, which records the 
Strongest. returned signal, gave ionograms every 45s. These 
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ionograms indicated that E, at a group height of 101 km 
appeared with a critical frequency E, of 2.2 MHz at 1619, and 
at 1621 LT this £, had an hE, of 2.4 MHz (this is just above the 
equivalent vertical frequency of 2.35 MHz, assuming a group 
height of reflection of 100 km). At 1624 Lr JE, was 2.2 MHz 
and at 1625 LT it was 2.7 MHz and gradually increased to over 
3.1 MHz at 1630 and remained sọ until after 1730 Lr. 

At the start of totality (~ 1642 LT) distinct oscillations with a 
period of 6-7 min were observed in the angle of arrival. Assum- 
ing that the oscillations observed were due to changes in the tilt 
angle of the sporadic E layer and to a minor extent height varia- 
tions, it can be shown that the tilt angles along, yı, and across, 
Yc, the propagation path, are given by “ae 


l T 1 
= -4 Q mitan H ——__ 
T o Maa (3 meee} 


Yc = tan“ {sin(@— 6,) tang} 


where o’ = tan~{tan ọ cos(®—6,)}, 0 and @ are the measured 
azimuth (bearing) and zenith angles and 6, and > are the angles 





expected for the case of a simple horizontally stratified iono- . ©. 


sphere (including a horizontal sporadic E layer). Using the 
theorem of Breit and Tuve®, @, was obtained from the group 
height of the sporadic E layer (assumed to be constant during 
the relevant period) and y, and yc were determined. They are 
shown as a function of time in Fig. la and b, several points are 


Tilts along the path (deg) 











E ae ie as as ee a a E 
1620 1630 1640 1650 1700 1710 1720.7 


Fig. 1 Variation of the tilt angle of the sporadic E layer with 
time: a, along the propagation path: b, across the propagation 
path. A, E; appeared; B, onset of totality. 


evident: (1) between 1625 LT and totality, the £ layer had an 
apparent average systematic tilt in y, (along the path) of about 


6° with a small oscillation superimposed on it. (2) Just after 


totality this apparent tilt changes considerably and returned to 
its previous value slowly over about 40 min. (3) During this 
return, several cycles of a damped oscillation initially of large 
amplitude occurred of period 6-7 min. (4) No such variations 
were observed in yc (that is across the path). 
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Between 1619 and 1625 LT, an apparent single oscillation also 
occurred. As mentioned above, during this period the E, layer 
was forming. The digitised ionosonde records indicated that we 
were only getting strong E, reflections near 1621-22 Lr. The 
phase ionosonde records indicated that we were still getting 
E-region reflections near 1619-20 and 1623-24 Lr. Since before 
1620 reflections from the normal E-region indicated a tilt of 
1-2°, the excursion at 1621-22 is probably due to a reflection 
from the E, during its formation. 

Chimonas! applied his theory to the free bow-wave in the 
atmosphere outside the penumbra, where the wavefronts of the 
gravity waves in a previously still atmosphere were expected to 
be emitted at an angle ņ to the eclipse where n is given by 


tan q = Vo/Ve 


and Vg is the velocity of the atmospheric wave at the altitude 
concerned (101 km). Taking Vg = 300 ms™ and FV; as the 
velocity of the Moon shadow the wave would be expected to be 
propagated in a direction ~ 166° south of north (geographic) 
which is almost along the path between Lyndhurst and Beveridge 
(it being ~ 157° south of north (geographic)). Hence, outside 
the shadow, the oscillations due to the eclipse might be expected 
to be only in y, for our geometry. (It might be expected that the 
changes in the intensity of the solar radiation near totality would 
cause changes in the electron density gradients and cause changes 
in the angle of arrival. But, one would expect them to be evident 
both in the components across and along the path, and there is 
no reason to expect them to be oscillatory.) The results presented 
here are interesting since they are in the path of totality, (but 
south of the centre line), and in fact the oscillations in y, decay 
in amplitude and y, returns to near its original value after a few 
cycles, as may be expected for a fully developed bow wave. But 
this dominant oscillation only in y, inside the shadow is unex- 
pected. The only other angle of arrival measurements, to our 
knowledge, made during an eclipse® showed that although in the 
F region a tilt was observed which was consistent with that 
expected from a consideration of the geometry of the eclipse 
path, no tilt or oscillation was observed in the normal E region 
or in an £, layer which appeared 1} min after the maximum 
phase of the eclipse and lasted 9 min. These results, however, 
were not taken in the path of totality, but in a path that experi- 
enced only 0.72 obscuration at the maximum phase. 
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Charge states of the vacancy in diamond 


KNOWLEDGE of radiation damage processes in diamond has 
increased substantially in the past few years. I present here a 
concise summary of these data, and suggest that the 25,410 cm~ 
(ND1) absorption band occurs at a negatively charged vacancy. 
It will be shown that with this interpretation, the optical effects 
of radiation damage fall into a self-consistent pattern. 

Optical studies of radiation effects in diamond have been 
carried out mainly in the visible spectrum following room- 
temperature irradiation with 1-2-MeV electrons. (For neutron 
and y-ray effects see Clark et al.) Table | summarises the 
results. The models given in the Table are as suggested 


Absorption coefficient (nm™ +) 
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temperature, of representative diamonds following irradiation at 
room temperature with 2-MeV electrons to approximately the 
same dose (~ 10** electrons m~*). a, Relatively pure type HB 
diamond, containing about 104 m~* B atoms—the damage level 
greatly exceeding this**; G/N = 18. b, Type IA diamond with 
4x10 m=? nitrogen atoms in small aggregates of donor 
binding energy Ey ~ 4eV"*, G/N = 1.3. c, Type IB diamond 
containing ~ 5 x 10% m~ isolated substitutional atoms of Ep ~ 
1.7 eV!®: G/N <0.1. For each diamond G/N gives the ratio of 
of integrated strengths (wavenumber x absorption) of the GRI 
and NDI zero phonon lines. The value for the type 1A diamond 
differs from ref. 37 due to measurement in unfiltered tungsten 
light. The large linewidths in the type IA diamond are caused 
by its high nitrogen content**, 


previously except that the 25,410 cm~! (NDI) centre is pos- 
tulated here to be the negative vacancy, V~, and not the inter- 
stitial nitrogen atom as originally suggested®. The reasons for 
this re-interpretation are as follows. After irradiation, all 
diamonds show the ‘GR’ absorption bands (Fig. 1, Table 1), 
which all occur at the same tetrahedral centre”. Since the GR 
bands are observable after high temperature annealing (T > 
1,200 K in relatively pure specimens®), it is assumed they 
occur at the vacancy’ because during irradiation, the host 
interstitial in Group IV semiconductors seems to be highly 
mobile*’. The lack of electron paramagnetic resonance (EPR) 
associated with the GR centre!’ then implies a neutral vacancy 
V°® or less likely multiple charged centres (V?*, V~ and so on). 

The GRI band is an E to T transition? with its centroid at 
(15,920 =. 150) cm~ at 30 K. Many-electron LCAO calculations 
on V° predict a 'E or *T, ground state, the two being almost 
degenerate!!-!*, The first allowed transition from +E, assuming it 
to be the ground state, is typically at 16,000 cm™ to a `T; 
excited state. The excellent agreement with experiment on the 
irreducible representations of the states, their relative energies 
and their spin states supports the use of LCAO calculations 
rather than the alternative techniques which have not yet given 
even qualitatively correct energy level schemes!*:!>. 

Since the GR bands are the dominant product of irradiating 
relatively pure diamond (types HA and IIB, see Fig. la), it 
seems that V° is the stable form of the vacancy in pure diamond. 

It is important to consider the effect of irradiating type IB dia- 
monds, whose dominant impurity is isolated substitutional nitro- 
gen atoms with donor binding energies of about 1.7 eV (ref. 16). 
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(NDI) band, which also occurs at a Ta centre®, is extremely 
strong (Fig. Ic). The simplest explanation is that the vacancies 


LCAO calculations, which seemed to be accurate for V°, 

~ predict that the first absorption band of V- should occur 
between about 20,000 and 38,000 cm~ in an 4A, to *T, transi- 
tiom, Experimentally the NDI transition has been found to 
occur from an A toa T state?, the centroid of the band being at 
(27,500 4-200) cm~. The theoretical tA, ground state implies 
an EPR active centre. No quantitative experimental study of 
this point has yet been made. A single isotropic line with g= 20 
has been observed in the three specimens inspected here, and 
also in measurements by Dyer and du Preez”, This EPR and 
the NDI optical absorption show strikingly similar cyclic 
behaviour when the diamonds are subjected to alternate 
heating and bleaching cycles. However, Dyer and du Preez 
observed a decrease in the EPR signal and an increase in NDI 
absorption after a 500 °C anneal in one specimen, suggesting 
that the absorptions arise at different centres, but these com- 


Table 1 Major visible absorption bands 








Optical band* Nature of transitiont Ref. 
(cm™) (eV) 
10,080 1.25 End product of annealing radiation 21 
H2 damage in diamonds containing 
nitrogen 
13,495 1.673 ET at Ta centre V° 4,5 
GRI 
13,590 1.685 AoA transitions at a tetragonal 30 
15,000 1.860 centre? 
15,690 1.945 AE at trigonal centre V-N 23 
16,825 2.086 End product of annealing radiation § 
damage in diamonds containing 
nitrogen; complex response to uni- 
axial stress 
17,390 2.156 E-A at trigonal centre 31 
19,495 2.417 <110> electric dipole at monoclinic 32 
I centre 
P 2.462 <110> electric dipole at C}, centre 33 
19,865 2.463 <1 10> electric dipole at C,, centre 34 
H3 N-V-N 25 
20,150 2.498 <110> electric dipole at Cn centre; 32 
H4 V plus an aggregate of nitrogen 
20,510 2.543 V-V? 21 
21,280 2.638 o dipole at monoclinic I centre 33 
TR12 
23,240 2.881 ET transitions at 13,495 cm~ 3 
23,295 2.888 centre (V°) 
GR2, GR3 
23,410 2.902 E->? transitions at 13,495 cem- 3 
23,710 2.940 centre (V°) 
23,860 2.958 
24,000 2.976 
24,200 3.00 
GR4,5,6,7,8 
23,550 2.9270 EA transition at trigonal centre 31 
24,080 2.985 A—>E transition at Ca, centre, pro- 35 
N3 bably 3 nitrogen atoms 
25,410 3.150 A->T transition at T centre (V7) 2 
NDI See text 


a E A 


*Bands are labelled by their zero phonon lines, in cm~ and eV, 
and by their common names. 
+The order of the irreducible representations for the transitions is 
ground-—excited state. 
{Only the latest relevant references are given. 
M. H. Nazaré, personal communication. 
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parisons are not straightforward in view of the photochromic 
behaviour of the ND1 centre!*, A detailed study of this EPR is 
required. 

The assignment of the 25,410 cm~ (NDI) band to V- 
produces two simplifications. First, reversible photochromic 
effects occur between the 13,495 cm~ (GR1) and 25,410 cm~ 
(NDI) bands even when the vacancy concentrations are S 10-3 
of the impurity content of the diamonds'’-'*, If GRI and NDI 
occur at chemically indstinguishable sites a mechanism of charge 
transfer between defects of minor concentrations has to be 
designed. In terms of the present model, photoionisation of 
V- (NDI) leads necessarily to V° and hence GRI absorption. 
Presumably the released electron produces the observed photo- 
conduction’. Conversion of GR1 (V°) to NDI (V~) by blue 
light'® (23,250 cm™ < Ay < 25,400 cm ™) is then seen to be by 
hole emission (V°->V ~+h+*), explaining the photoconductivity 
observed experimentally, 

Second, in nitrogen-containing diamonds, thermal annealing 
destroys the 13,495 and 25,410 cm- bands (GRI and NDI) 
producing new optical bands (for example, at 15,690 and 
19,865 cm~) depending on the form of nitrogen? ??, Recent 
data imply that the new bands are formed when the nitrogen 
traps a vacancy?*-25, In some experiments (ref. 23 and M. H., 
Nazaré, personal communication) the rate of growth. of the 
new bands matches the destruction of GRI, in others?®2 jt 
matches the removal of ND1. This is rationalised if both GR1 
and NDI occur at centres of the same chemical species (such as 
V° and V`), and if we assume a charge redistribution can 
occur, if necessary, after trapping. 

All our present optical data on irradiated diamond seem to 
be consistent with NDI being V~. In principle, this model can 
be tested using a photo-Hall experiment to identify the carrier 
emitted when GRI and NDI centres are photoionised. The 
model predicts 


Av+-GR1 (V°)—-NDI (V~)+-h+ (1) 
and hv+NDI (V~)-»GRI (V°)--e> 


In contrast, if GRI and NDI occur at chemically different sites, 
the same charge must be liberated when the GRI and NDI 
centres are photoionised, so that the observed cyclic processes 
can occur. The available data are not inconsistent with 
equation (1)??, 

The earlier suggestion? that the ND1 centre was an interstitial 
nitrogen atom was reached by arguing that defects in diamond . 
have highly localised orbitals. In this limit it was thought reason- 
able to ‘assume that it is unlikely that the effect of the presence 
of nitrogen (as an impurity in a diamond) is to produce charge 
compensation’*. However, the data now available for type IB 
diamond (see Fig. 1c) show that the absorption strength of 
chemically stable defects like the GR1 centre is in fact strongly 
affected by the presence of the deep nitrogen donor (Ep ~ 1.7 eV), 
an effect most likely to occur as a result of charge compensation. 

Finally, the fate of the carbon interstitials, produced by the 
irradiation, seems to be that they are highly mobile, as in 
silicon?*, and become trapped at unknown crystal defects, 
producing complex EPR centres”, 

I thank A. M. Mainwood, C. M. Welbourn and J. H. N. 
Loubser for helpful discussions. Equipment was made available 
by de Beers Industrial Diamond Division Pty. Ltd and the 
Royal Society. This work was supported in part by the SRC. 
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Alkali cations and 
direct reduction of wustite 


THERE are few reports'® on the direct reduction of wustite by 
carbon according to an autocatalytic mechanism, and none deal 
with its quantitative analysis in terms of any kinetic model. 
Eck? has postulated that this mode of reduction is indicative of 
the increased role of processes such as diffusion and nucleation 
in the solid state, relative to the gasification of carbon by the 
Boudouard reaction—generally regarded as the rate-controlling 
step in the reduction’, We describe here a quantitative analysis 
of autocatalytic reduction in terms of the Prout-Tompkins® 
mechanism for the growth of a product phase in the lattice of the 
unreacted phase. We derive a rate constant characterising the 
growth of the metallic phase and use it to evaluate the catalytic 
effects of small admixtures of alkali salts (ref. 6 summarises the 
literature on catalysed reduction). 

Reduction of wustite in mixtures comprising precipitated red 
ferric oxide (Hopkin and Williams), spectrographic graphite 
(Union Carbide) and varying amounts of alkali salts (cation/Fe 
from 0.5% to 3.6% depending on catalytic effect) was studied at 
constant temperature by a Mettler Thermoanalyser. Samples 
were heated from room temperature at a rate of 25 °C min“! to 
the pre-selected temperature; simultaneous values of temperature, 
cumulative mass change (TG) and rate of mass change (DTG) 
were recorded. 

The start of the wustite reduction (which always occurred 
after the reaction temperature was reached) was fixed at that 
value of mass loss which corresponds to the complete con- 
version of ferric oxide to wustite, assuming it to take place 
in a self-generated CO/CO, atmosphere in equilibrium 
with Fe,O,/Fe,0,. X-ray diffraction analyses of partially re- 
acted samples confirmed the two-stage nature of reduction: 
Fe(in)—and Felu, 1)—oxides were no longer detected when 
metallic iron appeared in wustite. The reductions were all carried 
to completion (as confirmed by stoichiometry and cessation of 
mass loss). Fractional conversion (a) of wustite to metallic iron 
was calculated from the TG data as fractional mass change 
values. Representative reduction curves are shown in Fig. 1. 

The average mass change (29 measurements) was 38 % relative 
to the starting mass of wustite. This suggests that >90% of 
wustite oxygen was abstracted as CO and that the composition 
of the reduction atmosphere lay closer to the Boudouard equi- 
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Fig. 1 Reduction of wustite to metallic iron by graphite in a 


dynamic argon atmosphere (flow rate 50m! STP min~) at 
960 °C in the presence of alkali catalysts. Alkalis were added as 
dry powders in the form of carbonates except for Rb (nitrate). 
TG data points were hand-read from a chart recording for the 
construction of reduction curves. Samples mass: 80 mg Fe,0,+ 
I5mg C. Particle sizes: FeO ~I um (by scanning electron 
microscopy); graphite, 144+105 pm. Sample container: cylin- 
drical alumina crucible (length, 20mm; diameter 8 mm) 
resting on a Pt/Rh thermocouple junction. Sample loose-packed 
(bulk density ~ 0.5 gcm~*). Arrows indicate range of a for 
which the curves conform to equation (1). 


librium (~ 98% CO) than to the wustite-iron—gas equilibrium 
(~ 70% CO). 

We have estimated the rate constants characterising the 
reduction curves of Fig. | by fitting the curves in the range 
0.2 < a < 0.95 to a modified form of the Prout-Tompkins 
equation for nucleation phenomena. The modification takes 
into account our experimental observation that the curves are 
in general not symmetric 


i Atte 1 
In tartan kt +constant (1) 


a; is the value of a for which the rate of reduction (traced by 
the DTG curve) attains its maximum. K, is the so-called branching 
coefficient describing the appearance of nucleated iron by a 
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chain mechanism. (See ref. 5 for the derivation of equation (1) 


is essentially a consequence of the proportionality of the rate of 
reduction to the number of iron nuclei. Justification for this 
proportionality is provided by observations’ that the rate of 
abstraction of oxygen from wustite is much higher at the triple 
phase boundary wustite~iron-gas than elsewhere. We interpret 
deviations from the Prout-Tompkins mechanism for a < 0.2 
as resulting from the significant contribution made by the 
(unknown) initial nucleation law to the formation of metallic 
iron; derivation of equation (1) assumes this contribution to 
become negligible at some (low) value of a. 

A summary of k, values derived by means of equation (1) 
(and recalculated by linear interpolation or extrapolation at 
cation/Fe = 2% to facilitate comparison) is given in Fig. 2. 
This also demonstrates a linear relationship (r = 0.972) between 
the catalytic effects of alkali cations and their ionic sizes. 

We conclude first, that autocatalytic reduction of wustite 
yielding sigmoid-shaped reduction curves can be explained by 
invoking the Prout~Tompkins (branching chains) mechanism 
for the formation of metallic iron; and second, that alkal 
cations enhance the rate of this mechanism in direct proportion 
to their ionic sizes. 

We are grateful to the Anglo American Corporation of 
South Africa Limited for providing laboratory facilities. 
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Pacific sea-surface temperature 
related to rain in California 


CALIFORNIA is experiencing the worst drought in modern 
history, and there is much concern and speculation about 
future rainfall prospects. We recently succeeded in relating 
South Atlantic sea sùrface temperatures (SST) to rain in 
northeastern Brazil’, and here we use similar methods to 
relate sea surface temperatures over the North Pacific 
Ocean to rainfall in California. We found December SST 
in the north-east Pacific off Washington to have a limited 
but definite predictive value, and to account for about 45% 
of the variation in California rainfall for the period 
February—April. 

Namias has published several papers relating SST in the 
Pacific to atmospheric circulation’. In our approach, aimed 
at obtaining a useful forecasting tool, we go directly from 
a contributory cause (SST) to an ultimate effect (rainfall), 
bypassing intervening physical processes. We justify this by 
the belief that rainfall is an integrator of the multitude of 
ocean-atmospheric interactions and processes that occur 
simultaneously on several scales of space and time. 

We divided the rainy season into two parts, early rains 
(November-—January), and the late rains (February—April). 
The months May-October are usually dry in California, 


sol 


and when rains do occur they are influenced by factors 
apart from the normal November-April rains. We did not 
investigate the effect of SST on rains in May-October, 
although SST off Baja California is almost certainly related 
to the occurrence of September and October rains originat- 
ing from decaying chubascos, or west coast Mexican 
hurricanes. 

First, we established rainfall indices (RFD) for Cali- 
fornia. Rainfall is quite highly correlated among stations 
over most of the state. We chose three stations: Sacra- 
mento, Fresno and Los Angeles. All have long records, 
and are about equally spaced along the length of California. 
All three stations respond only to synoptic situations that 
are definitely wet, and receive little moisture from-marginal 
situations. For November-April all three stations have high 
correlation with the November—April RFI, r being 0,90, 
0.92 and 0.89, for Sacramento, Fresno and Los Angeles, 
respectively. To give each station equal weight in the 
index, multipliers of 0.86, 1.26 and 0.96, derived from 
1930-60 mean annual rainfall values, were used for Sacra- 
mento, Fresno and Los Angeles, respectively. The RFI 
for a given period is the sum of weighted rainfall for that 
period, in millimetres. 

Interestingly, for the period 1889-1972 there is no cor- 
relation between early and late rainfall indices. Kendall’s 
parameter 7 equal to —0.07 and r to —0.02, are not 
significant. Thus failure of early rains does not indicate 
that late rains will also be deficient. 

Our SST values were mean temperatures developed by 
NMES Pacific Environmental Group from ship observa- 
tions assembled by the National Climatic Center. These 
values are means of all observations taken in a given 5° 
quadrant in a Marsden Square, during a given month and 
year. They have not been corrected for space or time bias, 
and it would be expected that correlations obtained from 
them would be improved if corrections could be made. We 
used monthly averages of available ship observations of 
SST in 5° quadrants, 1931-72, for the Pacific Ocean north 
of 15°N latitude. Ship reports for three Marsden Squares 
(90, 128, 130) were not conveniently available, so these 
areas were not considered. The area to the south-east of 
Hawaii and equatorwards of 15° is probably influential in 
California rainfall, but SST data there are too sparse for 
analysis. Elsewhere, data exist in most quadrants for most 
years, except 1941-46. In preparing our correlation maps, 
we used all values that were averages of four or more 
observations in a given month and quadrant, except a few 
extreme coldest and warmest values based on less than 10 
observations were excluded. 

In our work relating rain in Brazil to SST in the South 
Atlantic Ocean we found a slight warming trend of 
0.0078 “C per yr for the period 1907-72, and had assumed 
that this warming was due to instrumental error resulting 
from evaporative cooling from bucket samples in early 
years, and heating by ships’ engines in injection tempera- 
tures in later years. Removal of this trend improved 
correlations with rainfall. We had originally intended to 
adjust the North Pacific SST data for the same reason, 
but soon found that the trend was generally much larger 
and more variable in space and time than could be 
accounted for by instrumental factors. We therefore added 
an arbitrary 0.01 °C per yr before 1972, to compensate par- 
tially for the warming trend. Corelations obtained when 
temperatures are so adjusted are higher than when the raw 
data are used. which suggests that some degree of instru- 
mental warming may be real. 

We found little significant or useful correlation between 
Pacific SST and November—April rainfall, although there is 
a tendency towards negative correlation extending from 
the central Pacific to the region south-east of Japan. In 
general. the cold water there tends to make California 
rainy. 
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Fig. 1 Correlation between SST and November-January rainfall in California. Correlation coefficients plotted when significant above the 


We found no useful forecasting relation between Pacific 
SST and November-January rainfall, however, these rains 
are accompanied by negative correlation—cold water off 
the coast (Fig. 1). This substantiates Namias’ view that 
warm water off the coast was involved in the 1976-77 
winter drought in California’. 

A useful forecasting relation seems to exist between SST 
and February-April rainfall. The situation begins with 
negative correlation (cold water) in the western and central 
parts of the Pacific in October. Later in November, Decem- 
ber and January, positive correlation (warm water) appears 
in the Gulf of Alaska. This progresses southwards in 
February and March, while cold water remains a short 
distance out to sea (Fig. 2). The area of positive correla- 
tion in the north-east Pacific off Washington in December 
seems to offer the most promise in forecasting February- 
April rains. In this area MS 158-4 has a correlation 
coefficient (r) of 0.63 between December SST and 
February-April rainfall, significant above the 0.001 level. 
It seems that processes induced by cold water in the central 
and western Pacific in October, November and December, 
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when followed by warm water west of Washington in 
December, are favourable to February—April rains in 
California. This implies that SST gradient between the two 
areas is important although we found that this gradient 
does not yield correlation coefficients as high as using SST 
at MS 158-4 directly. 

Mean SST values for a given month and quadrant con- 
tain real SST variations, as well as considerable noise due 
to non-random distribution of observations in space and 
time and to various instrumental errors. This noise can 
be reduced by using a median anomaly from three adjacent 
quadrants, using those quadrants most nearly aligned with 
the isotherms of SST. The median is a better measure than 
the mean because of the effect of extreme values on the 
mean. The three-quadrant median deviation is taken as 
the corrected deviation from normal for the central 
quadrant. Table 1 illustrates the derivation of corrected 
SST values for MS 158-4. 

When monthly SST values in MS 158-4 are refined as 
stated above, by introducing data from adjacent quadrants, 
r=0.68 and 7=0.50, both with massive significance. This 


Fig. 2 Correlation between SST and February-April rainfall in California. Correlation coefficients plotted when significant above the 0.05 












level. 
+ e os . . = e jme uuaa aara 
180 170w oe soe aow 150% aw Í aot 190€ teor 170E 190 row 1600 
Ny ges a, son oe Yaya el 
OCTOBER — p a g NOVEMBER 
Gs ie ~ G Va fi S aaar A 
ea Yo | S 
iai ) f Pa 
) m cr pe. 
a5 d 
PT E fas a N AY “os “a? -43 -46 
É N — of à E wo” so 
Ésa -sa aa \ 439-34 aren eo Ja -42 -54 -49 -40 -37 









"34 -91 -49 -30 


34 -34 -49 -30 -39 -39 





















w 


eo tw ee 
Si 
a FEBRUARY > 





~ s 41 4) 33 


ce soe” 





















Nature Vol. 269 6 October 1977 


503 


ini eh ee 
Table 1 Derivation of corrected SST for MS 158-4 (C x 100) 


Year SST for MS 158-4 Deviation 
Raw value Adjusted* MS 159-3 

1931 824 865 
32 750 790 —126 
33 736 775 —80 
34 900 938 94 
35 894 931 14 
1936 1018 1054 158 
37 1029 1064 212 
38 797 831 116 
39 829 862 58 
40 900 932 35 
1941 — — — 
42 — — _ 
43 — — — 
44 — Be ao 
45 916 943 116 
1946 — — 165 
47 — m _ 
48 — — —93 
49 947 970 8 
50 897 919 —65 
1951 906 927 —24 
52 843 863 —44 
53 831 850 —39 
54 877 895 —46 
55 823 840 2 
1956 844 860 29 
57 1034 1049 209 
58 953 967 —3 
59 1012 1025 33 
60 848 860 —120 
1961 1078 1089 12 
1079 1089 —22 
63 787 796 —35 
64 958 966 —93 
65 878 885 —44 
1966 901 907 8 
67 798 803 —125 
68 871 875 —105 
69 867 870 —63 
70 878 880 —70 
1971 845 846 —52 
72 948 948 —21 
n 35 35 36 
Mean SST 894 913 862 

r 0.593 0.628 

t 4,23 4.63 

a” < 0.001 <0.001 

rr) 0.441 0.482 

Zz 3.73 4.07 

a” <0.001 < 0.001 





Deviation Deviation Corrected SST 
MS 158-4 MS 158-3 Correctiont MS 158-4 
—48 22 
— 123 —7 0 790 
—138 —110 28 803 
25 62 37 975 
18 95 0 931 
141 154 13 1067 
151 —42 0 1064 
—82 — 154 0 831 
—5] -—76 0 862 
19 43 16 948 
— 150 — = 
Ca 190 Pe es 
30 —28 0 943 
— —209 s — 
57 94 0 970 
6 —9] —71 848 
14 —38 — 38 889 
—52 7 6 869- 
—63 —27 24 874 
~18 —32 —14 881 
—73 90 0 840 
—53 ~32 21 881 
136 137 1 1050 . 
54 51 ~3 964 
112 75 —37 -O88 
—53 104 0 860 
176 70 —~ 106 983 
176 35 — 14i 948 
—117 ~-21 82 878 
53 ~41 —94 872 
—28 10 0 885 
—6 —til 0 907 
—110 ~~78 0 803 
— 38 —22 0 875 
—43 —8 0 870 
—33 —67 —34 846 
—67 -93 0 846 
35 -22 —56 892 
35 38 34 
913 996 
0.668 
5:07 
<0,001 
0.509 
4.24 
<0.001 


Saem aennennteerinensneasnstnueninsamntnnersinsthninentrtenimetennnnansnstenessaentsnintnienenmnta 


Median. values are italicised. 
*0.21 °C added foreach year before 1972. 


{Difference between MS 158-4 deviation from normal and three square median deviation from normal. 


provides the basis for a February—April rainfall forecast 
using December SST (Fig. 3). Normal is defined as the 
mean for the 34 yr during the period 1931-72 when data 
exist in all three quadrants. When SST is normal, the 
rainfall forecast will be for 100% of normal, with 95% 
confidence limits between 10°% and 190% of normal. If 
SST is 1 °C above normal, the rainfall forecast is for 
160% of normal, with 95% confidence limits between 65% 
and 250%. If SST is 1 °C below normal the rainfall forecast 
is for 40% of normal, with 95% confidence limits between 
0% and 135% of normal. The confidence limits are un- 
fortunately wide, but probably reflect with reasonable 
accuracy the limits set by SST upon rainfall. Although 
imprecise, it is an improvement over a forecast based on 
climatic normals, which would be for 100% of normal 
with 95% confidence limits between 10% and 190% of 
normal, regardless of SST. 

The r value of 0.50 implies that the odds are three to 


one that a change in rainfall. will match the sign change 
in SST. 

We believe that, early in the season, cold water in the 
central Pacific induces greater-than-normal troughing in 
the overlying atmosphere. This induces an increased fre- 
quency of south-westerly winds that push the SST isotherms 
northwards in the Gulf of Alaska. As winter advances the 
cold anomaly in the central Pacific is advected slowly 
eastward. Troughing in the atmosphere may likewise move 
eastward, and act to decrease the intensity of the surface 
subtropical high pressure cell off the California coast. The 
resultant decreased north-westerly winds along the coast 
allows a warm SST anomaly to form by decreased upwelling 
and by reduced southward flow of the California Current. 
The warm water moves southward, and then westward 
with the North Equatorial Current as the season advances, 
to create a positive anomaly of SST near Hawaii. Namias 
has shown that warm water in this area is important for 
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Fig. 3 February—April California 
rainfall indices (RFI) plotted 
against corrected December SST 
in Marsden Square 158-4. 
Normal SST is 9.04°C and 
RFI is 459 mm. Years indicated 
are for SST. Second degree 
regression line with 95° confi- 
dence limits is shown. 
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California moisture’. Our speculation is tenuous, but we 
hope that other researchers will study the cause and effect 
relationships underlying what seems to be real correlation 
between SST and California rainfall. 

We thank Jerome Namias for comments, Jim Canfield 
for cartography and Martha Raught for typing. 
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Direct measurements of 
secondary currents in river bends 


FLuips flowing through pipes or channels can develop secondary 
currents. These are defined as currents which occur in the plane 
norma! to the local axis of the primary flow. Their development 
in straight channels has been ascribed to anisotropic turbulence 
and the non-uniform distribution of boundary shear stress'~* 
but in meander bends they are generally caused by skewing of 
the flow®~®. Secondary currents distort the distributions of 
primary isovels and boundary shear stress from those expected 
in simple flows and, therefore, have important implications for 
bed and bank erosion and for resistence to flow. We report here 
measurements of longstream and cross stream velocities carried 
out across sections of a river perpendicular to the outer banks 
of several bends using an electromagnetic flow meter. 

At meander bends fully developed secondary currents appear 
as a single flow cell, carrying surface water towards the outer 





bank and bed water towards the inner bank®~*. Measurements 
in flumes!®!, however, and in rivers'*:!> have indicated the 
existence of a small cell of reverse circulation at the outer bank. 
A similar feature seems to exist in pipes’. As this reverse cell 
has been observed at single bends it is not connected with the 
reverse circulation of a relict cell from an upstream bend, 
Rozovskii!! concluded that it is a wall effect, extending over a 
region of perhaps one or two depths from the bank, but 
negligible in bends with large ratios of width to depth. Hey and 
Thorne'? proposed a new theory of secondary flow at bends, 
incorporating two cells in place of the classical single cell. 

Identification of the outer bank cell in river bends has been 
based on only a few direct measurements of secondary flows? ? 1, 
Because of a lack of suitable instrumentation, these measure- 
ments were relatively inaccurate and more detailed information 
is therefore required. The development of the electromagnetic 
flow meter has enabled such measurements to be made. This 
meter measures velocity in two directions simultaneously and 
so enables the components of horizontal flow to be defined. 
Measurements can be made to within 1 cm s~! (refs 17 and 18). 

In this investigation, measurements were made with an 
electromagnetic flow meter along sections perpendicular to the 
outer banks of several bends. The meter was positioned to 
measure the longstream velocity (parallel to the outer bank) 
and the cross stream velocity (perpendicular to the outer bank.) 
These are not necessarily the primary and secondary velocities 
but the following theory allows calculation of those components. 

Secondary currents at any vertical through the flow are defined 
to occur in the plane normal to that containing the mean primary 
velocity vector at that vertical. It is assumed that in steady 
conditions, the average secondary flow in the plane is zero, that 
is, the secondary discharge in one direction is balanced by the 
discharge in the other. The longstream and cross stream velo- 
cities (those to which the electromagnetic meter responds) are 
defined by u and w respectively. The resultant velocity q at any 
depth y is defined to be at a horizontal angle 0 to the longstream 
axis so that 


u = qcos0 d) 


w = qsind (2) 


The mean primary velocity U at the vertical is at the fixed 
angle 1 to the longstream axis. 1 defines the vector of the 


z: 
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primary flow so the primary velocity U, at any depth is found 
by resolving in that direction 


p = qcos(0— 4) 
= ucosġ+w sing (3) 


The secondary velocity U, is obtained by resolving in the 
plane normal to that containing the primary velocity vector 


U, = qsin (0— 4) 
=weos ¢—usin d (4) 


¢ is unknown but is found by integrating the secondary 


0 Inner bank 
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as far as was necessary to establish the presence of the main 
cell (Figs. 2 and 3). 

The single classical cell does not always continue to the outer 
bank. Reverse cells are evident up to one depth from the bank 
at Rickety Bridge Bend and at Maes Mawr Bend. This pattern 
is reflected in the distortion of the primary isovels. However, 
the outer bank cells do not appear at.Llandinam Bend. 

The outer bank cells probably result from interaction of the 
main cell with the outer bank. The flow of this cell has.a 
component perpendicular to the bank and, in an ideal fluid, the 
boundary streamlines of this component. would follow exactly 
the water surface and the boundary of the channel. In a rea 
fluid, this is not possible since it requires an infinite acceleration © 


ee ean 


Inner bank 


Fig. 1 Primary and secondary Q 
velocities at Llandinam Bend— ` 
River Severn. Channel width 10 m; i 
radius of curvature 75 m; bend arc 0.5 
angle 62°; discharge 1.1 m? s~. 





© 
_ 


velocities over the depth, d. As their mean is defined to be zero, 


d 





f sin(@—¢)dy = 0 (5) 
0 
sothat 
d d 
fi sin® dy f dy 
0 o 
tang = ————- = (6) 

d d 
f cos6 dy f dy 
0 J 


w and u are the velocities measured by the electromagnetic 
meter. Substitution of the value of ¢ into equations (3) and (4) 
allows the secondary and primary velocities at any depth to be 
calculated. 

Measurements were made at three bends on the Upper River 
Severn. Llandinam Bend is a single bend at a shallow section 
of channel. Rickety Bridge Bend is a slight bend just down- 
stream from a riffle which directs the flow strongly against the 
outer bank. Maes Mawr Bend is a conventional meander bend, 


„On a pool and downstream of a shallow reach. 


A complete survey was made at Llandinam Bend at a low 
discharge and this shows the classical cell across the whole 
channel (Fig. 1). At the other sites, velocity profiles were taken 
at progressively greater distances from the outer bank but only 


mi O ms~} 
Outer bañk 


Secondary velocities 


0.4 0.5 0.6 0.6 0.7 


Primary isovels msi 


06 0.7 


Outer. 
0.5 0.4 -bank 





2 3 4 5 
Distance (m) 


at the junction of bank and water surface, so a breakdown of the 
ideal pattern is expected. : 
The occurrence of the reverse cells seems to depend on the 
form of the bank. They do not occur where the bank shelves 
but do where the bank is perpendicular to the water surface, 
This is verified by several other surveys made at high and 
low discharges and at shelving and steep banks -at Maes 
Mawr bend. Where the outer bank is steep, the junction 
Fig. 2 Primary and secondary velocities at Rickety Bridge 


Channel—River Severn. Channel width 8 m; radius of curvature - 
50 m; bend arc angle 50°; discharge 1.7 m3 $7}. 
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Fig. 3 Primary and secondary velocities at Maes Mawr Bend— 
River Severn. Channel width, 21 m; radius of curvature, 70 m; 
bend arc angle, 38; discharge 9 m? s7". 


of bank and water surface (seen in section) corresponds to a 
stagnation point. At this point, water would be expected to pile 
up and it is possible that the resulting upwelling at the surface, 
combined with the weight of the superelevated water, could 
trigger a more general reversal of secondary flow in the region 
of the bank. This process might be aided by the local surging of 
flow which results from the passage of turbulent eddies. 

If this theory is correct, the strength of the outer bank cell 
should be proportional to the component of flow towards the 
outer bank. This seems to be confirmed because the cell at 
Rickety Bridge Bend, where the flow is directed against the 
bank, is stronger than at Maes Mawr Bend. 

Direct measurements of outer bank cells confirm that the 
classical cell oversimplifies the pattern of secondary flow in 
some river bends. This has important repercussions for the 
evaluation of flow resistance, the distribution of boundary 
shear stress, the movement of bed load and thence bank erosion 
and meander migration. 
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Prehistoric dental calculus gives 
evidence for coca in early coastal Ecuador 


Los Cerritos, a late Chorrera (Engoroy) cemetery on the 
Santa Elena Peninsula of Ecuador yielded artefacts and 
radiocarbon assay which indicate that use of the site began 
about 840 sc and continued for several years within the 
Late Formative’. The human skulls from the site are of 
particular interest because many showed heavy accumula- 
tions of supragingival dental calculus (tartar), which 
contrast with the relatively slight calculus accumulations 
on the teeth of skulls recovered from the earlier Valdivia 
(3000-1500 Bc) site of Real Alto’, also on the Santa Elena 
Peninsula. We argue here that the heavy calculus accumula- 
tions are the result of habitual, secular coca chewing in 
late Chorrera times. This diagnosis, in turn, supports the 
hypothesis of prehistoric trade in coca, probably in ex- 
change for mollusc shells, with inhabitants of the eastern 
Andean slopes. ‘ 

Of 27 adult human skulls from Los Cerritos with 
dentitions sufficiently intact to be evaluated, 17 had calculus 
deposits which ranged from slight to extreme (Table 1). 
This scale was devised to accommodate the range of varia- 
tion in the material; even ‘slight’ would be considered heavy 
by modern standards. 

According to ethnographic accounts’*, coca leaves were 
commonly chewed with lime in western South America. 
The lime is responsible for the dental deposits. Mehta et al.* 
noted that heavy calculus in modern India correlated with 
chewing betel with lime. Leigh’ reported large dental 
accretions from prehistoric Guam, which he attributed to 
the habit of chewing betel nut with lime. He concluded that 
similar deposits from prehistoric Peru resulted from coca 
chewing". Moodie’ also observed excessive calculus among 
pre-Columbian Peruvians, In the prehistoric examples, as in 
the Chorrera material, the deposits were on the buccal tooth 
surfaces of both maxilla and mandible, which is in accord 
with the practice of holding the quid between the cheek and 
teeth. In contrast, the sites most affected in modern popula- 
tions are those near the openings of the salivary ducts— 
the lingual surfaces of mandibular incisors and the buccal 
surfaces of maxillary molars. 

Lime has been implicated as an aetiological factor in 
dental deposits, but the nature of the deposits is uncertain. 
Mehta er al.* called the deposits calculus, but Leigh* refer- 
red to them as lime. The chemical composition not only 
provides an accurate description of the pathology, but can 
reveal clues about the mechanism and conditions of the 
depositions. Six samples of dental accretion from six Los 
Cerritos skulls were subjected to elemental and X-ray 
diffraction analysis. The samples were cleaned only by dry- 
brushing. 

The major and minor elemental analysis of the deposits 
was performed by standard X-ray fluorescence techniques as 
developed by Rose et al.™. To approach a total composition 
of the material mean values are reported in Table 2 as the 
percent of oxides, even though the elements actually occur 
in mineral form. The sum of the components is less than 
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Table 1 Calculus deposits on the teeth of adult human skulls from 
Los Cerritos 





Extent of Probably Probably Sex _ 
accumulation male female indeterminate 
Extreme t 0 0 
Very heavy 4 0 0 
Moderately heavy 5 2 0 
Slight 1 4 0 
None 2 7 1 
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100% because very limited sample sizes precluded deter- 
mination of carbon dioxide, moisture, and ignition loss. 

X-ray diffraction patterns of each sample revealed a 
poorly-crystalline apatite-like phase representing hydro- 
xyapatite, Can(OH)(PO,)s, a major component of 
calculus. Considerable quartz was also present, together 
with some calcium silicate, Ca,Si.O;, or calcium aluminium 
silicate, CaAbSixOs. The similarity of the compositions indi- 
cates that the teeth were in contact for long periods with 
ground water from which silica precipitated within the 
relatively porous calculus structure. 





Table 2 Major and minor elemental analysis of dental deposits 











Element % of oxides 
SiO, 
Al,O 3 
‘CaO 
Na,O 1.08 +0.56 
FeO, 3.96 £1.20 
TiO 0.77 +0.21 
P,O; 16.13 £5.33 





Values are means -+ s.d. for six samples. 


Brushite, CaHPO,.2H.O, and octacalcium phosphate, 
Ca,H(PO;);.2H2O, which are two crystalline forms known to 
occur in some calculus samples" ~, were not discernible. It 
was not clear whether magnesium whitlockite, (Ca,Mg)s 
(PO,):, another crystalline form found in some calculus, was 
present in any of the samples since certain major diffrac- 
tion peaks for this substance fall in the same region as those 
characterising hydroxyapatite which was present. Insuffi- 
cient sample sizes precluded fluoride analyses. 

The presence of hydroxyapatite plus percentages of 
calcium and phosphorus similar to those reported for 
calculus’ suggest, but do not confirm, that the accretions 
were originally laid down as dental calculus, not as lime or 
other simple calcium salts. Variations in the relative ratios 
of calcium, phosphorus, and magnesium indicate that some 
degradation has taken place on the calculus itself. This, 
together with the postmortem contamination, indicates 
that preservation of the material has been affected by en- 
vironment, but not sufficiently to invalidate the basic con- 
clusion. 

The magnesium concentration in the samples was higher 
than that reported for modern calculus" but is compat- 
ible with the chewing of coca leaves since magnesium is a 
constituent of chlorophyll and a cofactor in some plant 
enzymes. 

Since the lime was responsible for the deposits, the pos- 
sibility that the people were chewing tobacco with lime 
cannot be ruled out altogether. Nevertheless, there is cir- 
cumstantial evidence which argues in favour of coca use. 
In South America the historic distribution of chewing 
tobacco with lime was much more restricted than that of 
chewing coca with lime’. Furthermore, in the early historic 
period tobacco was used pre-eminently in ritualistic context 
whereas coca use was commonly secular and hedonic’, The 
huge calculus deposits imply habitual and, therefore, secular 
use. At Los Cerritos calculus deposits were more severe 
among males than females, suggesting that coca consump- 
tion by males was either more frequent or began at an 
earlier age. 

__ Cultural evidence for the chewing of coca in coastal 
“Ecuador appears as early as Valdivia times. Small ceramic 
lime pots have been found at Valdivian sites”, including Real 
Alto. In addition, a figurine recovered from the Valdivia- 
type. site clearly depicts a quid in the cheek of a woman”, 
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Why, then, do the skeletons from Real Alto not show 
heavy deposits on the teeth? Presumably coca chewing ex- 
panded from a restricted, probably shamanistic, role in the 
Early Formative to a more popular, secular role in the 
Late Formative. 

Since the climate of the Santa Elena Peninsula precludes 
the growing of coca, which thrives on the well-watered 
eastern slopes of the Andes, coca must have reached the 
coast by trade. Although there is evidence for trade routes 
as early as the Valdivia period’ commerce had become 
much more extensive by late Chorrera times. Paulsen 
presents evidence for the export of thorny oyster and conch 
shells from the Ecuadorian coast to the sierra beginning as 
early as 2800 Bc. She concludes that the limited trade of the 
Early Formative had expanded to the Peruvian Andes: by 
the first millennium Bc. We propose that increased importa- 
tion of coca to the south coast.of Ecuador accompanied 
expanded exportation of mollus¢ shells to the sierra. In 
times of limited trade imported items would be at a 
premium and probably reserved for religious or curing 
purposes; expanded trade would make the exotic item, coca, 
available to a wider segment of the population for temporal 
use, in much the same manner as it is used by modern 
Andean peoples. 

We thank C. Zevallos M. and R., Parducci M. for per- 
mission to study the Los Cerritos skulls and to take calculus 
samples; J. Zeidler for obtaining the samples, and D. B. 
Shimkin, J. G. Marcos, and D. W. Lathrap for valuable 
advice. 
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High levels of cadmium in 
Atlantic seabirds and sea-skaters 





THE possibility that cadmium may be an environmental pollutant 
has caused concern because it has toxic effects on many animal 
species including man, rat, rabbit, chicken, quail, and pigeon'74, 
The occurrence of cadmium in wildlife is not unusual and samples 
of marine species taken from around the British coast contain low 
levels (less than 0.5 mg per kg in fish and less than 2 mg per kg in 
most shellfish): however. levels of up to 93 mg per kg were present 


inlimpets, Patellasp., collected from areas of natural mineralisat- 
ion or industrial sources of cadmium’. Seabirds generally contain 
higher residues than marine invertebrates. For example, Anderlini 
et al.” examined the amounts of nine metals in the livers of seven 
Antarctic and Pacific seabird species and noted that the maximum 
mean cadmium residue occurred in 10 ashy petrels Oceanodroma 
homochroa collected from their breeding grounds in California 
(mean residue was 53.2 + 20.5 mg per kg). Parslow eral.” found up 
to 22.3 mg per kg dry wt cadmium in livers of eight puffins 
Fratercula arctica collected live from various British breeding 
colonies. It was suggested that pelagic birds might contain higher 
residues than coastal living species because a single fulmar 
Fulmarus glacialis examined by them contained 159 mg per kg 
cadmium. Anderlini ef al. concluded that there was a correlation 
between increased concentration of cadmium in birds and ex- 
posure to industrial influences. Parslow er al. did not attempt to 
explain the residues they found in puffins, but Bourne” concluded 
that individual birds were becoming increasingly contaminated 
through feeding near areas of local pollution around the British 
coast. It is debatable whether cadmium should be regarded as a 
pollutant to seabirds. We report here the occurrence of cadmium 
residues in the tissues of apparently healthy, breeding seabirds 
which are considerably higher than any previously found. More 
important. we conclude that the cadmium hasa natural rather than 
an industrial origin, since we have found high cadmium residues in 
a marine insect, Halobates. which is widely distributed in tropical 
regions far from sources of industrial cadmium. This insect is only 
one example of the sources from which birds obtain their cadmium 
residues. 


Table 1 Cadmium residues in individual St Kildan seabirds 


Cadmium concentration 


Species Sex (mg per kg dry wt) 
Liver Kidney 
Fulmar ge 9.1 46.7 
Fulmarus glacialis aes 50.1 184 
3 3 Te 32.8 
4. 494 240 
Manx shearwater i} 3 26.0 133 
Puffinus puffinus 2j ; 39.9 231 
i s 14.6 67.0 
4 3 15.6 113 
Puffin it $ 18.9 109 
Fratercula arctica 25% 14.1 75.1 
335 29.4 125 
Leach’s petrel LZ 57.0 68.5 
Oceanodroma 2il 21.5 128 
leucorhoa 3) g 20.6 80.0 
Storm petrel 13 9.2 30.2 
Hydrobates 23 14.4 32.9 
pelagicus x 3 20.8 37.7 
4. 26.5 36.7 
Razorbill Ws 2.4 14.6 
Alca torda 25 : 1.8 16.0 
x8 14 18.2 


Birds were killed by exsanguination and their tissues immediately frozen 
using solid CO; and kept below —20 C until analysed for heavy metals. 
Metal analyses were performed by atomic absorption spectroscopy after 
tissues had been digested with concentrated nitric acid, Parentheses show 
birds known to be paired. 

*Birds known to have anegg. Fulmars 3 and 4 were prospecting birds not 
yet ready to breed. All other subjects were thought to be breeding but this 
could not be confirmed due to inaccessability of the nest site. 

| This bird had a shelled egg in the oviduct. 


In June-July 1976 21 seabirds representing six species were 
collected. under licence, at a major breeding colony on St Kilda, a 
remote island group 80 km west of the Outer Hebrides, Scotland. 
All the animals were apparently healthy and unaffected by the 
metal levels they carried (Table 1). In all species, residues were 
higher in the kidney than in the liver, as in cadmium-contaminated 
humans’. Cadmium residues were considerably higher in the 
pelagic species (shearwaters, puffins, and petrels) than in the 
razorbill, which feeds in the region of the continental shelf 
throughput the year”''". Since the pelagic species on St Kilda are 
unlikely to be exposed to industrial cadmium, it seemed possible 
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that there might be important sources of cadmium in the open 
ocean. 

Leatherland er a/.'' examined a range of plankton organisms 
and their predators. although very small samples were involved. 
They found appreciable levels of cadmium in some species, the 
maximum being 13 mg per kg dry wt in the decapods Sysre/laspis 
debilis (four examined) and Ophophorus sp. (two examined). 
Plankton samples are usually of a variably mixed species com- 
position and it is not easy to isolate a single species from a wide 
range of localities to check for geographical variations in cadmium 
content. 

Sea-skaters of the genus Halobates (Gerridae: Heteroptera) are 
pelagic marine insects. They live at the sea surface and feed on 
zooplankton trapped at the air-sea interface. Relatively high 
cadmium contents have been detected in Halobares from various 
parts of the Pacific Ocean, and these may reflect correspondingly 
high cadmium levels in the waters where the samples were 
collected'?. Itseems unlikely that the high cadmium levels detected 
in the sea-skaters resulted from atmospheric pollution. as no 
cadmium was detectable ( < 5 mg per kg dry wt) in another gerrid, 
Rheumatobates aestuarius, collected from coastal mangrove 
lagoons in the Gulf of California, close to the area where Halobates 
was found at sea with very high cadmium levels (up to 200 mg per 
kg dry wt)!*. Since these insects are widely distributed in the oceans 
and single-species samples can be obtained over a large area, their 
cadmium contents can indicate the distribution of this heavy metal 
in the surface layers of the ocean. 

Samples of Halobates micans were obtained from tropical areas 
of the Atlantic Ocean. These were rinsed of all foreign matter with 
acidified distilled water, digested in concentrated nitric acid and 
then analysed for cadmium using atomic absorption spectropho- 
tometry. The distributions of residues in the samples were not 
uniform (Fig. 1) but there was no pattern suggesting pollution. The 
mean concentration in 11] samples was 22.7 + 3.1 mg per kg dry 
wt. ranging from 0 to 309 mg per kg (in a sample from the Gulf of 
Guinea). In many instances several samples were collected at one 


Fig. 1 Cadmiumcontent of Halobates micans collected from 47 sites 


along survey routes in the Atlantic; the species is confined to warmer 

waters. In cases when more than one sample was collected from the 

same site the highest value has been plotted. St Kilda was the 

collecting locality for the seabirds analysed for cadmium (Table 1) 

Sources of Halobates samples ss acknowledgments are given by 
Cheng'?. 





* St Kilda 
Cadmium residues (mg kg~ +) 
* 0-<10 

10-< 25 


e 
© 25+ 
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site and in Fig. | maximum values are depicted : the mean for these 
was 30.5+6.7 mg perkg(n = 47). 

The concentration of cadmium in the ocean varies little from the 
depths to within 0.5 km of the surface layer, but declines rapidly 
near the surface, conceivably as a result of incorporation into 
living organisms'*. Some of the areas where the higher cadmium 
residues occur, for example, off the coast of West Africa, have little 
industrial activity, but have upwelling ocean currents of cold water 
which bring to the surface nutrients, and possibly cadmium too. 
Areas of ocean upwelling are known to be important wintering 
locations for pelagic seabirds, because they are rich feeding 


grounds, and it is likely that the birds accumulate at least some of 


their residues in these places. The Manx shearwater spends the 
contranuptial season off the coast of South America, while the 
storm petrel winters off South Africa and Leach’s petrel very 
widely in the tropics; puffins ringed on the western coast of Britain 
have been recovered south of the Straits of Gibraltar but the 
precise wintering grounds remain to be defined!+. We cite the 


Halobates data as an indication of the widespread occurrence of 


cadmium in tropical waters. It is doubtful whether many seabirds 
take large quantities of Halobates though the phoenix petrel 
Pterodroma alba and blue-grey noddy tern Procelsterna cerulea 
have been proved to eat them in the Pacific!>-'® We might, 
therefore, expect these insects to be among the sources from which 
such birds as storm petrels could obtain cadmium. 

We conclude that the high cadmium concentrations found in 
seabirds originate from natural sources, rather than from in- 
dustrial activity, and that the birds, having evolved in an ecosystem 
containing cadmium, have developed. through natural selection, 
mechanisms which enable them to tolerate this metal. One such 
mechanism, now being investigated, involves production of a 
metal-binding protein which has been identified in the fulmar—it 
has many of the properties of metallothionein. 

We thank P. Freestone and L. A. Sheppard for help with the 
heavy metal analyses. 
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Pectolytic anaerobic bacteria 
cause symptoms of cavity spot in carrots 















CAVITY spot, a disease which causes considerable damage to the 
mature storage roots of carrots in several countries including the 
United Kingdom and the United States!, has been reported to be 
caused by calcium deficiency, either actual or induced by excessive 
potassium levels in the soil?, We have examined diseased carrots in 
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East Scotland since 1966 and have been unable to confirm the 
relationship with calcium levels. Evidence reported here in- 
dicates that pectolytic bacteria of the anaerobic genus Clostri- 
dium are the cause. 

Tn the light of observations that the incidence of cavity spot 
was greatest in wet seasons on poorly drained land, and that 
more roots had lesions in waterlogged than in freely drained 
pots, the effect of restricting aeration.to roots was investigated, 
Carrots were grown in plastic pots containing UC sand--peat 
compost (a mixture of three parts peat to one part coarse sand, 
formulated at the University of California) and when the crown 
diameters were greater than 20 mm, the compost surface was 
sealed with paraffin wax (melting point 55 °C), Roots of similar 
size were also lifted from the field, washed carefully and trans- 
planted to similar pots. The pots were placed in trays containing 
25 mm of water and kept in a controlled environment cabinet at 
20°C with an 18-h daylength of 12,000 Ix. Analyses of gas 
composition in the compost (gas chromatogram, Pye model 
106, MS 5A column, length 152.4mm, oven temperature 
100 °C) indicated that anoxic conditions developed within 48 h, 
After 5 or 6 d the wax was removed and the pots were returned 
to the glasshouse bench. Characteristic lesions were observed 3 
weeks later. The proportion of roots affected was greatly in- 
creased when soil from a field outbreak was added to the roots 
before sealing. For example, the percentage of roots with lesions 
in an experiment in which all pots were sealed and supplemented 
with field soil or autoclaved field soil, or not supplemented, were 
72, 28, and 24% respectively (P < 0.001 on contingency analysis). 

Because there was evidence of a heat-labile factor in field soil and 
because no fungi or bacteria which were pathogenic on re- 
inoculation had been isolated by conventional techniques, iso- 
lations and subsequent inoculations were carried out under 
hydrogen in McIntosh and Fildes anaerobic jars fitted with 
palladium catalysts. Using a reducing medium with a pectate 
layer’, we isolated pectolytic bacteria at 25 °C from lesions formed 
on roots in sealed pots supplemented with field soil. Isolates were 
repeatedly sub-cultured from single colonies on streaked pectate 
plates and when grown in liquid basal medium anaerobically and 
inoculated to carrots, lesions identical to those caused by the soil 
supplement developed in sealed but not in open pots. The bacteria 
were recovered from these lesions by anaerobic culture. 

Similar bacteria were obtained from several fields where cavity 
spot had occurred by inoculating carrot disks with about 1 g soil, 
and they were also recovered from some natural lesions incubated, 
like the disks, in anaerobic conditions. The colonies were cream 
coloured and the bacteria grew rapidly in anaerobic conditions at 
25 °C producing a plaque in the pectate layer of up to 20 mm 
diameter in 2 d. Pectolysis on media and on carrot disks was still 
evident at 10°C and no growth occurred on agar or on carrot disks 
in air. The bacteria were gram negative rods, 2.8-5.2 x 0.6- 
0.8 nm, which produced sub-terminal ovoid endospores, 1.4- 
2.4 x 0.8-1.0 nm. Gelatin was not liquified within 7 d at 25 °C. 
The organism was identified as a member of the genus Clostri- 
duim', although results of further tests did not agree with those 
of any described species. 

Cavity spot often occurs on poorly drained, compacted soils and 
itis most common after heavy rainfall in midsummer when the soil 
biomass and the high root population of carrots grown forcanning 
may deplete oxygen more rapidly than it can be replaced by 
diffusion from the atmosphere. In these conditions it is suggested 
that the anaerobic bacteria described here may initiate cavity spot 
lesions. Pectolytic Clostridium spp. have been implicated in the 
rotting of potatoes in storage but they have not been associated 
previously with a field disease syndrome. 

We thank Mr R. A. Fox and Dr M. C. Pérombelon for helpful 
suggestions and Dr G. Hobbs for examining isolates of the 
bacterium. 

D. A. PERRY 

J. G. HARRISON 
Scottish Horticultural Research Institute, 
Invergowrie, 
Dundee, UK 
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Carcinogenic activity of 
hexacholorobenzene in hamsters 


HEXACHLOROBENZENE (HCB), has been widely used as a fungi- 
cide, is a contaminant of various pesticides including 
DACTHAL and pentachloronitrobenzene, and is also a by- 
product in the manufacture of many chlorinated hydrocarbons 
(in the United States probably more than 2 10® pounds of 
HCB are produced annually’). In Turkey, HCB was the causa- 
tive agent in a severe outbreak of porphyria cutanea tarda 
symptomatica involving several thousand people between 1955 
and 1959 (refs 2-4). In spite of the ban of HCB in 1959, symp- 
toms of disease due to this toxic porphyria have persisted for a 
long time®-*. The aim of present studies was to determine the 
chronic toxicity of HCB after prolonged oral administration 
and we report here that HCB is carcinogenic in hamsters. 

Six-week-old Syrian golden hamsters from the Eppley colony 
were used. They were fed ad libitum for life a diet containing 
50, 100 and 200 parts per million (p.p.m.) HCB. The HCB 
was more than 99.5%, pure (BDH, England). Dosage regime 
and experimental design are shown in Table 1. At 50 weeks of 


age, 71°4 of the treated animals were alive, a survival rate 


anaana 


Table 1 Dosage regime for HCB in hamsters 








Concentration Calculated 
No. of animals ofHCBindiet Durationof daily intake 
Group F M (p.p.m.) treatment (mg kg™ d~t) 
Control 40 40 0 Lifespan 0 
Low 30 30 50 Lifespan 4 
Medium 30 30 100 Lifespan 8 
High 60 59 200 Lifespan 16 





comparable with that of the controls. After 70 weeks, a shorter 
lifespan occurred in both females and males treated at the 
highest dose level of HCB; compared with the controls, males 
treated at 200 p.p.m. HCB showed a marked weight reduction. 
Table 2 gives cumulative data on the tumour incidence at 
each dose level. The percentage of tumour-bearing animals 
(TBA) varied, with controls showing a 10% incidence and 
hamsters treated at 200 p.p.m. HCB, a 92%% average incidence. 
There was, therefore, an obvious difference relative to treat- 
ment. The average number of tumours per hamster and the 
percentage of hamsters with more than one tumour also 
showed a dose-response relationship. 
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All 15 thyroid tumours found were alveolar adenomas 
and were present only in treated animals. There was a significant 
increase (P < 0.05) in occurrence of these tumours in males 
treated at 200 p.p.m. HCB, when compared with male controls. 

No hepatomas were seen in the control group. In the HCB- 
treated animals, the incidence increased from 46% in the 
group treated at 50 p.p.m. to 85% in hamsters receiving 
200 p.p.m. HCB. No hepatoma metastases were found. The 
first hepatoma (with multiple nodules, the largest in diameter 
being 7 mm) occurred in one female hamster that died after 
18 weeks of treatment. 

Liver haemangioendotheliomas were also observed only in the 
HCB-treated group. The highest and significant incidence 
occurred in the group treated at 200 p.p.m. HCB, consisting 
of 11.6% of females and 35% of the mdles. Three of the 
haemangioendotheliomas in these animals metastasised. A few 
haemangioendotheliomas were observed in the spleen. 

Among other tumours, an increased incidence of adrenal 
neoplasms occurred; however, no clear dose-response relation- 
ship was shown, nor was there a significant difference between 
the groups. 

The results indicate the carcinogenicity of HCB. In the case 
of other known carcinogens, such as dimethylnitrosamine, 
vinyl chloride, 2-acetylaminofluorene and 2-naphthylamine, 
there is a wide spectrum of carcinogenic activity in different 
tissues and species, including the hamster. In our present 
experiment, doses of HCB ranging from 50 to 200 p.p.m. 
resulted in a significant induction of hepatomas, haemangio- 
endotheliomas and thyroid adenomas. Further, an increased 
number of tumour-bearing animals and of tumours per animal 
was noted, as were a shortened lifespan and a reduced latency 
period for onset of liver tumours. These effects may indicate 
that HCB behaves like certain carcinogens shown to have 
multipotential activity. 

A purely quantitative approach indicates that an intake 
of 4-16 mg kg~! d~! of HCB in our hamsters was within the 
range of the estimated quantities accidentally consumed by the 
Turkish people for several months at a time, resulting in severe 
toxic porphyriat. 

In a study conducted in Louisiana, in 86 persons who resided 
in an HCB-contaminated area, the mean HCB concentration in 
plasma samples was 0.0036 p.p.m. (ref. 7). In yet another investi- 
gation, farm workers occupationally exposed to HCB-contamin- 
ated DACTHAL had blood HCB concentrations averaging 
0.040 p.p.m. but there was no evidence of porphyria in this 
group“. It must, however, be stressed that with Burns’ two cross- 
sectional epidemiological studies’-*, it would have been very 
difficult to demonstrate the carcinogenicity of HCB. 

The extrapolation of the present experimental results to 
man is not possible without considering all available data on the 
biological effects of HCB. In this sense, we believe there is 
urgent need to obtain epidemiological information to evaluate 
the relevance of the experimental studies. 

This work was supported by a US Public Health Service 
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Table 2 Tumour incidence in hamsters given HCB 





No.oftumours More than 


Effective TBA No., Per one tumour 
Group no. no % DO hamster No. % 
Control 39 F 5 12.8 5 0.13 0 0 
40M 3 TS 3 0.08 0 0 
HCBSO 30 F 16 53.3 2! 0.70 4 13.3 
30M 18 60.0 27 0.90 8 26.6 
HCB100 30 F {8 60.0 32 1.06 li 36.6 
30M 27 90.0 45 1.50 14 46.6 
HCB200 60 F 52 86.6 73 1.21 15 25.0 
57M 56 98.2 87 1,52 2T 47.3 





Haemangioendotheliomas 


Thyroid Hepatoma Liver Spleen Other _ 
No. % No. ™% No % No % No % 
0 0 0 0 0 0 i 2.5 4 10.2 
0 0 0 0 0 0 0 0 3 7.5 
2 6.6 14 46.6 0 0 0 0 5 16.6 
0 0 i4 46.6 I 3.3 1 3.3 11 36.6 
1 3.3 17 $6.6 2 6.6 3 100 9 30.0 
i 3.3 26 86.6 6 20.0 3 10.0 9 30.0 
3 5.0 5i 85.0 7 l6 4 6.6 8 13.3 
8 140 49 859 20 35.0 4 7.0 6 105 
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Effect of aspirin administration 
on retinoic acid toxicity in mice 


THIS study was designed to provide an indirect assessment 
of the possible role of prostaglandins in retinoid intoxica- 
tion. If the symptoms of retinoid toxicity are mediated by 
prostaglandins, an inhibitor of prostaglandin synthesis 
should ameliorate the symptoms of sublethal intoxication 
and perhaps even increase the lifespan of mice treated 
with lethal doses of retinoids. The observations reported 
here indicate that aspirin can antagonise the toxic effects 
of retinoic acid. 

Sporn et al'* have presented information on the bio- 
logical activity of a number of retinoids (vitamin A 
analogues). Retinoids seem to influence differentiation 
of epithelial cells in several tissues to the extent that 
in certain test systems, they prevent or reverse malignant 
transformation of epithelial cells exposed to known carcino- 
gens'. This activity holds promise for the “chemoprevention” 
of cancer in man. Since chemoprevention will involve 
use of a drug by individuals who have a greater than 
average chance of developing cancer but who may be 
healthy otherwise, the acceptability of retinoids may 
depend on their toxicity. Excessive doses of retinol or 
all-trans-retinoic acid (RA) produce a hypervitaminosis 
A syndrome in man and experimental animals*~*. Hixson 
and Denine® suggested that this syndrome might be more 
appropriately referred to as retinoid intoxication, since 
many of the retinoids exhibit similar side effects, including 
headache, vomiting, pruritus, skeletal pain, and bone 
resorption*"*"’, 

The mechanism of retinoid toxicity has been open 
to question’, but the syndrome Suggests a possible 
mediator. Headache*®, vomiting’, pruritus’, skeletal 
pain’ and bone resorption“ are common symptoms 
of retinoid intoxication and prostaglandin activity. Hypo- 
thetically, the symptoms of retinoid intoxication may be 
mediated by prostaglandin production. As a preliminary 
test of this hypothesis, we have treated mice with a 
combination of aspirin and toxic doses of RA. Vane*® 
demonstrated that aspirin inhibits prostaglandin production, 
and subsequent studies have confirmed his conclusions s, 
Since bone thinning (resorption) and occurrence of 
fractures provide a dose-dependent indication of retinoid 
intoxication in mice’, we have used this endpoint and 
the incidence of mortality to demonstrate that aspirin 
protects mice from retinoid intoxication. 

To produce retinoid intoxication in mice, RA (30 mg kg™’) 
was administered intraperitoneally (ip.) daily for 21d 
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(QIDX21). This dose approximated the LDs obtained 
previously with this schedule in our laboratories*””, RA 
was suspended in an aqueous solution of 8% Cremophor 
EL (Sigma) and 10% propylene glycol; these suspensions 
were protected from light. Aspirin (ASA) was suspended 
in a mixture of physiological saline and 0.3% hydroxy- 
propyl cellulose. Sixty adult Swiss mice weighing 
approximately 24g (range: 21-27 g) were distributed into 
three experimental groups of 20 mice each (10 male, 
10 female). Drugs were administered according to indi- 
vidual body weight as follows: RA only, 30 mgkg™ ip., 
QIDx21: ASA only, 150mgkg" by mouth. -(p:o.), 
Q1Dx21; RA 30mgkg™ ip. plus ASA 150mg kg” p.o., 
QIDX21. Mice were weighed twice weekly and. X-rayed 
on treatment days 1, 8, 15, and on the day after the 
last treatment. X-ray films were evaluated weekly to deter- 
mine the number of fractured bones per mouse. During 
the treatment period, including the day after last treat- 
ment, deaths per total mice (group) were: 10/20 (RA), 
1/20 (ASA), and 0/20 (RA+ASA). This experiment was 
repeated: 60 mice weighing approximately 26g (range: 
22-30 g) were distributed and treated as before, except 
that these mice were not X-rayed on treatment day 1. 
In this experiment, deaths per total mice (group) were: 
7/20 (RA), 0/20 (ASA), and 3/20 (RA + ASA). 

The frequency of deaths and the frequency of fractures 
among survivors on days 8, 15, and one day after last 
treatment were arranged as a contingency table for each 
experiment. Since no fractures occurred in ASA-treated 
mice, they were excluded. Chi-square analysis indicated 
that the data from the two experiments were sufficiently 
homogeneous to justify pooling them. The pooled data 
(Table 1) were then tested for statistical significance”. 
The difference in mortality between the RA group (17/40) 
and the RA+ASA group (3/40) was significant (P < 0.001) 
on the day after last treatment. On day 15, the number 
of mice with three or more fractures was significantly 
greater in the RA group than in the combination group 
(P < 0.05); no other significant differences were observed 
and there seemed to be no sex differences. Differences 
were apparent between the general condition of mice 
in the RA group and the RA+ASA group on the day 
after last treatment. Loss of body weight. for example, 
is characteristic of sublethal retinoid intoxication. 

Data presented in Table 1 suggest that ASA treatment 
either delayed or antagonised the development of sub- 
lethal retinoid toxicity. Although no differences were 
detected in the number of fractures after three weeks 
of drug delivery, the reduced mortality in the RA+ASA- 
treated mice strengthens the suggestion of benefit from 
ASA treatment. Agents other than ASA are more potent 
inhibitors of prostaglandin synthesis": and if prostaglandins 
do play a part in retinoid intoxication, the protection 
indicated by these results can probably be improved with 
optimal treatment. 

Although more direct support of our hypothesis is 
required, a question worthy of early consideration is how 
prostaglandins might fit into a mechanistic scheme for 
retinoid intoxication. Mallia et al. have concluded that 
retinol toxicity occurs in rats when the binding capacity 
of plasma retinol-binding protein is exceeded. Plasma 
concentrations of free retinol and retinyl esters then 
become elevated. These results have also been demonstrated 
in humans”. Similarly, saturation of intracellular or 
extracellular proteins that bind retinoids would result in 
higher concentrations of free retinoids. Free retino.” 
and free retinoids’: destabilise lysosomal membranes. The 
subsequent release of lysosomal enzymes, particularly 
phospholipase A, induces prostaglandin synthesis”. 
Destabilisation of lysosomal membranes and release of 
lysosomal enzymes have been invoked to explain the 
local elevation of prostaglandin concentrations following 
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Table 1 Effects of retinoic acid alone and in combination with aspirin on Swiss mice 


Day Group 0 
8 RA 22/40 
RA + ASA 16/40 
15 RA 7/36 
RA + ASA 9/38 
22 RA 5/23 
(Day after RA + ASA 5/37 
last treatment) 





No. of fractures per survivor No. of 
1 2 34+ deaths per total 

13/40 5/40 0/40 0/40 
20/40 3/40 1 140 0/40 
10/36 8/36 11/36* 4/40 
15/38 10/38 4/38* 2/40 

4/23 3/23 11/23 17/407 

7/37 13/37 12/37 3/407 


* The number of animals with three or more fractures is significantly lower in the RA + ASA group (P < 0.05). 
+ The number of deaths is significantly lower in the RA + ASA group (P< 0.001). 


application of RA to guinea pig skin”. Our observations 
suggest that systemic administration of RA has a similar 
effect. Rational control of retinoid intoxication will have 
an important influence on the development of retinoids 
for human use. 
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L-Dopa methyl ester as 
a new antitumour agent 


L-DOPA (L-3,4-dihydroxyphenylalanine) is extensively used in 
man for the treatment of Parkinson’s disease, and it can also 
inhibit selectively the growth of pigmented human melanoma 
cells in vitro’. Demonstration of in vivo antitumour activity, 
however, has been lacking except in the special case of hormon- 
ally responsive mammary carcinoma? where the antitumour 
effect is thought to be mediated indirectly. Since in vitro 
cytotoxicity was not observed until concentrations of 600- 
1,200 pg m| ~> were attained the use of the more soluble methyl 
ester derivative was proposed as a method for delivery of 
cytotoxic doses. Jn vivo antitumour activity of L-dopa methyl 
ester is reported here in the following tumour systems: L1210 


lymphocytic leukaemia; 
B-16 melanoma. 

The results of in vive antitumour experiments are summarised 
in Table 1. L-Dopa itself, because of insolubility, could not be 
administered to mice at doses greater than 100 mg kg™ and 
did not show therapeutic activity at this dose. The methyl ester 
at the maximally tolerated dose of 600 mg kg™, however, 
exhibits activity in each of the test systems and is relatively 


P388 lymphocytic leukaemia and 





Table 1 Jn vivo antitumour activity of L-dopa methyl ester against 
L1210 and P388 murine leukaemias and B-16 melanoma 








4, Increase lifespan (LLS)* 


Drug Dose (mg kg~') Liig P388 B-16 
L-dopa 
methyl ester 500 Ł33 -+46 +22 
600 +33 4.27 -+ 344- 50)f 
Ro4-4602 200 4-22 4-10 0 
MK 486 100 + 10F + 0 0 
Ro4-4602 and 
L-dopa methyl 
ester 200+ 800 +25 
200 + 1,000 +44 +45 +30 
200 +- 1,250 +55 -4-36 
MK 486 and 
L-dopa methyl 
ester 100-4 1,000 +55 +-70 





L-Dopa and Ro4-4602 were gifts from the Hoffman LaRoche 
Company, Nutley, New Jersey; MK 486 was from the Merck, 
Sharpe and Dohme Co., West Point, Pennsylvania; L-dopa methyl 
ester was from the Sigma Chemical Company, St Louis, Missouri. 
Antitumouractivity ofeach compound was determined by measuring the 
median ILS of mice given intraperitoneal (i.p.) inoculations of either 
1 x 10° P388, 1 x 10° L1210 lymphocytic leukaemia cells or 0.5 ml ofa 
1:10 homogenate of B-16 melanoma tumour. The assay procedures 
followed the standard National Cancer Institute protocols! for these 
tumour systems, with treatment beginning on the first day after 
tumour inoculation and continuing daily for 7d with L1210 and 
P388 and 12d for B-16 tumour. Agents were given i.p. in saline. 
Ro4-4602 was given Ih before treatment with ester. C57BI > 
DBA/2 F, male mice (Jackson Laboratory, Bar Harbor, Maine) 
were used throughout. Percentage ILS was calculated according to 
the equation: % ILS = 100% (t/c~ 1) where t is the median survival 
time (in d) of the treatment group and ¢ is the median survival time 
of the control group. 

*Values are significant at P < 

+NS, Not significant. 

+Administered daily for 24 d. 


< 0,001 unless otherwise noted. 


active against the B-16 melanoma, which is considered to be 
highly refractory to conventional agents. The combination of 
L-dopa methyl ester with the inhibitors of dopa decarboxylase 
benserazide (Ro4-4602) and carbidopa (MK 486) (refs 3, 4) 
results in a marked increase in both the antitumour effect and 
the maximally tolerated dose. 

Table 2 summarises the effects of L-dopa methyl ester on 
thymidine, uridine and leucine incorporation in the S-91 Cloud- 
man melanoma and L929 mouse fibroblast in vitro. There is a 
selective and profound inhibition of DNA synthesis as measured 
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during drug exposure, with relatively greater inhibition in the 
melanoma cells. Uridine and leucine incorporation are largely 
unaffected. The greater inhibition observed in the pigmented 
line as well as the activity observed against B-16 melanoma may 
be related in part to the role of L-dopa as a biochemical inter- 
mediate in the formation of the pigment, melanin’. 

Although the precise cellular target of L-dopa methyl ester is 
not known, the pharmacological factors important to in vivo 
activity may be inferred. The acute toxic effects of L-dopa are 
mediated by its conversion to dopamine by the enzyme L- 
aromatic amino acid decarboxylase. At the high doses of L-dopa 
administered, a hypercatecholamine-type state was observed. 
The animals became agitated and tremulous and usually died 
with I-2h after administration. These acute toxic effects of 
L-dopa are probably mediated by its conversion to dopamine 
by the enzyme, t-aromatic amino acid decarboxylase (dopa 
decarboxylase). The striking increase in both the therapeutic 





Table 2 Inhibition of macromolecule biosynthesis by L-dopa and 
L-dopa methyl ester in S-91 Cloudman melanoma and mouse 
fibroblast L929 in vitro 








L-Dopa 
Cell line Concentration (ug mi~) DNA RNA Protein 
S-91 600 49-4 1546 10485 
1,200 7045 3045 16+8 
L929 600 4144 2145 34+8 
1,200 4925 2246 3245 
L-dopa methyl ester 
S-91 600 96 4-1 44412 27+:7 
1,200 9 6545 474-10 
L929 600 7 44-5 5248 
1,200 8 6711 7648 


‘—aoeaaesanantemeemnmanerteatnentrteremmtmunnninusinisisiemmamnenantstenenmtuststetnenenrnrneintennemsusustsseeneisnetnnasteetererneseanunattnnenrneeweneries 


Values represent % inhibition and are mean -+ s.e.m. for triplicate 
determinations. The origin and maintenance of cell lines has been 
described in detail previously. Cells were grown in McCoy’s 5A 
medium supplemented with 15° foetal calf serum, 100 units ml! of 
penicillin and 100 ug mi~? of streptomycin’. Cells were plated in 
Linbro multi-well tissue culture trays and after 48 h they were in the 
log phase of growth. Medium was then aspirated, the monolayer 
washed and I ml of serum-free medium containing 2 pCiml~! of 
either *H-thymidine (specific activity 2 Cimmol-'), ?H-5-uridine 
(specific activity 25 Cimmol™, or *H-leucine (specific activity 
41 Ci mmol ~t) (New England Nuclear, Boston, Massachusetts) was 
added. After 60min at 37°C medium was removed, cells were 
washed once with saline and 1 mi of 10% trichloroacetic acid was 
added. The precipitate was washed three times with 0.9%% sodium 
chloride and 0.5 ml of 1.0 M KOH added. Precipitate containing 
RNA, DNA and protein was then digested at 37 °C for 4h and an 
aliquot added to scintillation vials containing Aquaso!l (New England 
Nuclear). 


effect and maximally tolerated dose observed by pretreatment 
with inhibitors of this enzyme, may be related to the resulting 
elevated plasma levels of L-dopa and decreased levels of 
dopamine’. Alternatively, since Ro4-4602, an analogue of 
L-dopa, exhibited significant antitumour activity in L1210 and 
P388 systems, (P < 0.001), the increase in activity of this 
combination may be partially the result of an additive anti- 
tumour effect. 

An intriguing possibility concerning the mechanism of action 
of L-dopa methyl ester and Ro4-4602 may be proposed. It is 
well known that L-dopa can combine with cysteine to yield 
5-cysteinyldopa, a metabolite found in large amounts in the 
urine of patients with metastatic melanoma’. Livingston et al. 
have demonstrated® that a large number of lymphoid and 
myeloid tumour lines, including L1210 and P388, are unable to 
grow in tissue culture in the absence of pre-formed L-cysteine’. 
It is possible, therefore, that L-dopa methyl ester and its 
analogue Ro4-4602 function as sulphydryl scavengers, depriving 
tumours of essential growth factors. 

L-Dopa methyl ester is a novel and potent antitumour agent 
in experimental tumour systems. It seems to act primarily 
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through inhibition of DNA synthesis. Extensive experience 
with both L-dopa and dopa decarboxylase inhibitors in human 
disease should permit rapid evaluation of their potential clinical 
significance. 
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Dopamine agonists induce recovery 
from surgically-induced septal rage 


ALTHOUGH recovery of function following brain damage has long 
been known to occur, the mechanisms involved are not completely 
understood'. Of relevance to this problem are reports of pharma- 
cological facilitation of recovery from brain damage in humans? 
and from experimentally-induced nervous system lesions in 
animals**. We have previously reported that L-dopa injections 
produce a dramatic and apparently permanent abolition of the 
hyper-reactivity or rage syndrome that results from surgical 
damage to the septal nuclei of the rat forebrain’. Independent 
confirmation of this finding has also appeared''. We report here 
that other dopamine agonists share this ability to attenuate or 
abolish the septal rage syndrome (SRS). 

Individually housed male Long-Evans hooded rats (280-320 g) 
were anaesthetised with sodium thiopental and subjected to 
bilateral radio frequency lesions of the septal nuclei, using 
standard surgical and stereotaxic techniques. These lesions de- 
stroyed the medial and lateral septal nuclei and damaged the 
adjacent caudate nuclei, nucleus accumbens septi, and stria 
terminalis. 

After recovery from the anaesthesia, approximately 60°% of the 
lesioned animals exhibited a clear and persistent SRS, consisting of 
explosive reactivity to visual, tactual and auditory stimulation, 
coupled with pronounced biting, attack, fleeing, muscle tension 
and muricide'*, These hyper-irritable animals were then return- 
ed to their home cages; and, on the next day, rated for SRS 
hyperirritability'? in special observation chambers. Each animal 
was then given an intraperitoneal injection of one of the following: 
L-dopa (100, 60, 40, 30 or 10 mg per kg body weight), apomorphine 
(20, 15, 10 or 5 mg per kg), piribedil (300 or 200 mg per kg), 
amphetamine (4 or 2 mg per kg), methohexital (40 mg per kg), or 
saline. Each animal was returned to its home cage, and then placed 
in the observation chamber and rated for hyperirritability at 0.5, 1, 
1.5, 2, 3, 4, 24, 48, 72, 96, and 120 h post-injection. All ratings of 
drug-injected animals were done blind. The methohexital treated 
animals were additionally rated at 0.25 and 0.75 h post-injection, 
and the apomorphine animals were also rated at 5 and 6 h. A few 
animals from some groups were also rated at times beyond 120h 
(up to | month after injection). In this particular preparation, 
competing stereotypic behaviours were not observed for any of the 
doses of the catecholaminergic agonists used. Statistical analyses 
of changes in hyperirritability were performed as appropriate 
using the Friedman non-parametic analysis of variance (x,?), the 
Wilcoxon matched-pairs signed-ranks test (T), and the Mann- 
Whitney rank test for independent samples (U). 

Saline-injected animals (Fig. 1) exhibited a constant level of 
irritability for the first 24 h, followed by gradual dimunition over 
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Time after injection (A) 


Fig. 1 Post-injection changes in SRS brain lesion symptoms Cirritability’) following single administrations of a, L-dopa: @, 100mg per kg 


body weight, a = 8: ©, 60 mg per kg, n = 5; $, 40 mg per kg, z 
@, 20 mg ner kg, n = 12; ©, 15 mg per kg. a 


nee 7; 0, 200 mg per kgn = 


5; W. 10 mg per kg, a = 6; 
3. d, Amphetamine: @, 4 mg per kg,» 


30mg per kg, n = 4: A. 10 mg per kg, n = 4. bh. Apomorphine: 
. img per kg, a = 5. c, Piribedil: @, 300 mg per kg, 


10; 0,2 mg per kg, n = 6. e, Methohexitai, 40 mg per kg, a = I4. 


f. Saline, # = 10. 


the ensuing 5 d (%,? = 47.8, P < 0.001), similar to non-injected 
animals, In contrast, animals given L-dopa (100 mg per kg) 
showed a dramatic and prompt return (Fig la) to pre-operative 
levels of irritability (for the 0-4 h post-injection period, %,? = 
43.8, P < 0.001). Latency for a measurable effect was 90 min 


were indistinguishable from non-lesioned controls (the differ- 
ence between the 100 mg per kg L-dopa animals and the saline 
controls also reaching significance by 120 min after injection; 
U = 1.5, P < 0.001). The L-dopa animals showed normal right- 
ing, placing and balance reflexes, and gave no appearance of 
being sedated; they continued to eat and drink, and remained 
normally responsive to environmental stimuli. The L-dopa 
abolition of lesion-induced SRS symptoms was also note- 
worthy for its permanence; none of the 100 mg per kg treated 
animals showed return of hyperaffective behaviour when exam- 
ined up to | month post-injection, At 60 mg per kg L-dopa, a 
less marked, but still prompt and clear, attenuation of lesion- 
induced symptoms occurred (y,2 = 19.8, P < 0.01). 

Animals given apomorphine also showed a drug-induced SRS 
amelioration (Fig. 1b). Apomorphine at 20 mg per kg produced 
complete and permanent abolition of lesion-induced symptoms 
within 120 min (y.? = 35.4, P < 0.001); lower doses produced 
less effect on the time course of recovery (Fig. 1b). As with L- 
dopa, the animals were not merely sedated, and the drug- 
induced behavioural change was permanent. 


Pirtbedil and pi-amphetamine produced differing effects on 
the time course of SRS recovery (Fig. 1c, d). Piribedil produced 
the same initial SRS amelioration during the first 4 h as L-dopa 
and apomorphine (z,* for 200 mg per kg piribedil = 15.1, 
P < 0.01: x? for 300 mg per kg piribedil = 26.7, P < 0.001). 
But, this was followed by subsequent SRS increase at 24 and 
48h (most noticeable in the 300mg per kg animals, which 
showed the most SRS attenuation during the first 4 h (y,7 = 9.3, 
P < 0.05)). The irritability of the piribedil-injected rats then 
attenuated over the next 4d (y,2 for 200 mg per kg = 8.5, 
P < 0.01; x,? for 300 mg per kg = 13.0, P < 0.01) at the same 
rate observed in untreated controls. Amphetamine produced an 
initial SRS increase during the first 90 min (only the 2 mg per kg 
animals being significant; 7,7 = 9.25, P < 0.01), followed by a 
rapid and permanent SRS abolition (y,? for 2 mg per kg = 44.4, 
P < 0.001: x? for 4 mg per kg = 43.6, P < 0.001). 

In marked contrast to the L-dopa, apomorphine, piribedil or 
amphetamine effects, the short-acting barbiturate methohexital 
produced immediate sedation (T = 0, P < 0.001), followed by 
rapid return to full, lesion-induced SRS irritability (%-* = 29.1, 
P < 0.001), which then attenuated over the next 5d (vi? = 
27.8, P < 0.001) at a rate similar to control animals (Fig. le). 
Essentially, methohexital produced a brief and profound 
sedation, but no effect on the time course of recovery from the 
lesion. Thus, the action of L-dopa and apomorphine cannot be 
ascribed to theefect of handling during transient tranquillisation. 
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Apomorphine seems relatively selective in its dopamine receptor 
stimulating properties'*'*. so activation of dopamine receptors 
seems sufficient to induce neuronal processes leading to recovery 
from septal damage. The initial SRS exacerbation under amphe- 
tamine may reflect a noradrenergic effect (preliminary data from 
SRS animals given imipramine, which also seems to intensify the 
SRS symptoms. seem confirmatory); the biphasic response to 
piribedil may reflect an action on presynaptic release of dopamine 
at brain sites distinct from the sites wherein apomorphine and L- 
dopa exert their effects'®. 

Our data contrast with reports of pharmacological dimunition 
of SRS symptoms by neuroleptic agents, barbiturates. physostig- 
mine, chlordiazepoxide and non-narcotic analgesics! ’~?°. In these 
cases, the effects were transient and most closely resemble the 
present methohexital effect (albeit with less brief and profound 
behavioural inhibition). There are also reports of sedative and/or 
excitatory effects of L-dopa and related compounds on normal or 
brain-damaged animals, but these effects, too, are transient and 
reversible. The only previous report of permanent SRS abolition is 
that of Dominguez and Longo”. using p-chlorophenylalanine 
(PCPA). These data have been interpreted to implicate a seroton- 
ergic role in SRS recovery”, but we suggest that they may support a 
catecholaminergic (possibly dopaminergic) role in SRS recovery, 
since the time course of the action of pCPA action on the SRS is 
more consistent with an action on catecholaminergic 
systems?! 73, 

The time course that we find for dopamine agonist-induced SRS 
recovery is only a few hours. Most neurological or behavioural 
processes invoked as explanations for recovery from brain damage 
have time courses measured usually in weeks, for example neural 
reorganisation, vicarious function, denervation supersensitivity. 
axonal sprouting and regrowth, and behavioural substitution'. 
Changes in blood-brain barrier permeability?* and diaschitic 
alterations in brain function??* may have shorter time courses, 
however. We are unable to find any alteration in blood-brain 
barrier permeability to noradrenaline in septally lesioned animals 
displaying SRS symptoms (uptake of intravenous *H-nor- 
adrenaline into brain tissue was studied in six SRS, six septally- 
lesioned non-irritable, and six sham-operated rats 24h after 
surgery; no differences between groups were found). The possi- 

bility of a diaschitic process remains—dopaminergically induced 
SRS recovery may involve the return of function in transiently 
dysfunctional regions either adjacent to or neuronally connected 
to the lesioned area. Possible regions of transient dysfunction 
might include the fibres and nuclei of the dopamine-rich mesolim- 
bic forebrain system*°-?”, for example, the nucleus accumbens 
adjacent to the septal nuclei. and the olfactory tubercle and 
anterior amygdala, reciprocally connected to the septum?*. The 
mechanism by which dopaminergic stimulation might hasten 
recovery of function in these areas remains to be determined. 
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Viable chimaeras produced from 
normal and parthenogenetic mouse embryos 
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PARTHENOGENESIS Occurs spontaneously in about 10% of ovu- 
lated eggs of inbred strain LT/Sv micet? and is experimentally 
inducible in other strains by various physical and chemical 
agents (see ref. 3 for review). The development of most parthe- 
notes seems normal up to the expanded blastocyst stage’, They 
implant in the uterus, but, for reasons unknown, are resorbed 
within a few days. Although they rarely survive to 8 d of gesta- 
tion when they develop somites, heart muscle, amnion, and 
neuroepithelium, Kaufman er al.’ obtained two embryos with 
25 somites by transferring parthenogenetic blastocysts to the 
uteri of ovariectomised females treated with exogenous hor- 
mones. Even though parthenogenetic embryos do not survive to 
birth, their cells contain genetic information that permits pro- 
longed survival. If two-cell parthenotes are cultured to the 
blastocyst stage and then grafted to extrauterine sites such as the 
testis or kidney, they may survive as teratomas composed of 
several types of tissues and undifferentiated embryonal cells (refs 
1, 6 and L.C.S. and D.S.V., unpublished). Furthermore, strain 
LT/Sv spontaneous ovarian teratomas contain numerous differ- 
entiated tissues composed of parthenogenetically derived cells. 
The questions remains-—why do parthenotes not survive at the 
organismic level in utero? Eicher and Hoppe’ used experimental 
chimaeras composed of normal and abnormal embryos to trans- 
mit a recessive X-linked lethal mutation, and we considered the 
possibility that parthenogenetic embryonic cells might also be 
rescued if combined with normal embryonic cells. Here we 
present evidence of production of at least two viable chimaeras 
between normal and parthenogenetic embryos. 
Parthenogenetic eight-cell embryos were obtained from F, 
hybrid females produced by mating females of the LT/Sv strain 
to males of the incipient recombinant inbred strain LTXBJ 
(L.C.S. and D.S.V., unpublished). (The progenitors of LTXBJ 
were strains LT/Sv and C57BL/6J. Strain LTXBJ had been 
inbred for 11 generations of brother = sister matings when the 
experiments were initiated.) Nearly all of the females of the 
LTXB3J recombinant strain have bilateral ovarian teratomas at 
3 months of age. These teratomas are derived from partheno- 
genetically activated ovarian eggs. About 30°% of their ovulated 
eggs undergo spontaneous parthenogenetic development. 
(LT/Sv = LTXBJ)F, hybrid females have the same high incid- 
ence of spontaneous parthenogenesis as LTXBJ females. 
Inbred strain LT/Sv is homozygous for the alleles a, B“, C, 
and Gpi-/* at the agouti, brown, albino, and glucose-phosphate- 
isomerase-1 loci, respectively. LTXBJ is homozygous for the 
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alleles a, B, C, and Gpi-/®. Although parthenogenetic embryos 
from the LT/Sv strain are diploid (P. C. Hoppe, personal com- 
munication), it is not known whether they result from initiation 
of mitosis in primary oocytes or secondary oocytes (lack of the 
second meiotic division), or diploidisation of haploid ootids. 
Regardless of their origin the parthenogenetic embryos from the 
(LT/Sv x LTXBJ)F, females would appear a/a C/C. Depending 
on the nature of their origin, however, their genotypes for the 
brown and glucose-phosphate-isomerase-| loci could be homozy- 
gous (for either allele) or heterozygous. Interpreting the origin of 
parthenogenetic cells in chimaeras was further complicated 
because we combined two parthenogenetic embryos per single 
normal embryo to form each chimaera. The two parthenotes 
could have different genotypes. 

The normal eight-cell embryos were derived from eggs of 
albino 129/Sv (homozygous A”, B, c, Gpi-/*) females fertilised 
by sperm from A/HeJ (homozygous a, b, ¢, Gpi-/") males. Thus, 
these F, embryos were genotypically A"/a, B/b, cle, Gpi-1"/Gpi-1". 

Experimental chimaeras were produced by aggregating eight- 
cell embryos in vitro”. After removal of the zona pellucida with 
Pronase, one normal and two parthenogenetic morulae were 
combined in Whitten’s medium” and cultured overnight. The 
aggregated ‘triplets’ were then introduced into the uteri of 
(SJL x CS5S7BL/10)F, pseudopregnant females. To date, 55 
‘triplet’ embryos have been transferred into six pseudopregnant 
females and two litters have been delivered. 

On 30 January 1977 a litter of five mice was delivered by a 
female that had received eight ‘triple’ embryos. Of the four live 
young, one was a male about half the size of his three female 
littermates. This male was white with small patches of pigmented 
hair on the back and head that could only have been derived 
from the parthenogenetic embryos. Some of the pigmented hair 
was agouti and some non-agouti indicating that the mouse was 
chimaeric with respect to hair follicle cells. Both irises had pig- 
mented and non-pigmented areas (Fig. 1). No nipples were evi- 
dent. At 26d old the chimaeric male weighed 13 g, and his 
littermates weighed 16 g each. 





Fig. 1 Eye of chimaera mouse. The non-pigmented areas were 
derived from a normally fertilised egg, the pigmented areas from 
one or two parthenogenetically activated eggs. 


At 36 d old, blood samples were collected from the male and 
his four littermates and analysed for GPI (Fig. 2). All of the non- 
chimaeric females showed only the GPI-IA form of glucose 
phosphate isomerase. The red blood cells of the chimaeric male 
apparently included cells derived from the parthenogenetic 
embryos as shown by a GPI-1B band (Fig. 2) that could only 
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Fig. 2 Electrophoresis of red blood cell lysates on cellulose 
acetate gels stained for glucose phosphate isomerase using method 
of Eicher and Washburn". In slots 1-3 and 8 are lysates from the 
four normal female sibs (GPI-1A) of the chimaeric male. Slot 5 
includes lysate from a C57BL/6J male (GPI-1B) and slot 7 from a 
(C57BL/6J » DBA/2J)F, male (GPI-IAB). Slot 4 (repeated in 
slot 6) contains lysate from the chimaeric male. Of interest are the 
two bands present in slots 4 and 6 that have migrated at a faster 
rate than the major band in the position of GPI-I1A. These two 
minor bands line up such that one is in the same position as the 
GPI-1AB (hybrid) band and the other in the position of the 
GPI-1B band. It seemed that the slower of the two bands (position 
of GPI-1AB hybrid band) stained more intensely than the faster 
band (position of GPI-1B), as is the case in lysates from a Gpi-/*/ 
Gpi-1” individual, suggesting that at least one parthenogenetically- 
derived embryo in the chimaeric male mouse was of the Gpi-/*/ 
Gpi-1" genotype. 


result if cells of parthenogenetic origin were present. In addition, 
a GPI-IAB band was evident. Its intensity seemed greater than 
the GPI-1B, as is the normal case of Gpi-/*/Gpi-1° cells, suggest- 
ing that at least one of the parthenogenetic embryos was of the 
Gpi-1*/Gpi-1" genotype. The presence of a GPI-1 AB band would 
imply that at least one of the parthenogenetic embryos resulted 
from mitosis of a primary oocyte or lack of a second meiotic 
division in a secondary oocyte (with crossing over between the 
centromere and the Gpi-1 locus), but not diploidisation of hap- 
loid ootids. It is also possible that a polar body nucleus fused 
with its egg nucleus. 

At 38 d of age the male gonads were examined through an 
incision in the abdominal skin and musculature. Both seemed to 
be normal testes. The right testis was removed and prepared for 
histological examination. There was no histological evidence 
that cells of parthenogenetic origin were present in the testis. To 
date the chimaeric male has sired 27 albino offspring, none of 
which shows evidence of parthenogenetic cells. 

On 27 March 1977, a second litter of three mice was delivered. 
This litter was obtained by transferring 9 ‘triple’ embryos each 
composed of two LT/Sv parthenotes with one albino 129 
embryo. The female of this litter was much smaller than its two 
male littermates. Both her irises were pigmented showing the 
presence of parthenogenetic cells. 

The evidence presented here shows that cells of parthenogene- 
tic origin can survive and participate in normal organ formation. 
Since both parents of the normal embryo were albino, all of the 
pigment cells in the coat and irises of both chimaeras must have 
been derived from parthenogenetic embryos. Since the agouti 
pattern is determined by the genotype of the hair follicle cells, 
the presence of agouti hairs in the male chimaera indicates that 
some of these cells originated from the parthenogenetic member. 
Finally, the presence in the male chimaera of LT/Sv strain- 
specific GPI shows that red blood cells were derived from par- 
thenogenetic embryos of the chimaera. 

Although our preliminary results indicate that parthenogene- 
tic cells are capable of differentiating normally in combination 
with normal cells, it is still not clear why parthenotes cannot 
survive to term in utero in strain LT/Sv mice. 

We thank W. K. Whitten and S. Carter for useful discussions 
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Note added in proof: It has recently been found that ovarian 
teratomas in mice are derived from oocytes that have 
completed the first meiotic division". 
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Ovarian teratomas in mice are 
derived from oocytes that have 
completed the first meiotic division 


SPONTANEOUS Ovarian teratomas are found in about 50% 
of strain LT/Sv mice by the time they are 90d old’. These 
teratomas result from parthenogenetic cleavage of ovarian 
oocytes. Some parthenotes reach a developmental stage 
equivalent to 7d embryo before they become disorganised 
and further develop into a teratoma. Since some cleaved 
ovarian oocytes are accompanied by polar bodies, but others 
seem to lack them, it was uncertain whether the teratomas 
derive from oocytes that complete the first meiotic division 
or from oocytes that cleave mitotically without previous 
meiotic division. 

A strain of mice having an even higher frequency of 
ovarian teratomas than LT/Sv was produced by making a 
recombinant inbred line from strains LT/Sv and C57BL./6J 
(L.C.S. and D.S. Varnum, unpublished). Nearly all of the 
females of this recombinant line, called LTXBJ, have 
bilateral ovarian teratomas by 90d of age. Fortuitously, 
among the CS7BL/6J genes retained in the recombinant 
Strain is the Gpi-/" allele at the glucosephosphate isomerase 
(Gpi-1) locus on chromosome 7. Since strain LT/Sv is 
homozygous for the Gpi-/" allele at this locus, (LT/Svx 
LTXBJ)F; hybrids are heterozygous at Gpi-/ and express 
the A, hybrid AB and B allozymes in a ratio of 1:2:1 
(Fig. la). 

Electrophoresis of 23 teratomas from F, female mice 
revealed a homozygous A or B allozyme banding pattern 
in 21 cases (Fig. 1b). The other two teratomas showed the 
1:2: 1 heterozygous banding pattern, indicating that they 
were heterozygous Gpi-1*/Gpi-1*. 

We concluded from these results that the teratomas 
found in the (LT/SvxLTXBJ)F, female mice originated 
from parthenogenetically cleaved oocytes which had com- 
pleted the first meiotic division (Fig. 2). In 21 of 23 cases. this 
division segregated the Gpi-/® and Gpi-/ alleles so that 
the parthenogenetic embryo and subsequently the teratomas 
were homozygous for either of those alleles at the Gpi-1 
locus. In the other two cases, where the heterozygous 
banding pattern was found, the most probable conclusion 
is that crossing-over has occurred between the centromere 
and the Gpi-/ locus, so that the Gpi-/* and Gpi-/” alleles 
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were located on two chromatids attached to the same 
centromere. 

Other studies on the origin of ovarian teratomas in 
women who were heterozgyous for alleles producing allo- 
zymes of glucose-6-phosphate dehydrogenase and phospho- 
glucomutase, have shown that these teratomas were homo- 
zygous for the alleles in most cases, and thus that they 
arose from oocytes that had completed the first division of 
meiosis’. 
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Fig, 1 a, Electrophoresis of supernatants prepared from ovaries 
(slots 1-6, and 8) and spleen (slot 7) from (LT/Sv x LTXBJ)F, 
mice. Male LTXBJ mice were mated with female LT/Sv to 
produce the hybrids. At 8-10 weeks of age, the F, females were 
autopsied and teratomas were removed while taking care to 
contaminate the tumour with as little ovarian tissue as possible. 
Excessively bloody tumours were not used. Pieces of tissue were 
homogenised with ground glass microhomogenisers in 0.05 ml 
50 mM Tris-HCI buffer, pH 7.5, containing 1 mM EDTA and 
| mM f-mercaptoethanol. The homogenate was centrifuged for 
20 min at 16,000g and the supernatant solution used as the 
enzyme source, Electrophoresis was carried out on Titan-III 
Zip Zone cellulose acetate plates (Helena Laboratories, Beaumont, 
Texas) with 0.043 M Tris, 0.046 M glycine buffer, pH 8.6, for 
1.75 h at 180 V. Glucose phosphate isomerase (EC 5.3.1.9.) was 
detected with a 1% agar overlay containing 50 mM Tris-HCl, 
pH 8.0, 2.5 mM MgCl), 2.5 mM fructose-6-phosphate, 1 mM 
NADP, 0.1 mg mi~ phenozine methosulphate, 0.5 mg mi~ 
nitroblue tetrazolium and 5 IU mi~ glucose-6-phosphate 
dehydrogenase. The GPI-1B form in slot 2 appears darker than 
the GPI-IAB, suggesting that this piece of ovary was contamina- 
ted with some teratoma tissue which was not obvious when the 
sample was taken. A piece of F, tissue was tested from each 
animal from which a teratoma was assayed to assure heterozy- 
gosity. b, Electrophoresis of supernatants prepared from tera- 
tomas from (LT/Sv < LTXBJ)F, female mice. Samples 1-3 and 
5-8 show either the GPI-1A or GPI-1B allozyme pattern. Sample 
4 is one of the two teratomas that showed a hybrid allozyme 
pattern, Samples 7 and 8 were taken from contralateral ovaries 
of the same animal (slot 7, Fig la) and are homozygous for 
alternative allozymes. In some teratomas, the hybrid AB allozyme 
and the other homozygous allelic product were detected, but 
in these cases the amount of the AB form greatly exceeded the 
minor homozygous form, indicating that the tumour was probably 
contaminated with normal ovarian tissue. 


Preliminary chromosomal analysis of LT teratoma has 
indicated that most of the cells are diploid and a small 
number are polyploid (L.C.S. and D.S. Varnum, unpub- 
lished). Also, the parthenotes recovered from the oviduct 
of superovulated LT/Sv mice are also diploid, although at 
least one polar body was usually found (P. C. Hoppe, 
personal communication). Therefore, diploidisation of the 
egg karyotype must have occurred after the first division. 
The mechanism of this diploidisation is unknown but it is 
possible, in principle, that karyokinesis of the second 
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Fig. 2 Diagramatic representation of alternatives for the distribution of alleles at the Gpi-/ locus (A and B refer to the Gpi-1° and Gpi-1 b 
alleles, respectively). The GPI enzyme consists of two subunits which associate randomly. Consequently, homozygous Gpi-1* or Gpi-1” cells 
contain enzyme with two A or B subunits, respectively. Heterozygous Gpi-/¢” cells contain three forms of the enzyme: one with two A sub- 
units, one with an A and a B subunit, and one with two B subunits in a 1 : 2: | ratio. If teratomas originate from oocytes which cleave 
mitotically without previous meiotic division (alternative I), then all teratomas would show the heterozygous banding pattern for GPI. If, 
however, the first meiotic division occurs before parthenogenetic cleavage, then (as the data presented here indicates) most teratomas would 
be homozygous for either the GPI-LA or GPI-1B allozymes (alternative II). In a minority of cases, heterozygous teratomas would be found 
resulting from a chromatid exchange between the Gpi-/ locus and the centromere (IIA). 


meiotic division occurs without cytokinesis, thus suppressing 
the formation of polar body II; or that there is a fusion of 
the second polar body with the ovum. Our preliminary 
results do not allow us to distinguish between these possible 
alternatives. 

This research was supported by NSF (grant PCM 76- 
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Extreme sensitivity of some intestinal 
crypt cells to X and Y irradiation 


THE destructive effects of radiation have been studied for 80 yr. 
Most techniques involve looking at the surviving cells, which tend 
to be the more resistant cells of the tissue. On the assumption that 
the results are representative of all cells in the tissue, many 
conclusions have been drawn. On the other hand, Cheng and 
Leblond have used tritiated thymidine (7HTdR) to kill cells 
synthesising DNA in the crypts of the small intestine'. Two 
surprising features of their experiments have provoked little 
comment. First, very low doses (40-50 uCi per mouse) of 7HTdR 


caused measurable cell killing and second, the killing (evident from 
the presence of labelled apoptotic-like? phagosomes’) was not 
random throughout the crypt but occurred selectively at the crypt 
base where relatively few cells are in S (refs 3 and 4) and where the 
stem cells are presumably located'*~*, 1 report here that the 
presence of hypersensitive cells at the base of the crypts can be 
demonstrated after whole-body X or y irradiation, and to describe 
the time sequence for the production and loss of these killed cells 
together with their dose-response relationship. 

Figure | compares the changes in the number of apoptotic cells 
in sections of the whole crypt and in sections of the lower third of 
the crypt after whole-body irradiation. Peak values are obtained 
within 3—6h, with 2-3 of the total apoptotic bodies occurring in the 
lower third. Because the upper third contains few apoptotic bodies 
after 3 or 6h this represents a twofold difference in the yield in 
the base and mid-crypt region. The difference in sensitivity may 
be much greater for certain cell positions because the base region 
contains the mature Paneth cells which do not contribute exten- 
sively to the apoptotic yield. The control level of apoptoses 
fluctuates slightly with the time of day but is not affected by 
handling of the animals (saline injections) or sham irradiation 
(Fig. 1). 

Apoptotic bodies in the crypt base can be ingested and gradually 
absorbed by neighbouring Paneth cells, stem cells or amplifying 
committed cells'-3~*. In the last case they will be carried rapidly 
into the mid-crypt region and then out of the crypt on to the villus. 
For higher doses the apoptotic yield may remain at elevated levels 
for longer times because cell cycle progression, crypt transit and 
cell movement may be retarded when many ceils are killed; 
furthermore, other more radiation-resistant cells may take longer 
to appear apoptotic. In the case of ingestion by Paneth or stem 
cells, the apoptotic bodies will remain in the basal region for a 
longer time, either until absorbed to a residual body no longer 
detectable in the light microscope (Paneth cells) or until passed by 
stem cell division into the cytoplasm of a new committed cell 
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(because stem cells cycle more slowly than the committed 
cells'?"). For these reasons sampling was restricted to either 3 or 
6hafter irradiation and in many cases the average of both 3and6-h 
samples was used. 

Figure 2 shows the dose dependence for the yield of apoptotic 
cells in the lower third of the crypt 3h after irradiation. There was a 
fivefold increase in yield after 1-2 rad and a tenfold increase after 5 
rad. Beyond 20 rad the yield increased more slowly. Because the 
points are somewhat scattered it is not clear whether the yield was 
constant beyond 20.rad or continued to increase gradually. The 
highest values were abtained after a dose of 900 rad and represent 
a 30-40-fold increase. Beyond 900 rad. crypt survival seems to be 
related exponentially to dose®~!°, with a D, value of 100-200 
rad*~!°. Thus a few cells (perhaps one to three) survived with an 
intact reproductive potential after 900 rad, that is 98-99° of the 
250 crypt cells were sterilised. But only a very small fraction of 
these sterilised cells appeared apoptotic. 

Figure 3 shows the same data in greater detail with the crypt base 
and total crypt apoptotic yields using theaverage of both the 3 and 
6-h samples. The points show less scatter and illustrate that 
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Fig. 1 Apoptotic yield in unirradiated mice (a) and after 63 rad 
whole-body !3"Cs y irradiation (520 rad min~'Xb). Each point shows 
the mean and standard error of at least four individual mouse values. 
Scoring was done at x 500 magnification on haematoxylin and eosin 
5-7-um paraffin sections. Forty crypt sections were scored from each 
mouse. Crypts were scored only if they were well sectioned longitu- 
dinally with the Paneth region, a clear lumen and at least 17 cells up 
one side of the crypt (the mean number of cells up one side was about 
22). The crypts were then divided into three regions. each of 
approximately 1/3 the total number of cells. It is assumed that the 
number of apoptotic cells was directly proportional to the number of 
cells killed over the range of radiation doses studied. Because 
apoptotic cells tend to be centripetally positioned and disperse 
slightly a good longitudinal crypt section yields about 60%, of the 
apoptoses per crypt (as revealed by comparing sections and whole 
squashed crypts). Thus the total number of hypersensitive cells per 
crypt would have been about 4.5 (based on the value at 40 rad). 
Groups of untreated animals were killed at various times of the day 
(x. total: ©, base), at various times after an intraperitoneal injection 
of physiological saline (0.2m) (cross in square, total: circle in square, 
base), and 3and 6h after sham irradiation ($. total: @. base). Innone 
of these cases did the total apoptotic yield exceed 0.25 per crypt 
section (overall mean 0.17 total and 0.08 crypt base). There was thus 
an approximately 20-fold increase in total apoptoses within 3h of 
irradiation. The proportion of apoptotic cells is even larger when the 
crypt base is considered. 
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Fig. 2 Dose-response for apoptotic cells in the lower third of the 
crypt 3h after irradiation. Apoptotic yield is plotted on a logarithmic. 
scale against dose on a linear scale. Each point shows the mean, with 
its standard error, of at least four mice, ©, Values for 57°C yrays(520 
rad min“); x, 290 or 300 kVp X rays (30 rad min-!). The errors on 
the doses were estimated to be about +5° for all doses except the. 
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lowest y-ray doses where it was not more than +20% 
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radiation hypersensitivity was confined largely to cells in the base 
of the crypt. These results clearly illustrate the presence of some 
extremely sensitive cells in the lowest region of the crypt—in the 
region immediately above the Paneth cells and below most of the 
rapidly proliferating cells, that is,within the presumptive stem cell 
region'*~”. The number of hypersensitive cells per control crypt 
section is uncertain. If it is assumed that most of the hypersensitive 
cells are killed by 40 rad, which is just on the resistant portion of the 
dose-response curve shown in Fig. 3, the number of apoptoses 
observed after 40 rad would be close to:the total number of 
hypersensitive cells present in a crypt section. The data (from F ig. 
3) can thus be expressed as survivors rather than killed cells and a 
survival curse can be generated (Fig. 4). The resulting points are 
scattered about a line with a 50% effective dose of 8 radanda D,of 
about 10 rad. This places these crypt cells among the most sensitive 
mammalian cells. Figure 4 shows that the most sensitive type of 
oocytes (stage 1) have a similar sensitivity'? while the most 
sensitive spermatogonia (preleptotene)'? and the sensitive cortical 
thymic lymphocytes’* are more resistant than the crypt cells. An 
extreme sensitivity can also be seen in some early mouse embryo 
cells after doses in range 5-25 R (refs 15-17). This survival curve is 
speculative and the actual slope (D,) depends somewhat on the 
value used for the number of hypersensitive cells per crypt, but 
whatever way the data are expressed, within the stem cell region at 
the crypt base there are clearly a few extremely radiosensitive cells. 
Preliminary observations indicate the presence of similar hyper- 
sensitive cells in the growing hair follicle matrix and colonic 
crypts. 

The precise function of the radiosensitive cells in the crypt is 
uncertain. They do not represent any known histologically 
distinctive cell type (at the level of either light or electron 
microscopy). Their presence suggests as least two radiobiologi- 


cally distinct crypt cell populations. If they are stem cells they must = 


represent a subpopulation of the total complement of potential 
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stem cells (about 80 per crypt®) because the crypts are not 
destroyed when these hypersensitive cells are killed. The number of 
functional stem cells per crypt is uncertain but is probably about 
20, that is about six times the number of hypersensitive cells. The 
subpopulation of hypersensitive cells might be at some extremely 
sensitive stage of the cell cycle peculiar to stem cells. The normal 
sensitivity changes through the cell cycle are relatively small and 
the sensitive phases (Gz and M)'® do not exhibit sensitivities such 
as those shown here. It is not clear whether these apoptotic bodies 
are formed from interphase cells or from abortive divisions. In the 
latter case their appearance within 3h could suggest a hyper- 
sensitive point somewhere in G2. 

One rad of radiation of this quality produces sufficient ionising 
tracks for at least one track to cross some part of about 50%, of the 
cell nuclei (assuming an average diameter of about 4um). The 
average track length per rad per cell nucleus is about 24m. The 
average energy deposition per nucleus is 2KeV rad” +. The data in 
Fig. 3 suggest that after | rad one sensitive cell in ten will have at 
least one track traversing its critical volume which might be about 
1.4m in diameter (that is about 1/20 of the nuclear volume) and 
that one track crossing this volume is sufficient to kill that cell. 

The mechanism by which these sensitive cells are killed is 
unknown, but DNA damage can be detected at similar doses (up to 
Srad)'”, It has been suggested that stem cells would benefit from a 
mechanism by which newly synthesised DNA strands (containing 
replication errors) were selectively distributed to the committed 
cells and thus eliminated, ensuring the genetic stability of the stem 
cell DNA2°. In these conditions damage to the stem cell template 
DNA might be intolerable and the cells might die. The extreme 
sensitivity seen here would suggest that any DNA damage would 
result in death; furthermore that other cells differing in the way 
they normally handle their DNA may assume the role of re- 
generative stem cells which would be a potentially hazardous 
process because possibly imperfect DNA would be ‘immortal- 
ised This assumes that the vital stem cells lack any means of 
repairing genetic errors. An alternative explanation implies the 


Fig.3 Dose-response for apoptotic cells in the lower third (base. x 
and ©) and the total crypt (@). The individual data points are the 
mean of 3 and 6-h post-irradiation groups for X rays (x ) and 7 rays 
(©). The insert shows the first nine data points for the base (0-12 rad). 
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Fig.4 Survival curve for apoptotic sensitive crypt cells (x. X rays, 
©.7 rays). Surviving fraction is plotted on a logarithmic scale against 
radiation dose on a linear scale. The points were obtained by 
assuming that there was an average of 2.7 apoptotic sensitive cells per 
erypt section (value reached at 40 rad. see Fig. 3). Data points for 
stage | oocytes!? (@). preleptotene spermatogonia!’ (A), type B 
spermatogonia (@)*' and cortical thymic lymphocytes!* (C) have 
also been plotted. The line has been fitted by eye and has a D, of 
approximately 10 rad. 





reverse, that the stem cells possess an extremely efficient means of 
restoring the DNA integrity; the stem cells may possess a 
mechanism for detecting template errors and (1) transferring G: 
induced errors by means of sister chromatid exchanges and mitosis 
to the committed daughter which subsequently dies, or (2) 
eliminating G2-induced errors by elevating the newer strands to 
stem cell template status and discarding the damaged DNA toa 
cell that subsequently dies. Any of these possibilities could explain 
the apparent indifference of the crypt as a whole to this type of 
death. 

The significance of this phenomenon in public health (maximum 
permissible doses)—doses within the range studied here are 
delivered in several diagnostic radiological procedures--and 
radiotherapy, depends on the function of the hypersensitive cells 
and the mechanism by which they are killed. 

This work was supported by grants from the MRC and the 
Cancer Research Campaign. I thank Jeffrey Searle for suggesting 
apoptosis: John Cairns and Don Major for helpful discussions; 
Irene Wylie for technical assistance and Caroline West for 
microscopy. 
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Cellular serine proteinase induces 
chemotaxis by complement activation 


INFILTRATION of inflamed or injured tissues by polymorpho- 
nuclear leukocytes is a fundamental pathophysiological response. 
Undoubtedly, there are numerous mechanisms by which leuko- 
cytes are attracted to an area of damage. One possibility is that 
cellular injury could release or activate a proteolytic enzyme 
which could generate chemotactic factors. Extracts of parenchy- 
matous tissues! and cells? are chemotactic when they are incu- 
bated with complement sufficient serum. Macrophages? and 
leukocytes‘ contain a proteinase which generates chemotactic 
peptides, and recently human polymorphonuclear leukocytes 
have been shown to secrete an enzyme which activates comple- 
ment’. Lazarus and Barrett extracted and characterised a serine 
proteinase which induced polymorphonuclear leukocyte infiltra- 
tion of the skin when injected intradermally’. Subsequently, this 
proteinase, which is both cytotoxic and phlogistic, has been 
purified to homogeneity from whole human skin’, human epi- 
dermis*, human lymphocytes’ and cultures of newborn mouse 
epithelium (G.S.L., unpublished). This report demonstrates 
that this proteinase is significantly more active than trypsin, 
plasmin or Pronase in generating polymorphonuclear leukocyte 
accumulation and that chemotactic activity is largely dependent 
on complement activation. 

The procedure for purification of the enzyme has been des- 
cribed previously’; this was used with several modifications. 
Frozen human skin, obtained from amputated limbs, was 
minced and added to 10 volumes 50 mM phosphate buffer, 
PH 7.4, containing 1.0 M potassium chloride. The mixture was 
frozen and thawed five times and further extracted by agitation 
at 4 °C for 18 h. After centrifugation at 50,000g, the supernatant 
was subjected to 85% saturation with ammonium sulphate and 
the proteinase was extracted from the precipitate with a mini- 
mum volume of extraction buffer. The extract was concentrated 
and placed on a Sephadex G-75 superfine column and the eluted 
fractions containing the smallest molecular weight proteinase 
(molecular weight approximately 28,000) were combined and 
further purified by chromatography on a soybean trypsin 
inhibitor-Sepharose affinity column. 

This purification method yielded a single protein band on 
polyacrylamide gel electrophoresis and SDS-polyacrylamide gel 
electrophoresis, Injection of the 250-fold purified enzyme into 
rabbits produced an antibody which gives a single line of identity 
in Ouchterlony double-diffusion plates against purified enzyme 
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and crude starting material. The enzyme was inhibited by diiso- 
propyl fluorophosphate (DFP), soybean trypsin inhibitor, (P 
macroglobulin and a,-antitrypsin. Further characterisation has 
demonstrated that it was not elastase, cathepsin G or plasmino- 
gen activator. 

Polymorphonuclear leukocyte chemotaxis was assayed by the 
method of Snyderman et al.. Sample (2 ml) was injected into 
the peritoneal cavity of a group of normal or C5-deficient male 
mice (Jackson Laboratories, Bar Barbor, Maine). After 12h, 
the animals were killed by inhalation of carbon dioxide, and the 
peritoneal cavity was vigorously washed with 9 ml Dulbecco’s 
Modified Eagle’s Media with 10% foetal calf serum (GIBCO), 
containing 90 IU herapin (Upjohn). The peritoneal. wash was 
counted for total number of white cells and for percentage 
polymorphonuclear leukocytes (PMN) by standard techniques. 
Results were expressed as absolute number of PMN. All assays 
were carried out in triplicate on three occasions, and the 
materials tested included saline controls, proteose peptone, a 
complement-independent chemotactic agent (9%, DIFCO 
Laboratories), and proteinase with and without inhibitors. 
Proteolytic activity of all materials was assayed by measuring 
production of trichloroacetic acid-soluble peptides from tritium- 
labelled casein’. 

Polymorphonuclear leukocyte accumulation was directly pro- 
portional to enzyme concentration in the range 1-50 ug enzyme 
protein. Table 1 compares the ability of the purified human 
proteinase to elicit polymorphonuclear leukocyte accumulation 
with other common proteolytic enzymes operative at neutral pH. 
Our enzyme (20 ug) induced a brisk accumulation of polymor- 
phonuclear leukocytes. Pre-incubation of enzyme with diiso- 
propyl fluorophosphate (1 mM final concentration, 1 h, 25 °C) 
followed by exhaustive dialysis against physiological saline, 
almost completely inhibited polymorphonuclear leukocyte 
accumulation. These data suggest that enzymatic activity is 
necessary for polymorphonuclear leukocyte accumulation. By 
contrast, injection of 200 ug plasmin, Pronase or trypsin attrac- 
ted one-third the number of polymorphonuclear leukocytes into 
the peritoneum. This was not simply a function of increased 
proteolysis by our enzyme; expression of polymorphonuclear 
accumulation per amount of casein-degrading activity, revealed 
that our purified skin proteinase was 3-5 logs more effective in 
attracting polymorphonuclear leukocytes on a proteolytic 
activity basis than the other proteinases tested. 

We next attempted to elucidate the mechanism by which our 
purified human proteinase induced such a significant polymor- 
phonuclear leukocyte accumulation, Equal amounts of the puri- 
fied proteinase were injected into normal and C5-deficient mice 
(Fig. 1). The enzyme evoked the expected dramatic response in 
normal mice, which was almost completely inhibited by DFP. 
By contrast, the enzyme was a quarter as effective in evoking 
polymorphonuclear leukocyte infiltration in C5-deficient mice. 
Furthermore, the minimal chemotactic response in C5-deficient 
mice could be reduced to control levels by pre-incubation of the 
enzyme with DFP. These data show that the enzyme evokes its 
chemotactic response principally through the complement cas- 
cade and probably requires the production of C5 fragmentation 
for maximal activity. The data also suggest that the proteinase 
is capable of inducing limited chemotaxis by a C5-independent 
mechanism. 


nner eens 
Table 1 Relative chemotactic activity of proteolytic enzymes 








Proteolytic activity 





Chemotactic index 


ug Injected (c.p.m. TCA-soluble protein) PMN per mouse x 1074 PMN/c.p.m. proteolytic activity 
Human skin proteinase 20 1.2 x 10° 370 3,060 
Plasmin 200 3.5 x 10% 90 2.6 
Pronase 200 2.8 x 10" 126 0.05 
Trypsin 200 6.2 x 10" 128 0.02 


Proteinases were assayed for proteolytic activity before injection and polymorphonuclear leukocyte (PMN) accumulation was measured 12 h 
after injection. Chemotactic index expresses PMN accumulation per unit of proteolytic activity. 
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Fig. 1 Purified human proteins (20 ug) and a comparable 

amount of enzyme inhibited with DFP, were injected into 

normal (a) and C5-deficient mice (b). Polymorphonuclear 

(PMN) leukocyte accumulation was determined 12h after 
injection. 


Our data suggest that cells contain a proteinase operative at 
neutral pH which is extraordinarily effective in activating com- 
plement and inducing polymorphonuclear leukocyte accumula- 
tion. The presence of this enzyme in whole skin’, human epider- 
mis®, human lymphocytes® and mouse epithelial cells in culture 
(G.S.L., unpublished), could suggest that cellular injury might 
activate this proteinase, which through the mediation of comple- 
ment induces polymorphonuclear leukocyte accumulation. Such 
a mechanism might explain how cellular injury induces poly- 
morphonuclear leukocyte accumulation. 

This investigation was supported by the National Institute of 
Arthritis, Metabolic and Digestive Diseases (grant 7 ROI 
AM17370-03 and 5T32 AM07093-02) and the National 
Institute of Dental Research (grant 2 NID E03738-04). 
We thank Dr Irma Gigli, New York University Medical 
Center, for assistance and discussions. Dr Patrick McKee, 
Duke University Medical Center, kindly provided us 
with pure human plasmin. R.S. is an Investigator of 
the Howard Hughes Medical Institute. G.S.L. is a Senior 
Investigator of the Arthritis Foundation. 
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The ECF-A tetrapeptides and 
histamine selectively enhance 
human eosinophil complement receptors 


VARIOUS products of the anaphylactic reaction such as the ECF-A 
tetrapeptides! (Val-Gly-Ser-Glu and Ala-Gly-Ser-Glu)? and his- 
tamine? + preferentially attract the human eosinophil in chemotaxis 
in vitro. We have designed experiments to show whether these 
chemical mediators have a direct effect on the eosinophil cell 
membrane, as assessed by their capacity to alter receptors for 
either IgG or complement (C). We have established here that these 
two ECF-A peptides and histamine both enhance markedly the 
expression of eosinophil receptors for C3 but not for IgG. 
Neutrophil and monocyte receptors seemed to be unaltered and a 
number of other chemical mediators of hypersensitivity had no 
effect on these membrane markers when tested at comparable 
concentrations. Our demonstration of eosinophil membrane 
receptor enhancement by chemotactic factors may have more 
general biological significance in terms of how surface recognition 
mechanisms by phagocytic cells are regulated. 

Receptors were measured by the ‘rosette technique’ using sheep 
red blood cells (RBC) sensitised with either IgG or C3b (Fig. 1). 
Human eosinophils, neutrophils* and monocytes® were prepared 
from venous blood from patients with eosinophilia of various 
aetiology and adjusted to a concentration of 4x 10° ml~! 
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Fig. 1 The effect of increasing concentrations of the valyl-(@) and 


alanyl-(C) ECF-A peptides and histamine (A) on a, EAC3b and >, 
EAG rosettes by human eosinophils and neutrophils. The lines 
represent the percentage rosettes of untreated eosinophils and 
neutrophils. Each point represents the mean of five experiments 
+ Is.d. Dextrose~gelatin-veronal buffer (DGVB? * PH 7.4) was used 
for washing sheep RBC during sensitisation and coating with various 
complement components. This was prepared by mixing equal 
volumes of isotonic veronal-buffered saline (containing 0.0015 M 
Ca?*. 0.0005 M Mg?’ and 0.1%, gelatin-veronal buffer (GVB** ? 
with 5° „dextrose in water containing the same concentration of Ca? 
and Mg?" (ref. 10). The IgG and [gM fractions of rabbit antisera to 
sheep red cells were prepared by Sephadex G-200 gel filtration. Shee 
cells were sensitised with either the IgG fraction for preparing EA<*" 
(EAG) or IgM (EAu'®) for EAC] 1423b rosettes. Functionally pure 
human complement components were added sequentially to EAy’? 
to prepare C3b-coated cells as described'!. The amounts were as 
follows: 400 effective molecules of C1, 400 of C4, 50 of C2 and 2.500 of 
C3. This amount of C4 was insufficient to give EAC 14 rosettes with 
neutrophils, eosinophils or monocytes! '. The valyl- ((HCD-Val-Gly- 
Ser-Giu. molecular weight 427) and alanylpeptides (HC). Ala-Gly- 
Ser-Glu, molecular weight 497) were a gift from Dr R. Camble (ICI 
Limited. Pharmaceuticals Division, Alderley Park, Macclesfield): 
histamine acid phosphate (BDH Chemicals Limited. Poole) 
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medium 199 (pH 7.4), Equal volumes of leukocyte suspensions 
and various concentrations of the pharmacological agents under 
study. or control medium alone. were mixed and incubated in a 
shaking water-bath at 37 C for varying intervals. The cells were 
then washed twice in medium 199 and the numbers adjusted to 
2x 10° ml! in the same medium. An aliquot (0.1 ml) of IgG- 
(EAG) or complement-coated (EAC3b) red cells containing 
Ix 10% ml} was then added to 0.1 ml of the cell suspension, The 
mixtures were centrifuged at 100g for 10 minat4 Cand the pellets 
‘incubated atO C (for EAG rosettes)or37 C (for EAC 3b rosettes) 
for 30 min as described. The pellets were gently resuspended and 
smears were prepared in duplicate. The slides were dried in air, 
fixed in methanol and stained. Cells with three or more adherent 
erythrocytes were counted as rosettes. Two hundred cells were 
counted on each slide and the number of rosettes expressed as a 
percentage of the total number counted. 

With no treatment the percentages of neutrophil, IgG or 
complement receptors were usually more than twice that of the 
eosinophil (Fig. 1). With increasing concentrations of the valyl- or 
alanyl-peptide. or histamine there was a dose-dependent enhance- 
ment of the numbers of eosinophils, but not of neutrophils. which 
formed rosettes with EAC3b. There was no increase in the 
numbers of eosinophils or neutrophils forming rosettes with EAG. 
When other pharmacological mediators. which included brady- 
kinin and the prostaglandins PGE,. E> and F2,. were incubated at 
comparable concentrations (J0°*-10°° moll~!) to that of the 
ECF-A peptides or histamine. there was no appreciable increase in 
the numbers of eosinophil- or neutrophil-EAC3b rosettes (Table 
1). An increase of 25°, was observed with 5-hydroxytryptamine, 
but only at the highest concentration (107+ mol 1~'). The en 
hancement with the ECF-A peptides or histamine. with this dose 
was almost three times this value. thus achieving virtually the same 
percentage of rosetting eosinophils as neutrophils (Figs | and 2). 
The monocyte was also tested with the valyl- and alanyl-peptide 
and histamine but, unlike the eosinophil, there was no apparent 
alteration in the numbers of rosetting cells (Table 1). The 
enhancement of EAC3b eosinophil rosettes by the ECF-A pep- 
tides or histamine also increased with incubation time (Fig. 2). 
With the peptides. however, most of the increase in rosette 
formation was apparent at 40 min. In contrast. most of the 
histamine-induced rosette enhancement took place between 40 
and 80 min. 

These experiments suggest that the ECF-A peptides and 
histamine not only attract eosinophils selectively in chemotaxis 
but also have a direct effect on the eosinophil membrane as shown 
by the apparent increase in the numbers of complement receptors, 
It is not known whether this enhancement is caused by the 
generation of new receptors or whether receptors, previously 
“hidden”, are revealed as a result of membrane changes. The 
inability of these pharmacological agents to increase neutrophil 
and monocyte complement receptors emphasises further the 
unique, intimate relationship between the human eosinophil and 
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Fig.2 The effect of time on enhancement of EAC3b rosettes by ~ 

eosinophils and neutrophils following incubation with the valyl-(@) 

and alanyl-(O) ECF-A peptides and histamine (A). Each mediator: 

was tested at a concentration of 10°* mol 17 '. The lines represent the 

percentage rosettes of untreated eosinophils and neutrophils: Each 
point represents the mean of five experiments +1 s.d. 


these anaphylaxis-associated agents. We also explored the possi- 
bility that neutrophil and monocyte complement receptor en- 
hancement may be revealed when the amount of C3 on the 
indicator cell was limited. In experiments in which the quantity of 
C3 used was adjusted to give approximately half the number of 
rosetting cells (that is. 1,000 effective molecules) however. there 
was no apparent increase in rosette formation following ins 
cubation with these agents. Similar negative results were fourid 
with neutrophils and monocytes when the amounts of IgG were 
decreased to give lower numbers of EAG rosettes. The reason why 
complement, and not IgG, receptors were altered by the ECF-A 
peptides and histamine is unknown. It was previously shown that 
IgG and C3b receptors act together to aid macrophage phago- 
cytosis’. A similar mechanism may exist for eosinophils; optimal 
receptor ratio being determined by the presence of pharmacologi- 
cal mediators such as ECF-A and_-histamine. 

The role of the eosinophil in immediate-type hypersensitivity is 
thought to be that of a homoeostaticcell affecting mediator release. 








Table i Percentage increase in the numbers of rosetting eosinophils. neutrophils and monocytes with EAC3b cells following incubation with increasing 
concentrations of various chemical mediators of hypersensitivity 
107° (mol 17) 105 «mol }> 4) 10-4 (mol 17) 
Neutro- Neutro- Neutro- 
Eosinophils phils Monocytes — Eosinophils phils Monocytes Eosinophils phils Monocytes 

Valyl- 

peptide 43.3 3.6 (6.8) 55.6 0.5 (0.3) 77.8 8.1 (4.5) 
Alanyl- 

peptide 37.0 1.0 5.3 60.6 8.1 (1.8) 87.8 (3.1) (7.0) 
Histamine 254 Ch) (3.3) 48.8 7.8 (3.3) &3.4 1.3 3.0 
Bradykinin 0.5 7.8 0.5 (4.9) 3.0 2.3 co 
PGE, 5.6 4.2 (2.0) (8.5) 14.7 1.3 
PGE: (0.9) (3.9) 6.5 2:9 6.8 (7.7) -= 

“PGF, 3.6 3.1) 13.3 1.3 (3.3) 2.1 E 

S-HT 3.0 (5.2) 17.8 (3.4) 25.0 67 





The figures represent the mean of five experiments, with the exception of bradykinin (three experiments). Decreases in rosette formation are shown in 
parentheses. Prostaglandins E,. E> and F2, were supplied by Dr John Pike. Upjohn Company. Kalamazoo. USA: bradykinin triacetate and 5- 


hydroxytryptamine were obtained from Sigma. Kingston-upon-Thames. UK. 
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mediator inactivation and mediator replenishment by mast cells“. 
Their function in helminth disease may be that of a cytotoxic cell 
requiring the participation of IgG, in an analogous fashion to 
lymphocyte-antibody-dependent cell-mediated cytotoxicity’. Al- 
though complement does not seem to be required in this system. it 
is nevertheless possible that adherence by way of the C3 receptor 
may amplify the parasiticidal properties of cosinophils. Our 
observations may therefore. be of relevance in helminth disease 
where the IgE-mediated release of chemical mediators is well 
recognised. In any event. our finding of a new biological activity for 
both the ECF-A peptides and histamine may provide further 
insight into both the essential biochemical differences between 
human eosinophils and other blood leukocytes, and the way in 
which chemical mediators modulate recognition mechanisms by 
cell membranes. 
A.R.E.A. isa British Council Fellow. 


A. R. E. ANWAR 
A. B. KAY 


Department of Pathology. 
University Medical School, 
University of Edinburgh. 
Teviot Place. 

Edinburgh, UK 


Received I8 June: accepted 9 August (977. 


L Ray. A. B & Austen, K.P. J. detarrd, 107, 899-9021 1971) 

3 Gocizt, E.J. & Austen, K. F. Proc. nam. Acad. Sei. U.S.A. 72, 4123-4127 (19795) 

3 Chirk. R. A. F. Gallin, J. 1. & Kaplan, A, P. J exp. Med. 142, 1462-147611975} 

4, Turnbull, L. W. & Kay, A. B. Pumanology 34, 797-802 (1976). 

5, Day. R, P. pnmunology $8, 995-959 (1970). 

6. Boyam. A, Scand, J. clin. Lab. Invest. 24, Suppl. 97, 77-89 {1968} 

T. Lay. W. H. & Nussenzweig, V, J. exp. Med. 128,991- 1007 (1968) 

8. Kay. A. B. Br. J. Haemat. 33, 313-318 (1976), 

9. Bunerworth, A. E. eral, Nature 286, 727-729 (1975) 

© Nelson. R. A. Jensen. J. Gigh. 4} & Tamura, N. davnterochemintey 3444 1331965) 
2 


te 
IEL Anwar. A, R, E & Kay. A. B J. fennel, Gin the press) 


Fe cay EEREN ETORO EEEE EEE AIEA EAS EEE EREE 





Molecular basis for 
acquired haemoglobin H disease 


HaAEMoGLoBIN H (Hb H; B) disease results from a reduced 
rate of synthesis of the a chains of human adult haemoglobin 
(Hb A; aß). In the absence of sufficient a chains, excess B 
chains form B, tetramers which are unstable, precipitate and 
cause a shortened red cell survival’, Hb H disease is one of the 
a-thalassaemia syndromes, These disorders usually result from 
interactions of three a-thalassaemia (a thal) genes; a thal 1, 
a thal 2 and Hb Constant Spring. In many human populations 
the a-chain loci are duplicated, that is, there are two per haploid 
genome®. The gene a thal 1 results from a deletion of both of 
the pair of haploid a-chain genes**, a thal 2 from a deletion of 
one of the pair’, and Hb Constant Spring from a chain termina- 
tion mutation affecting one of the linked loci which markedly 
reduces the output of a chains and produces a phenotype 
almost identical to a thal 2 (ref. 6). Haemoglobin H disease results 
from the inheritance of a thal 1 together with either a thal 2 or 
Hb Constant Spring. There have been occasional reports of an 
acquired form of Hb H disease occurring in association with 
leukaemia or related myeloproliferative disorders’ ~+. We have 
studied the blood and bone marrow of a patient with acquired 
Hb H disease and we report here that it has a completely 
different molecular basis from the genetic form. 

The patient (WD), an 81-yr-old British male, had a bizarre 
myeloproliferative disease which terminated in acute myelo- 
blastic leukaemia. Full. haematological and biochemical data 
will be presented elsewhere. His blood picture showed two cell 
populations; most of the cells were poorly haemoglobinised but 
about 5°, seemed normal. Chromosomal analysis of the 
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Fig. 1 Hybridisation of human globin cDNA« and cDNAg to 
mRNA from the peripheral blood of WD. cDNAa and cDNAB 
were prepared by the hybridisation of 7 ug of B°/8°B"-thalassaemia 
mRNA to 190 ng of *H-cDNAcgp (prepared as previously 
described'!® by RNA-dependent DNA polymerase purified from 
avian myeloblastosis virus, a gift from Dr Beard, Life Sciences 
Research Laboratories) in 50 ul of hybridisation buffer 
(0.5 M NaCl, 25 mM HEPES, 10 mM EDTA pH 6.8, 50% 
formamide and 500 ug mi~? of Escherichia coli RNA) for 3 h 
at 43°C. The non-hybridised component (CDNAg enriched) 
was separated from the hybridised component (CONAa enriched) 
by hydroxylapatite fractionation at 60°C. The cDNAg probe 
hybridised to mRNAgp to 90% completion and contained 
approximately 10% cDNAg as determined by hybridisation to 
mRNA lacking a-globin sequences, The cDNAg probe hybridised 


D 


to 80% completion and contained 12% cDNAs as determined 
by hybridisation to mRNA lacking B-globin sequences. 9S mRNA 
from the peripheral blood of WD was prepared by phenol- 
chloroform extraction followed by sucrose gradient sedimenta- 
tion. 0.1 ng of cCDNAg (©) or cCDNAB (@) were mixed with 
increasing amounts of mRNA in 2 ul of hybridisation buffer 
in a sealed siliconised glass capillary tube and incubated at 43 °C 
for 100 h. The amount of cDNA hybridised was determined after 
incubation with S, nuclease”. The ratio of mMRNAg to mRNAe 
is equal to the mRNA/cDNA ratio at which 50% of the cCDNAg 
is hybridised divided by the ratio at which 50%, of the cDNAg 
is hybridised. The cDNA concentration is corrected for the 
maximum amount of hybridisable CDNA. 50% of cDNAa was 
hybridised at ratio of approximately 200:1, and 50%, of cDNAg 
at 3:1, giving a MRNAg/MRNAz ratio of 65:1. 


peripheral blood and marrow was normal. Approximately 95% 
of the red cells generated typical Hb H inclusions and haemo- 
globin analysis showed 50-65 ° Hb H. The genetic form of 
Hb H disease was excluded because WD had been shown to 
have a normal blood picture 10 yr previously and examination 
of his children showed no evidence of thalassaemia or defective 
a-chain synthesis. The ratio of a- to B-chain synthesis in the 
peripheral blood was 0.07 as measured by °H-leucine incorpora- 
tion®®, In the genetic form of Hb H disease this ratio ranges 
from 0.3 to 0.62 with a mean of 0.51%. 

mRNA prepared from the peripheral blood was translated 
in the wheat germ cell free protein synthesis system and the 
product analysed by CM-cellulose chromatography”. The 
mRNA directed the synthesis of B chains but no o-chain 
synthesis could be detected. In a similar study using MRNA 
from five patients with the genetic form of Hb H disease the 
a/B-chain production ratio ranged from 0.05 to 0.25 
(mean 0.16)". To determine whether the absence of a-chain 
synthesis was due to the absence of mRNA, or due to an 
abnormal mRNA., MRNA was hybridised to purified comple- 
mentary cDNAS as described previously!® (Fig. 1). At low 
mRNA/cDNA ratios the cDNA, probe hybridised to approxi- 
mately 10°% „which represents the hybridisation of contaminating 
cDNA, sequences. The cDNA, probe continued to hybridise 
at a slow linear rate up to the maximum level of 90% hybridisa- 
tion at very high mRNA/cDNA ratios, indicating that a small 
amount of intact MRNA, sequences were present in the mRNA. 
The mRNA,/mRNA, ratio was calculated to be 65:1 and 
hence the amount of MRNA, relative to MRNAg, was 1.5%. 

To determine whether the virtual absence of mRNA, 
resulted from a transcriptional defect or a deletion of the 
a-globin genes in the malignant cell line, the hybridisation 
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kinetics of CDNA, in cDNA excess with DNA from the 
erythroid bone marrow of WD were compared with those of 
normal DNA!*1*, Figure 2 shows that the cDNA, probe gave a 
similar hybridisation curve with both DNA species indicating 
that a-globin sequences were present in the DNA to the same 
extent as normal DNA. But, the cDNA, probe is less than half 
the length of the a-globin gene and thus a gene deletion beyond 
the region of DNA complementary to the cDNA, probe 
would not be observed. To check that a gene deletion in the 
region of DNA complementary to the cDNA, probe could be 
detected in our experimental conditions, cDNA, was hybridised 
in cDNA excess to DNA prepared from the liver of an infant 
with the Hb Bart's hydrops syndrome? and to a mixture of 
equal amounts of hydrops DNA and normal DNA (Fig. 2). 
The cDNA, hybridised to the mixture to half the extent seen 
with normal DNA and hybridised to the hydrops DNA to a 
lesser extent than the mixed DNA, showing only a very small 
rise above the background value. The plateau value of the 
amount of cDNA hybridised to DNA in cDNA excess was used 
to calculate the number of globin genes hybridising to the 
cDNA”. Table 1 lists the results for the hybridisation curves 
shown in Fig. 2, together with results of other cDNA excess 
hybridisations (not shown) conducted as control experiments. 
These results indicate that there is no major deletion of the 
a-chain genes in the DNA of the abnormal cell line of WD. 
Furthermore, they confirm previous observations** that the 
a-globin gene sequences are largely deleted in the Hb Bart's 
hydrops syndrome, that is, the homozygous state for a thal 1. 
The observed small amount of hybridisation of hydrops DNA 
(0.2 genes) to the cDNA, probe can be accounted for by 
contamination of the cDNA, probe with about 10% cDNAs. 
The deficit of a-chain synthesis in this patient with acquired 
Hb H disease was much more marked than that which is found 
in the genetic form of the disease. Indeed, there was probably no 
a-chain synthesis in the neoplastic red cell line. Thus the pattern 
of haemoglobin synthesis was very similar to that observed in 
the Hb Bart’s hydrops syndrome?! except that in this case 
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Fig. 2 Hybridisation of human globin cDNAa« in cDNA excess to 
DNA from the bone marrow of WD, DNA from normal human 
spleen and DNA from Hb Barts hydrops foetalis liver. DNA was 
prepared from cell nuclei by hydroxylapatite chromatography”! and 
sonicated to 200-300 nucleotides in length. CDNAg 20 pg was mixed 
with 100 ug of DNA in 20 ul of 0.12 M sodium phosphate, pH 6.8 
and sealed in a siliconised glass capillary tube. The mixtures were 
denatured for 10 min at 100 °C and annealed at 66 °C. At the appro- 
priate times, the amount of cDNA hybridised was determined after 
incubation with S, nuclease!’. The percentage of cDNA hybridised 
was converted to pg of cDNA hybridised using the formula des- 
ċribed by Bishop and Freeman?®. The cDNA concentration is corrected 
for the maximum amount of hybridisable cDNA. The figure shows 
the hybridisation of cDNAa in cDNA excess to DNA from the bone 
marrow of WD (@), normal DNA (©), hydrops DNA (A) and a 
mixture ($W) of equal amounts of normal DNA and hydrops DNA. 
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Table 1 No. of globin genes per haploid genome as determined by 
cDNA excess hybridisations 





cDNA Gene 
cDNA DNA ariei complexity Gene no. 
pg) 
cDNAa WD, blood 5.0 90,000 1.5 
cDNAa WD, bone marrow 5.6 101,000 1.6 
cDNAa Normal 5.4 97,000 1.6 
cDNAa  Normal/hydrops 2.4 43,000 0.8 
cDNAa  Hydrops 0.5 9,000 0.2 
cDNAg WD, Blood 7.2 130,000 1.9 
cDNAgp WD, Bone marrow 7.6 137,000 20 
cDNAg Normal 8.1 146,000 21 





cDNA excess hybridisations were performed as described in Fig. 2 
legend. The gene complexity is calculated from the plateau value pg 
of cDNA hybridised per 100 ug DNA using the formula described by 
Bishop and Freeman”. The gene number is equal to the gene còm- 
plexity divided by the cDNA complexity (60,000 for cDNAa, 70,000 
for cDNAB.) 


B-chains were being produced instead of y chains. Furthermore, 
unlike the Hb Bart’s hydrops syndrome, the a-globin genes 
were intact in the neoplastic cell line in which o-chain synthesis 
was abolished. These findings suggest that there must have been 
a defect in a-chain gene transcription affecting both sets of haploid 
a-chain genes. One possible explanation is that there are 
specific repressors of the a-chain loci which are normally 
active only in embryonic life before a-chain synthesis com- 
mences, and that these repressors had been activated in the 
leukaemic cell line. This seems to be the most likely type of 
mechanism which could produce a cis-trans effect as.evidenced 
by the suppression of both pairs of a-chain genes. There are 
examples of reversion to foetal erythropoiesis in leukaemia? 
although regression to an earlier stage has not been reported. 
The lack of synthesis of embryonic ¢ and € chains in the 
abnormal cell line is incompatible with there having been a 
complete reversion to embryonic haemoglobin synthesis; the 
genetic mechanism which inhibited a-gene transcription was 
highly specific for the a-chain loci. 

We thank Drs A, Pollock and M. J. Lewis, General Hospital, 
Birmingham, for allowing us to study this patient, and Professor 
Paul Polani and Dr M. G. Daker of Guy’s Hospital for chromo- 
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Polymerisation of 
haemoglobin SA hybrid tetramers 


ERYTHROCYTE sickling and gelation of concentrated solutions 
of deoxyhaemoglobin (Hb) S (a.B.° Y“) results from helical 
polymerisation of the tetramers, with a spatial orientation 
approximated by recent ultrastructural and optical studies. 
Earlier observations of the gelling behaviour of Hb S or Hb C 
Harlem (a.B.°%*!) 7358) mixed with Hb A or other haemo- 
globins gave indirect evidence concerning intertetrameric 
contact sites, and we proposed that only one B6 valine-deter- 
mined site was active per tetramer, the other B chain providing 
different polymer contacts”. Our arguments required that 
asymmetrical hybrids (for example a.B*B*) occurred in Hb 
mixtures; their long-suspected presence has recently been 
established? 5, but the dissociation equilibria by which these 
hybrids form (Fig. 1) hinders their isolation and direct testing 
of their ability to polymerise. To circumvent this difficulty we 
have prepared Hb SA hybrids cross-linked intratetramerically 
to prevent dissociation, and have found them capable of polymer 
and gel formation quite similar to that of Hb S. 
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Fig. 1 Comparison of hybrid tetramer formation with cross- 

linked haemoglobins. a, Formation and distribution at equilib- 

rium of hybrid and non-hybrid tetramers in a 1: 1 mixture 

of Hb S and Hb A. b, Cross-linked Hb S and Hb SA hybrids as 

prepared in the present experiments; the covalent cross-link 

between the a-chain amino termini prevents dissociation into 
aB dimers, stabilising the SA hybrid. 


Haemoglobin S and mixtures of equimolar amounts of Hb S 
and Hb A were each reacted with the bifunctional cross-linking 
reagent, difluorodinitrophenylsulphone, as described by 
Macleod and Hill“, and the cross-linked tetramers were separated 
from unreacted haemoglobin by chromatography on Sephadex 
G-100 in | M MgCl,. Isoelectric focusing of the cross-linked 
tetramer fraction of reacted Hb S alone showed only one major 
haemoglobin band, whereas the corresponding tetramer fraction 
from the Hb S-Hb A reaction mixture showed three distinct 
bands which were stable in the liganded (CO) state. One of 
these three bands corresponded in position to the cross-linked 
(CL-) Hb S, another to CL-Hb A; midway between those two 
was a more prominent band, not seen with the fractions from 
Hb S or Hb A alone, which represented the hybrid CL-Hb SA 
(a.B°B*). Preparative isoelectric focusing permitted complete 
separation of the bands of interest (Macleod and Hill had 
obtained three subfractions by ion-exchange chromatography 
of the tetramer fraction of their Hb SA reaction mixture, and 
they identified the middle fraction as a true S-A hybrid’. We 
observed (as they. did) incomplete separation of the three 
fractions by their method; we therefore used isoelectric focusing 
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on a preparative scale, which achieved complete separation of 
the three fractions with the corresponding charge differences. 
Migrating anodal to the well defined bands on each gel was a 
diffuse zone of Hb which probably represented a variety of 
other cross-linked reaction products®). Although the corre- 
sponding subfractions were shown by Macleod and Hill to be 
heterogeneous, including tetramers with unidentified cross-links 
between af dimers together with the major product cross-linked 
between the a-chain amino termini, our present experiments 
required only the isolation of a stable non-dissociating a.B4BS 
fraction free from a.B.5. (Some CL-Hb S was obtained from 
the major band of focused gels for which the starting material 
was Hb S alone rather than the Hb S-Hb A mixture. As noted, 
this major band coincided with the cathodal band on gels of 
the S-A mixtures. After the gelling experiments the CL—Hb § 
and CL—Hb SA hybrids were re-examined by isoelectric focusing 
each alone and both mixed together. Although all the steps in 
handling resulted in some charge-heterogeneity in each sample, 
none of the CL-Hb S bands co-focused with the CL-Hb SA 
bands, confirming the absence of contamination of CL-Hb SA 
by any detectable form of a.f.".) The gel bands were sliced 
and the Hb fractions, eluted by the technique of Suzuki et al.’, 
and stored in the CO-form in liquid N,. When sufficient 
material was accumulated, the CL~Hb S and CL~Hb SA were 
converted from the CO-form to the cyanmet form (to permit 
rapid conversion by dithionite into deoxy Hb) and minimum 
gelling concentrations (MGCs) were determined in duplicate, 
as previously described! with the following minor modifications: 
300-ul aliquots of Hb solution were equilibrated with N, in 
Sml Ehrlenmeyer flasks, and the cyanmethaemoglobin was 
converted to the deoxy form by anaerobic addition of sodium 
dithionite (2 mol per mol total haem). Both the CL-Hb S and 
CL-Hb SA gelled, liquified on chilling the flask in an ice bath 
and gelled on subsequent re-warming to room temperature, as 
occurs with native Hb S. The MGC values and other details 
of the experimental conditions are shown in Table 1. Following 
gelation the chilled duplicate samples were combined and 
transferred anaerobically to centrifuge tubes under oil, allowed 
to gel again by equilibration at room temperature and centri- 
fuged at 25 °C for 120 min at 122,000g¢ (in a Beckman L3-50 
centrifuge using an SW65K rotor) to sediment the solid phase. 
The supernatant concentrations, representing polymer solu- 
bility’, were 25.6 g Hb di~ for CL-Hb S and 28.7 g Hb dl~ 
for CL-Hb SA. The supernatants were decanted and portions 
of the packed solid phases were fixed in deoxygenated solutions 
of 3° glutaraldehyde. After osmication and dehydration, the 
pellets were embedded in Epon 812. Examination of ultrathin 
sections by electron microscopy revealed ‘polymer’ rods in the 
solid phases of both CL-Hb S and CL~Hb SA which were 
irregularly distributed in all directions, measured 165-175 Ain 
diameter, and were indistinguishable from those seen by us 
and others in sections of deoxygenated sickle (SS) cells. 

These findings show that the hybrid tetramers o.B*8* are 
capable of gelation and polymerisation which is similar or 
identical to that of Hb S. Conformational changes in the 
cross-linked Hb, as indicated by its abnormal respiratory 
functions (high oxygen affinity and loss of cooperativity in 
oxygen binding)’ must account for the higher MGC value for 
CL~Hb S as compared with native Hb S. The CL-Hb 8 may, 
nevertheless, serve as a control for comparison with the gelling 
behaviour of the CL-Hb SA. Having established that only one 





Table 1 MGC values of cross-linked Hb SA hybrids compared with 
cross-linked and native Hb S$ 


Native Hb S (a.B.5) 


CL-Hb S i 
CL-Hb SA (aB RA 





taa pa Pe 
Owmty 
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Haemoglobin dialysed against 0.15 M potassium phosphate, pH 
7.35, deoxygenated with N, gas at 25 °C, sodium dithionite added; 
final pH of Hb 6.9-7.0; mean MGC values expressed in g Hb dl~. 
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B® chain per tetramer is required for polymerisation, we predict 
that Hb SA hybrids would have a smaller tendency to poly- 
merise than Hb S tetramers. Compared with Hb S, which 
should be capable of fitting into the helical polymer in either 
of two symmetrical orientations (with either Bë chain providing 
the intermolecular binding site determined by the B6 valine 
substitution), the SA hybrids would be expected to exhibit 
some steric hindrance. for entry into the polymer, resulting in 
ky >h in the following equilibria 


ky 
aa = Hb S polymer a) 
p5p Ko 

hy 
aa = Hb SA polymer (2) 
p°p* hy 


There is reason to believe that the non-S B chain (or non- 
‘active’ B? chain) of a tetramer provides other contacts in the 
polymer involving the regions of B73 (E 17) and B121 (GH4), 
but not the N-terminal region’ so that the forces maintaining 
the Hb S and Hb SA polymers, reflected in k, and A, may be 
similar. In this case, the differences we have observed in both 
the MGC and polymer solubility values for CL-Hb S and 
CE-Hb SA reflect the expected differences in k, and A, described 
‘above. 

By mixing haemoglobins in the deoxy state or by covalently 
cross-linking Hb A or Hb F tetramers (by the methods of 
Macleod and Hill) to prevent hybrid formation in Hb mixtures, 
we have previously shown that the well known inhibitory effect 
of Hb F on gelation of Hb S requires formation of a, »B°y hybrid 
tetramers; in contrast, the presence or absence of hybrid 
formation in mixtures of Hb S with Hb A had no net effect 
on the minimum gelling concentration". Similar results and 
conclusions were subsequently described by Goldberg et a/.'* 
who centrifuged the gels as an assay of polymer solubility. The 
differences in MGC and polymer solubility values of CL-Hb S 
and CL~Hb SA observed in. our study are qualitatively con- 


sistent with our proposed explanation for the equivalent gelling 


tendencies of mixtures of Hb S and Hb A in which hybrid 
formation was permitted or prevented”. 

It is not yet clear whether or not Hb tetramers containing no 
B? chains, such as Hb A or Hb F, are capable of entering the 
polymer. Our previous results suggested that these non-S 
tetramers facilitated gelling in a less specific manner’! but the 
available evidence concerning this issue is quite indirect, and 
partially conflicting'®. Our results provide direct evidence that 
Hb SA hybrids can enter the polymer in place of Hb S tetramers, 
but with somewhat less efficiency than Hb S. 
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The mechanism by which actinomycin D 
inhibits protein synthesis in animal cells 
In the course of studies on the. regulation of. protein 


synthesis during the activation of human lymphocytes: by 
phytohaemagglutinin (PHA), it became necessary» to 


determine whether an effect which occurred following - o 


treatment with actinomycin D (AMD) was secondary: to 
the action of the drug on transcription, or resulted from 
a direct effect on translation. Using enucleated lymphocytes, 
we have shown that AMD has no effect on» protein 
synthesis in the absence of the cell nucleus and conclude 
that AMD interferes with protein synthesis by its effect 
on transcription of RNA. 

AMD is a potent inhibitor of RNA synthesis in 
eukaryotic cells' and is widely used by molecular biologists. 
Protein synthesis diminishes in cells treated with AMD. 
(refs 2, 3) and this was originally attributed to decay of 
messenger RNA (mRNA), -but more recent findings have 
made that view untenable. An: additional effect of ‘the 
drug, at the level of initiation of protein synthesis, has 
therefore been proposed, although the mechanism. of. this 
putative action has not been elucidated’. In particular, 
it remains uncertain whether AMD inhibits” protein 
synthesis by preventing the synthesis of some RNA com- 
ponent, other than mRNA, or by a direct action on ‘the 
initiation of translation. Because of this uncertainty, the 
interpretation of much published data is subject to doubt. 

To clarify this question, lymphocytes were enucleated 
by treatment with cytochalasin B followed by centrifugation 
in a density gradient as described by Wigler and Wein- 
stein’. Lymphocyte cytoplasts produced in this way con- 
tinued to incorporate “H-leucine into acid-insoluble 
material for several hours (Fig. 1a). Since this incorporation 
was inhibited by puromycin (Fig. la), the action of which 
requires peptide bond formation’, we conclude that protein 
synthesis was occurring in cytoplasts by the normal 
mechanism. Cycloheximide, which inhibits protein synthesis 
by a different mechanism", was also effective (results not 
shown). Cytoplasts prepared from lymphocytes previously 
stimulated by PHA for 16h showed a ninefold higher rate 
of incorporation of amino acids than those from resting 
cells. reflecting the difference in protein synthetic activity 
commonly seen between resting and growing lymphocytes 
(Fig. 15). 

Addition of AMD to cytoplasts from either resting or 
growing lymphocytes had no ‘effect on protein synthesis 
(Fig. 1b). Treatment of intact lymphocytes, either resting 
or growing, with AMD caused a diminution of protein 
synthesis, with progressive reduction in the incorporation 
of amino acids (Fig. 2a). Treatment of intact cells with 
cytochalasin B, in a manner similar to that used for 
producing cytoplasts, did not itself interfere with protein 
synthesis, nor did it prevent the inhibition of protein 
synthesis by AMD (Fig. 2b). 

Inhibition of protein synthesis by AMD in resting and 
growing lymphocytes thus only occurs in nucleated cells. 
If a direct effect of AMD on translation occurred, it 
should be detectable in cytoplasts as well. Since it was not, 
we conclude that AMD inhibits protein synthesis in 
lymphocytes as a consequence of its well known action 
on nuclear RNA synthesis, and not by any direct action 
on translation. If the only action of AMD were functionally 
to enucleate the cell with respect to RNA synthesis, it 
follows that its effect on protein synthesis should be 
equivalent to mechanical enucleation. This hypothesis was 
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Fig. 1 Incorporation of *H-amino acid into protein by iym- 
phocyte cytoplasts. Human. peripheral blood lymphocytes were 
prepared by combined nylon column adsorption and Ficoll- 
Hypaque density sedimentation, as described previously! 
Lymphocytes were enucleated by the method of Wigler and 
Weinstein®, with the following modifications: lymphocytes 
were incubated for 30 min at 37 C in 12.5% Ficoll, 10 pg mim! 
cytochalasin B (Aldrich Chemicals), and 10% autologous 
plasma in Eagles minimal essential medium (MEM) before 
centrifugation through Ficoll step-gradients; centrifugation 
was at 25,000 r.p.m. for 30 min in the Beckman SW27 rotor 
(instead of SW41 as described) with gradient sizes scaled up 
proportionately, The cleanest, most uniform-sized cytoplasts 
were found at the interface between O and 12.5% Ficoll, as 
judged by phase-contrast and interference microscopy. DNA 
content of this band was undetectable by the Burton pro- 
cedure’. A band of material at the interface between 12.5°% and 
17% contained irregularly sized cytoplasmic fragments, 
apparently intact cytoplasts, other cell debris, nuclei, and 
nucleated cells. Nuclei were found at the 17° -25°%, interface. 


The upper layer of cytoplasts was aspirated. diluted with MEM and sedimented at 1,000g for 15 min. Cytoplasts were resuspended in 
MEM containing 1/20th the usual concentration of amino acids plus 2% autologous plasma, and incubated (37 C) with *H- 
leucine (Schwarz-Mann, 50 Ci mmol“, 10 pCi mi~). At the times indicated, duplicate |.0-ml samples were applied to GF/C filters moistened 
with phosphate-buffered saline (PBS) containing unlabelled leucine and washed first with PBS~leucine under gentle suction, then with cold 
5% trichloroacetic acid-leucine. After drying, radioactivity remaining on the filter was measured by liquid scintillation counting. The RNA 
content of the suspensions was measured by precipitation with cold 2% perchloric acid (PCA) (10 min), washing with cold 2°, PCA, 
digestion in 10°, PCA at room temperature for 17h, removal of insoluble material by centrifugation and measurement of As, using 
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320. Results were expressed as c.p.m. pg”! RNA. No correction was made for radioactivity in leucyl-tRNA, as previous 


experiments showed the contribution from this source to be negligible. a, Effect of puromycin on amino acid incorporation: @, untreated 


cytoplasts from resting lymphocytes; 


protein synthesis by cytoplasts; @. resting-cell cytoplasts, no AMD: 


`, 100 ug ml~! puromycin added 5 min before addition of “H-leucine. b, Effect of actinomycin D on 
3, resting-cell cytoplasts, | mg pl~? AMD added with ®H-leucine. 


W. Cytoplasts from lymphocytes incubated 16h with PHA (5 pg ml ~®, no AMD, C, growing-cell cytoplasts, | pg mi~ AMD added. 


supported by a comparison between data from several 
experiments with cytoplasts and with AMD-treated intact 
cells (Fig. 2c). The two sets of data showed no significant 
difference in the kinetics which characterise the progressive 
fall in protein synthesis. 

It has been reported previously that at least 50% of 
newly-synthesised mRNA (cytoplasmic RNA* poly(A)) in 
resting lymphocytes is very short lived. with a half life of 
the order of 20min, whereas the remainder of newly 
synthesised MRNA is highly stable. with a half life in 
excess of 20h (ref. 11). Using this information, and 
assuming a minimum half life for stable mRNA of 20h, 
it may be calculated that the steady-state level of labile 
mRNA in non-growing lymphocytes is on the order of 
2% of the total, the remainder being highly stable. It is 





likely, therefore, that AMD interferes with translation by 
abolishing the synthesis of some RNA species other than 
mRNA” poly(A), since the small contribution of labile 
mRNA to the steady-state total would not account for the 
effect of the drug. 

Lymphocyte protein synthesis is virtually unaffected by 
concentrations of AMD which specifically inhibit rRNA 
synthesis’, and ribosomal 5S RNA synthesis is not 
abolished by such low concentrations of AMD, but its 
appearance in the cytoplasm is prevented’. Since this 
deficiency is not associated with diminished protein 
synthesis, it is evident that interruption in the supply of 
new 5S RNA to the cytoplasm is not the means by which 
higher concentrations of AMD inhibit protein synthesis. 
Craig’ dismissed reduced tRNA synthesis as a possible cause 
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Incubation with `H -leucine (h) 


Fig. 2 Effect of actinomycin D on protein synthesis by intact lymphocytes. Lymphocytes were suspended at 2 x 10° mi? in MEM, 1/20th 
amino acid concentration, 2% autologous plasma and incubated with “H-leucine (10 Cimi ~). Cell collection and analysis were as in Fig. 1. 
a, Effect of AMD on protein synthesis in resting and growing lymphocytes: @, resting lymphocytes, no AMD; ©, resting lymphocytes, 


| ug mi AMD added at zero time; $., PHA, 16 h before labelling, no AMD; 
Effect of cytochalasin pretreatment on protein synthesis by intact lymphocytes. R 






PHA, 16h, AMD, | pg mi~, added at zero time. b, 
ting cells were incubated for | h with 10 pg mi~! cyto- 


chalasin B in MEM, 10°; autologous plasma, then centrifuged and resuspended in labelling medium. @, No CB treatment: a. CB-treated 

cells; <, CB-treated cells, | ug mi™ AMD added with #H-leucine. c, Comparison of kinetics of amino acid incorporation in resting-cell 

cytoplasts with those of intact resting cells treated with AMD. Results from three experiments with intact cells and four experiments with 

cytoplasts were normalised by expressing results as fraction of l-h value. Mean and + 2s.e.m. are given. ©, Cytoplasts; @, AMD-treated 
resting cells. 
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for inhibition of protein synthesis in AMD-treated L cells 
because 8h of exposure to 0.25 ugml°' AMD caused a 
50% reduction in protein synthesis, This concentration of 
the drug was thought to be too low to inhibit tRNA 
synthesis. No actual data were given to demonstrate 
unimpeded tRNA synthesis, however, and in our view, 
tRNA has not been eliminated as the critical molecule 
whose synthesis, when interrupted by AMD, causes 
cessation of protein synthesis. This thesis is presently being 
examined, together: with the more general proposition 
that availability of tRNA may have a regulatory role in 
governing the- rate of protein synthesis in resting 
lymphocytes. 
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Regulation of maternal mRNA translation 
in developing embryos 
of the surf clam Spisula solidissima 


MESSENGER RNA not bound to ribosomes (non-polysomal 
mRNA) has been found in the cytoplasm of sea urchin'™* 
and Spisula solidissima eggs’. The mRNA synthesised and 
stored during oogenesis (maternal mRNA) is utilised when 
protein synthesis is activated by fertilisation. Translation of 
maternal mRNA allows sea urchin embryos to proceed 
through several cellular divisions even when synthesis of 
embryonic mRNA is blocked by actinomycin D*™*. But, 
embryonic mRNA is synthesised soon after fertilisation and 
already translated at the early cleavage stage’. Qualitative 
and quantitative changes in the pattern of histone synthesis 
during sea urchin embryogenesis have suggested that the 
synthesis of these proteins is temporally regulated in the 
embryo and that different mRNA species are translated at 
successive stages of embryo development". We report here 
that part of the mRNA is found unassociated with ribo- 
somes in eight-cell embryos of S. solidissima. Some of the 
translation products of this non-polysomal mRNA are dif- 
ferent from those of polysomal mRNA, but identical to 
translation products of maternal mRNA isolated from eggs. 
This suggests that part of the non-polysomal mRNA of 
embryos consists of maternal mRNA species which are in- 
efficiently translated after fertilisation. 

Cytoplasmic extracts of S$. solidissima embryos were frac- 
tionated by centrifugation on sucrose gradients (Fig. 1). The 
RNA isolated from the polysome pellet and from gradient 
fractions was translated in the wheat germ cell-free system’. 
Polysomal RNA and the RNA extracted from a cytoplasmic 
fraction sedimenting between 20S and 60S (non-polysomal 
mRNA) significantly stimulated protein synthesis and were 
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Fig. 1 Fractionation of S. solidissima eight-cell embryos homo- 
genate by centrifugation on sucrose gradient. Eggs were collected, 
washed and fertilised‘ and embryos were collected by.centrifu- 
gation and washed as described before’. One volume of packed 
embryos was homogenised with 4 volumes of TNM: (20 mM 
Tris-HCI! pH 7.6, 0.2 M NaCl and 5 mM magnesium acetate). 
The homogenate was centrifuged for 10 min at 12,000 r.p.m. and 
4.5 ml of the supernatant were fractionated by 19 h centrifuga- 
tion at 26,000 r.p.m, through a 34-ml 20-40% sucrose gradient 
in TNM. The gradients were monitored for A» (solid line) and 
subdivided into four fractions. Polysomes were recovered in. the 
pellet. RNA was obtained from gradient fractions and from the 
polysome pellet by phenol extraction and ethanol precipitation”. 
The RNA was assayed in a wheat germ cell-free system prepared 
according to Roberts and Patterson’. Each fraction was tested at 
several RNA concentrations and the stimulation of protein 
synthesis measured by the incorporation of *H-lysine into protein 
in 60-min incubations as previously described. The activity of 
each fraction was calculated from a range of concentrations 
which gave a stimulation of protein synthesis proportional to 
the input of RNA. The activity of each fraction is expressed as 
c.p.m. x 107 per pg RNA. Twenty mg of RNA were recovered 
from the polysome pellet and 5.3 were recovered from fraction 
ILI per ml of packed embryos fractionated. Taking into account 
the relativestimulatory activity and the amount of RNA recovered, 
it was calculated that the total template activity of polysomal 
RNA was four times that of fraction HI RNA. 


directly used in subsequent experiments. About 80% of the 
template activity of embryo RNA was found in the poly- 
some pellet, and the remaining 20% was found in the 
fraction sedimenting at 20-60S (Fig. 1). 

The translation products of polysomal and non-polysomal 
embryo mRNA were compared with those of mRNA ob- 
tained from whole eggs and purified by absorption of oligo 
(dT)-cellulose’’. The translation products were fractionated 
by electrophoresis on polyacrylamide gels containing sodium 
dodecylsulphate (SDS) and detected by fluorography” (Fig. 
2). The translation products of embryo polysomal mRNA 
correspond predominantly to marker histones. But, the pro- 
ducts of embryo non-polysomal mRNA show in addition 
to histones some bands which are not detected among the 
translation products of polysomal mRNA (indicated by 
arrows in Fig. 2), The translation products of egg mRNA 
show two bands corresponding to histones H1, several 
poorly resolved bands migrating with or slightly faster than 
marker histones, and other bands corresponding to trans- 
lation products of both polysomal and non-polysomal 
embryo mRNA. Aliquots of each translation assay were 
extracted with 0.2 M H:SO; (ref. 13) to further purify his- 
tones. The proteins extracted with acid were fractionated by 
SDS gel electrophoresis (Fig. 2). This analysis showed that 
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Fig. 2 Analysis of the translation products of polysomal and 
non-polysomal embryo RNA and of egg RNA. Embryo RNA 
was prepared as described in Fig. 1. RNA was obtained from 
eggs homogenised with 4 volumes of TNM, centrifuged 10 min 
at 12,000 r.p.m., made 1°% in SDS and extracted with phenol", 
The RNA was chromatographed on oligo(dT)~cellulose!’ and the 
poly(A)-containing fraction used for translation assays. The 
RNA was translated with wheat germ extract containing 0.88 
mCi ml ~ of ?H-lysine (40 Ci mol~'). Aliquots of each incubation 
were analysed by electrophoresis on 12.5% polyacrylamide gels 
containing SDS". The radioactive proteins were detected by 
fluorography of the dried gels'*. The position of marker histones 
prepared from developing embryos‘ is shown schematically on the 
left. Track 1, translation products ofpolysomal embryo RNA; 
2, translation products of fraction IHI non-polysomal RNA (see 
Fig. 1); track 3, translation products of egg RNA. An aliquot of 
each assay was treated with 0.2 M H,SO, to extract the acid- 
soluble proteins'*, which were then precipitated with 4 volumes 
of ethanol and analysed in parallel. Tracks 4, 5 and 6, acid-soluble 
proteins prepared from the translation assays analysed in tracks 
1, 2 and 3, respectively. Track 7, marker H1 histones purified from 
developing eight-cell embryos incubated with "C-lysine'; the 
H1 histones were isolated by precipitating the other histones with 
5% perchloric acid*'. The arrows on the left indicate bands 
present among the translation products of non-polysomal embryo 
RNA and of egg RNA. 


all the embryo and egg peptides co-migrating with marker 
histones are acid extractable. Among the egg mRNA trans- 
lation products, histones H1 are clearly identified, whereas 
other histones are present in relatively lower amounts. In 
subsequent experiments egg and embryo RNA were frac- 
tionated in parallel into size classes by centrifugation on 
sucrose gradients (Fig. 3). The RNA sedimenting between 
4 and 18S, which is enriched in histone mRNA’, was isolated 
and translated in the wheat germ cell-free system. The 
translation products of 4-188 RNA were analysed by 
electrophoresis in a gel system devised for the fractionation 
of histones, which separates proteins primarily on the basis 
of their charge’. The two H1 histones, which separate in 
SDS gel electrophoresis, migrate together in this gel system 
(Fig. 3). The translation product of 4-18S egg RNA contain 
HI histone and two additional peptides, which correspond to 
translation products of embryo mRNA. One peptide mi- 
grates like H4 histone and the other between marker H2A 
and H1 histones. This peptide also appears among the 
translation products of embryo non-polysomal mRNA, but 
not among the products of embryo 4-18S polysomal MRNA 
(Fig. 3). This peptide represents one further example of a 
maternal template which is found among non-polysomal 
mRNA species in the embryo. 

The translation products of egg mRNA isolated by 
oligo(dT)-cellulose chromatography were also analysed in 
the gel system described above (Fig. 3). By overloading the 
gel it was possible to show that egg RNA codes for the 
other histones in addition to H1 histones. This suggests that 
mRNAs for all histones are present in S. solidissima eggs, 
though in quite different relative amounts, and that these 
mRNAs may contain poly(A) since they bind to oligo(dT)— 
cellulose. Histone mRNA obtained from Xenopus“ and 
Triturus’ eggs contain poly(A), whereas histone mRNA 
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obtained from mammalian cells does not contain poly(A)" 
and does not bind to oligo(dT)-cellulose’’. 

The analysis of mRNA distribution in eight-cell embryos 
of S. solidissima shows that part of the mRNA is not 
associated with polysomes and therefore is not actively 
translated at this stage of development. We have only 
examined in detail the RNA distribution in eight-cell 
embryos. In older embryos there is less non-polysomal 
mRNA (our unpublished observations), whereas in eggs 
most of the mRNA is non-polysomal'. A simple interpreta- 
tion of these observations is that during embryonic develop- 
ment maternal MRNA is translated in an orderly fashion. In 
the eight-cell embryo some mRNA species are preferentially 
translated, whereas others are not translated and are 
therefore found as non-polysomal mRNA species. We 
have no evidence that these non-polysomal mRNA species 
are translated later in embryogenesis, though this seems 
in view of the decrease in non-polysomal mRNA. We 
suggest, however, that the presence of non-polysomal 
mRNA is due to translational regulation in eight-cell 
embryos. Translation of maternal and newly synthesised 
mRNAs may be regulated in a specific way. This 
regulation does not involve the activation of maternal 
templates by addition of the 5’-terminus m’Gppp (ref. 17), 
since S. solidissima egg mRNAs already contain this struc- 
ture (unpublished). 

Various mechanisms have been proposed to explain 
translational regulation (see ref. 18 for review). These 
mechanisms can be subdivided into two types: (1) regula- 
tion involves a change in the components of the transla- 
tional machinery: (2) regulation results from changes in 
the species of mRNA present and/or in the activity of 
the cell to initiate synthesis of new polypeptides. Our 
experiments have not been directed at studying the 
mechanisms of translational regulation operating in 
embryos. An analysis of the events which take place on 
fertilisation makes it possible, however, to propose an 
interpretation of the regulatory pattern observed. 

The predominant templates translated by embryos are 
histone mRNAs (Fig. 1). These templates are present in 
relatively small amounts among maternal mRNA species, 
with the exception of H1 histone mRNA‘. Active synthesis 
of histone mRNA on fertilisation is necessary to account 
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Fig. 3 Analysis of the translation products of embryo and egg 
RNA. The translation assays are described in Figs | and 2. 
Proteins were fractionated on 12% polyacrylamide gels con- 
taining 7.5 M urea, 6 mM Triton X-100, and 0.9 M acetic acid". 
The proteins were detected by fluorography'?. Tracks 1 and 3, 
translation products of egg RNA containing poly(A) and of 
fraction ITI non-polysomal embryo RNA (see Fig. 1). The egg 
RNA and polysomal embryo RNA were fractionated by cen- 
trifugation on sucrose gradients™™ and the fractions containing 
RNA sedimenting between 4S and 18S pooled. Track 2, transla- 
tion products of 4-18S egg RNA; track 4, translation products 
of 4-18S polysomal embryo RNA. Track 5, marker H1 histones 
prepared as described in Fig. 2. The arrow at the right indicates 
a prominent band which is found among the translation products 
of egg 4-18S and of embryo non-polysomal RNA. The position 
of marker histones prepared from developing embryos‘ is 

indicated on the right. 
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for the synthesis of histones in embryos. Synthesis of 
mRNA with the sedimentation characteristics of histone 
mRNA has indeed been reported in S. solidissima embryos”. 
The presence of histone mRNA among the non-polysomal 
mRNA species (Fig. 2) suggests that the supply of mRNA 
exceeds the capacity of the eight-cell embryos to translate 
this mRNA. This situation leads to competition among 
different mRNA species for translation. Histone mRNA 
is one of the ‘strongest? mRNA molecules. Treatments of 
HeLa cells which result in competition among mRNAs 
` for translation suppress the synthesis of most cellular 
proteins except histone’. The translational regulation 
observed in S$. solidissima embryos may be based on a 
similar mechanism. Initiation may be the limiting step in 
protein synthesis in embryos and this may lead to com- 
petition among different mRNAs for translation. Histone 
mRNA may therefore be preferentially translated over 
other ‘weaker mRNAs, which are presumably translated 
later in development, when initiation is no longer limiting. 
This regulatory model does not involve any qualitative 
change in the components of the translational machinery, 
but only an increase in the activity of embryos to initiate 
protein synthesis. 
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Variability of DNA content 
of murine fibrosarcoma cells 


ANEUPLOIDY or heteroploidy and hyperploidy have been ob- 
served in tumours of experimental animals and of humans and 
seem to be a feature of most malignant cells’. DNA contents 
seem to correlate with karyotype in these changes or deviations 
trom euploidy. Most tumours are hyperploid and higher in DNA 
contem™*®. A rapid and reliable method of analysis of DNA 
content distribution of a cell population has recently become 
available with the development of flow microfluorometry 
€FMF)'°. We report here the use of FMF analysis to measure 
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DNA content of clones isolated from a fibrosarcoma. All the 
clones examined had a higher DNA content than did either the 
normal cells tested or the original fibrosarcoma. There is thusa 
variability of DNA content in fibrosarcoma cells. This suggests 
that variability, as well as increase in DNA content in malignant 
cells may relate to their neoplastic development. 

The clones FSA 1231, 1233, 1235, 12310, 12313, 12314, 12316, 
12317, and 12318 were isolated from a methycholanthrene- 
induced fibrosarcoma by repeated cloning in soft agar medium! 
under selective pressure for enhanced. clonogenicity (N.S. and 
H.R.W. J. natn. Cancer Inst. in the press). The surviving fraction 
of the original tumour cells was 10-7 to 10, compared with 0.1 to 
0.5 for the resulting highly clonogenic cells. The cells were cultured 
in a humidified CO, incubator with McCoy's 5A medium as 
modified by Hsu and containing 20% foetal calf serum. 

The method of FMF analysis has been described else- 
where!2~14, Briefly, 2 to 5x 10° exponentially growing cells or 


Fig. 1 Histogramof DNA content distribution obtained using flow. 


microfluorometry. FSA 1231 fc), 1233 (d), 12310 fe), 12313 Pf, 

12314 (g/, 12316 (h), 12317 (i), 12318 (7) were added with normal 

spleen cells. The spleen peak of FSA 12316 is seen only as a notch, 

since it includes only a small amount of spleen cells. This was done to 

avoid an effect on the G, peak of the sample. a. Spleen cells: b, FSA 
original cells. 
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tumour cells were fixed with 70% ethanol and stained with 
mithramycin (Pfizer) for DNA. The staining solution contained 
50 ug mi! mithramycin and 7.5 mM MgCl, in 12.5% aqueous 
ethanol. The flow microfluorometer was of the type described by 
Steinkamp et al.!°, 

Quantitation and comparison of DNA content were carried out 
by adding spleen cell suspensions to each sample. The spleen cell 
suspensions were made from normal untreated C,Hf/Bu mice 
from the specific pathogen-free breeding colony maintained at the 
M. D. Anderson Hospital. Section of Experimental Radiotherapy. 
The minced spleen tissues were filtered through a stainless steel 
mesh (200 wires per inch) screen and washed by centrifugation. 
The suspension included singlet, doublet and triplet aggregates of 
spleen cells (Fig. 1). When the relative DNA contents for singlets, 
doublets and triplets were assigned values of 1, 2 and 3, and were 
plotted on a linear scale against channel number, a straight line 
relationship was observed. The line extrapolated across the 
abscissa at a certain point. This intercept value (channel number) 
was used to correct zero offset. 

Figure | represents typical histograms of DNA content in 
various clones. Spleen cells were added as a standard to each 
sample except that from the original fibrosarcoma (tumour cell 
suspension) and FSA 12310. The position of the peak for normal 
cells in the original fibrosarcoma was not affected by addition of 
spleen cells although its height was increased, that is, DNA content 
ofnormal cells(G, peak) in a tumour was the same as that of spleen 
cells. Intrinsic normal cells were therefore used as a standard. G, 
peak positions of these clones were different from one another. 
Furthermore, FSA 12310 was completely heterogeneous with 
respect to DNA content. 

Table | shows the relative DNA content (G, peak) of the various 
clones relative to spleen cells. These ratios were calculated from the 
modal G, peak positions after correction for zero offset. Modal 
peak positions were determined from digital records of cell number 
for each channel. Relative DNA content ranged between 1.49 and 
3.07, while the relative DNA content of the original fibrosarcoma 
was 1.45. All clones so far examined have shown a relative DNA 
content greater than 1.0, that is, they contained more DNA than 
did normal cells. DNA content in all except FSA 12310 has 
remained stable through cell divisions after in vitro and in vivo 
growth suggesting a hereditable nature of the DNA content. 

The coefficients of variation (c.v., 100 times the standard 
deviation divided by the mean) of G, peaks shown in Fig. 1, were 
7.7 (FSA original). 6.8 (FSA 1231), 6.1 (FSA 1233), 8.8 (FSA 
12313). 8.5 (FSA 12314), 9.7 (FSA 12316), 6.0 (FSA 12317), 7.3 
(FSA 12318), and 5.8 +0.3 (spleen cells, + s.e. of the mean ofeight 
measurements). The c.v. values of G, peaks of the original 
fibrosarcoma and of these clones were relatively large compared 
with that of normal spleen cells. The difference between some 
clones (FSA 1233 and FSA 12317) and spleen cells is not obvious, 
however. 

Kramer ef al. have investigated DNA content distribution of 
various established cell lines in vitro using FMF!'*-!°. They used 
c.v. of the G, peak to evaluate the heterogeneity of DNA content 
distribution in cell populations. They reported that DNA content 
by modal peak position of malignant cells was higher than that of 
normal cells. Surprisingly, however, thec.v. ofthe G, peak was not 
greater for malignant than for normal cells, even ifa heterogeneity 
in the karyotype was observed. Thus, they concluded that DNA 
content distributions of malignant cells were not heterogenous 
even if the karyotypes were. and that a change in karyotype does 
not always reflect an alteration in the DNA content of the cell. This 
conclusion challenges the classical view of the genetic entity of the 
chromosome. 

Weexamined, using freshly isolated clones froma fibrosarcoma, 
whether DNA content of malignant cells varies and/or is greater 
than that in normal cells. In summary, our results lead us to 
conclude that these clones from a mouse fibrosarcoma were 
heterogenous in DNA content implying that the cells had the 
ability to vary DNA content. All the clones derived by selective 
cloning and examined thus far have had a higher DNA content 
than the original fibrosarcoma cells. The results concerning DNA 
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Table 1 Relative eDNA content fG, peaks of various clones 

= Cells Relative DNA content Mean +s s.e. 
FSA original 1.45 = 
FSA 1231 1.61, 1.5 1.56 +0.05 
FSA 1233 3.03, 3.1 3.07 +0.03 
FSA 1235 1.80 - 
FSA 12312 1.60 —~ 
FSA 12313 1.93, 2.00, 1.90 1.94 +0.03 
FSA 12314 2.84. 2.87, 2.80 2.84 +0.02 
FSA 12316 1.50. 1.44, 1.52 1.49 +0.02 
FSA 12317 1.62 ~ 
FSA 12318 25990 





Relative DNA content is given relative to the spleen singlet peak (G,) 
which was assigned a value of 1. 


content from this system are consistent with the accumulated 
findings of aneuploidy and hyperploidy in karyotypes of malig- 
nant cells'~7. Since higher cellular DNA content was found in 
clones selected for higher plating efficiency in adverse growth 
conditions in vitro, changes in ploidy during tumour pro- 
gression”? may reflect a similar selection process in the host. 

We thank Dr B. Barlogie for supplying mithramycin, Ms N. 
Hunter for technical assistance, Ms R. Goddard for secretarial 
work, Drs T. C. Hsu and M. L. Meistrich for discussions and Dr D. 
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Use of coupled transcription and translation 
to study mRNA production by vaccinia cores 


Vaccinia is a double-stranded DNA virus which replicates 
in the cytoplasm of animal cells. Soon after infection, the 
outer layers of the virion are removed to yield core 
particles’ which make mRNA that is transcribed, capped? 
and polyadenylated? by enzymes present in the cores. 
Later, the cores break down, DNA synthesis begins, and 
‘late’ genes are expressed‘. Cores can be made in vitro by 
treating virions with non-ionic detergent and mercapto- 
ethanol. When incubated with nucleoside triphosphates, 
these particles produce mRNA* which can be translated 
in cell-free systems to yield authentic vaccinia early 
proteins’’*’, It has recently been suggested that this mRNA 
may be derived from large primary transcripts’ which are 
processed in a manner similar to that proposed for cellular 
mRNA*™. I have obtained evidence that early vaccinia 
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mRNA is made by monocistronic transcription in vitro, 
by comparing the relative sensitivity of the synthesis of 
individual messages to ultraviolet irradiation. Production 
of mRNA was assayed indirectly using a coupled cell-free 
transcription—translation system in which protein synthesis 
is dependent on added vaccinia cores. 

The use of partial ultraviolet inactivation to study 
transcription depends on the observation that the thymine 
dimers produced by irradiation cause premature termina- 
tion of transcription”. Assuming that all DNA is equally 
susceptible to ultraviolet damage, the sensitivity of synthesis 
of a given mRNA is proportional to the distance between 
its promoter and the 3’ end of the cistron. In the case of 
messages which are primary transcripts, the ultraviolet 
sensitivity should be directly proportional to the length of 
the mRNA. This would clearly not be the case if several 
mRNAs were transcribed in tandem from a single pro- 
moter. Polycistronic transcription of the latter kind has 
been detected by ultraviolet irradiation experiments in 
DNA bacteriophages'™™™, adenovirus", and the negative 
strand RNA viruses, vesicular stomatitis virus (VSV)'*"" 
and Sendai". 

The coupled transcription-translation system used in 
these experiments is based on the  nuclease-treated 
reticulocyte lysate described previously". Fig. 1 shows that 
when vaccinia cores are added to this system at concentra- 
tions similar to those found in infected cells, rapid 
synthesis of RNA begins after a brief lag. Protein synthesis 
starts after a further 5-10 min and continues linearly for 


3H-UMP (pmol) 


wa 


35§_methionine (c.p.m. x 107°) 
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Fig. 1 RNA and protein synthesis directed by vaccinia virus 
cores in the nuclease-treated reticulocyte lysate. mR NA-depend- 
ent reticulocyte lysate prepared as described previously'* was 
supplemented by addition of | mM each of ATP, GTP, and CTP, 
3.5 mM MgCl., 60 pg ml ~! mouse liver (RNA, 2 mM glucose and 
either 20 uM methionine and 50 uM *H-UTP (10.2 Ci mmol ~+) 
or | mM UTP and “S-methionine (4 = 10" c.p.m. ml-t; about 
30 Ci mmol ~ taking into account the unlabelled methionine 
present in the lysate). Cores, prepared as in ref. 5, were kindly 
provided by Jane Sykes, and were added at approximately 1.5 = 
10 ml~?, Samples (5 ul) were removed at intervals for the assay 
of RNA synthesis by precipitation with cetyltrimethylammonium 
bromide (CTAB)™, or for protein synthesis as described pre- 
viously'®. Incubation temperature was 30 C. W, °H-UTP 
incorporation; @, **S-methionine incorporation; ©, **S-methio- 
nine incorporation in the presence of 7 pg ml ~ actinomycin D. 
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Fig. 2 Protein synthesis directed by ultraviolet-irradiated vac- 
cinia cores. Drops (1 yl) containing (2-3) x 10° vaccinia cores were 
placed on a sheet of parafilm and held on ice 30 cm from a 15-W 
germicidal ultraviolet lamp for various times. They were then 
added to 15 ul of the mixture described in Fig. 1, and incubated 
at 30 C. Double-stranded RNA was present at a concentration 
of 20 ug ml ~ to avoid inhibition of protein synthesis by low levels 
of endogenous double-stranded RNA present in the core prepara- 
tions (see ref. 22). After 1 h of incubation, a further 10 pl of 
translation mixture was added, and the incubation continued for 
another 1I h. Samples (5 pl) were analysed on a 15% SDS- 
polyacrylamide gel. A fluorogram of this gel is shown, The mole- 
cular weights ( < 10~*) indicated in the margin were derived by 
comparison with a set of 'C-iodoacetate-labelled marker proteins 
run in parallel with the experimental samples. Arrow indicates a 
background band which is labelled even in the absence of cores. 
The sample in the left-hand track contained no cores; others 
contained cores irradiated for the number of minutes indicated. 


about Ih. About 30-40 discrete polypeptides are made, 
many of which comigrate with authentic early vaccinia 
proteins on two-dimensional polyacrylamide gels of the 
O'Farrell type (data not shown). This protein synthesis 
is completely prevented by 7ygml' actinomycin D, 
whereas the translation of globin or preformed vaccinia 
mRNA is unaffected by the drug. Protein synthesis in the 
coupled system is therefore dependent on the transcription 
of vaccinia DNA. Coupling RNA and protein synthesis in 
this way avoids the need for an intermediate purification 
of the RNA, thus eliminating errors due to unequal 
recovery of different messages. The direct study of 
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individual mRNAs is made difficult by their poor resolution 
on gradients and gels, due to ^% combination of their 
similar sizes and their heterogeneous poly(A) tails. 

Vaccinia cores were exposed to a germicidal ultraviolet 
lamp for periods ranging from 5s to 8 min, and then added 
to the cell-free system. After incubation for |h, fresh 
lysate was added, and incubation continued for a further I h. 
In these conditions the mRNA produced does not saturate 
the system, so that competition between mRNAs is avoided. 
The protein products were analysed on SDS-polyacrylamide 
gels, and their synthesis measured either by densitometry of 
appropriately exposed fluorograms”, or by direct counting 
of excised protein bands. The results are shown in Figs 2 and 
3. The decay of the synthesis of each protein obeyed single- 
hit kinetics, but the rate constant varied according to the 
protein (Fig. 3a). Fig. 36 plots the rate of inactivation of 
the synthesis of the 17 most prominent proteins against 
their molecular weights, which were estimated relative to a 
set of marker proteins run on the same gel. Thirteen of 
these bands, including the largest at 116,000, comigrate on 
SDS gels with proteins labelled in infected cells: at least four 
correspond to major polypeptides which comigrate on two- 
dimensional gels with authentic vaccinia-induced proteins 
(H. R. B. Pelham, unpublished). The other bands are prob- 
ably not the result of premature termination of translation: 
analysis of partial digests of the products after labelling with 
formyl-"S-methionine indicates that they do not share com- 
mon N termini (H. R. B. Pelham, unpublished). 

There is a linear relationship between the molecular 
weight of the proteins made in vitro and the rate of ultra- 
violet inactivation of their synthesis (Fig. 36), which argues 
strongly against tandem polycistronic transcription of their 
mRNAs. If such transcription were happening, there would 
be proteins whose synthesis was much more sensitive to 
ultraviolet light than would be expected from their size. This 
experiment does not exclude the possibility that the mRNAs 
are derived from longer monocistronic precursors whose 
size is directly proportional to the size of the coding regions, 
This seems intrinsically unlikely, and we have failed to 
detect any large core-associated precursors to mRNA by 
pulse-labelling experiments. Such experiments would not. 
however, detect precursors which were cleaved while still 
nascent. An argument in favour of the idea that the 
mRNAs synthesised by vaccinia cores represent primary 
transcripts has been made by Ball and White’. Unlike VSV. 
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Fig. 3 Rate of ultraviolet light 
inactivation of synthesis of vaccinia 
proteins. a, Relative amount of 
radioactivity in five representative 
polypeptides plotted against the 
time of exposure of the cores to 
ultraviolet irradiation. This was 
determined by densitometry of 
appropriately exposed fluorograms 
such as that shown in Fig. 2, and is 
expressed as a percentage of the 
radioactivity obtained with non- 
irradiated cores. Molecular weights 
of these proteins: MM, 116,000; As 
63,000; @, 36,500; ™3, 29,000: Y, 
17,000. 6, Plot of 17 first-order rate 
constants, determined from plots 
such as those in a, against the mole- 
cular weights of the corresponding 
proteins. Solid symbols refer to the 
five proteins shown in a. These 
figures were compiled from data 
obtained in two independent 
experiments. 
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vaccinia cores seem to be unable to add caps to the ends 
of RNA molecules generated by cleavage. Since, as I shall 
show elsewhere, vaccinia mRNA has a strong requirement 
for capped 5’ ends for its translation, it is difficult to accept 
that messages produced by a cleavage pathway could be 
active, 

These arguments and the data presented above strongly 
Suggest that the major mRNA species produced by vac- 
cinia cores are uncleaved transcripts of single cistrons, 
modified by the addition of poly(A) at the 3’ end and a cap 
at the 5’ end. 

The coupled system used in this work is the first example 
of a eukaryotic cell-free system in which efficient RNA and 
protein synthesis are directed by a DNA template. It thus 
offers an in vitro analogue of infected cells, and should be 
useful for studying further aspects of gene expression 
in vaccinia virus. 

I thank Jane Sykes for supplying the vaccinia cores, and 
Tim Hunt for help in preparing the manuscript. T am the 
holder of an MRC studentship. and the work was supported 
by a grant from the MRC to Dr R. J. Jackson. 
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Foreign DNA of bacterial plasmid 
origin is transcribed in crown gall tumours 


Agrobacterium tumefaciens incites cancerous growths in 
dicotyledonous plants called crown gall tumours. Large 
plasmids in oncogenic Agrobacterium strains’ carry genetic 
information which is essential for tumour induction’. We 
recently reported that axenic crown gall tumour tissue 
contains multiple copies of a small part of the oncogenic 
(Ti) plasmid of the inciting bacterial strain‘. The mech 
anism of induction of crown gall tumours thus seems to 
the 
eukaryotic cell is transformed by addition of new genetic 
information which is stably maintained through sub- 
sequent cell divisions’ The means by which foreign DNA 
brings about the tumorous growth pattern of crown gall 
cells is unknown. The first step in elucidating its mode of 
action is reported here: have detected RNA tran- 


resemble that of some virally induced animal tumours 


we 


NORMAL 
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were resolved into 2] bands by Agarose gel electrophoresis‘. 
Plasmid DNA fragments were alkali-denatured in the gel, 
neutralised and transferred directly to a sheet of cellulose 
nitrate’. The pattern of bands obtained by electrophoresis 
was thereby reproduced on the sheet, which was then cut 
into longitudinal strips for separate hybridisation 
experiments. 

Strips were incubated with labelled RNA isolated from 
clone E9 of a tobacco tumour incited by strain B6-806, and 
from normal tobacco callus tissue. In addition, a strip 
was incubated with “P-cRNA synthesised’ from the whole 
Ti plasmid genome by Escherichia coli RNA polymerase. 
Autoradiograms of the hybridised filter strips are shown in 
Fig. | together with a photograph of the bands of DNA in 
the used to prepare the cellulose nitrate transfers. 
Labelled tumour RNA hybridised to a single band of the 
Sma | digest, identified as band 3 by comparison with the 
photograph of the gel and the autoradiogram of the cRNA 
hybrid strip. We have shown that this tumour clone con- 
tains about 18 copies, per diploid tobacco cell DNA equiv- 


gel 





Fig. 1 Hybridisation of labelled E9 tumour and control RNAs to strips bearing Sma I digest bands. Tumour and normal callus tissues, 
tested for sterility at the time of labelling, were incubated in Petri dishes with approximately | mCi **P (neutralised) per g of tissue for 4h 
RNA was isolated by hot phenol extraction, DEAE-cellulose chromatography, DNase digestion and gel filtration on Sephadex G-75 
(ref. 12), Specific activities of RNAs were 127,000 c.p.m. per pg (tumour) and 34,000 c.p.m. per ug (normal callus). For cRNA synthesis 
'2P-UTP (ICN, 75 Ci mMol ~!) was used as labelled precursor, and plasmid from strain A277 served as template. Pure virulence plasmid 
of A. tumefaciens B6-806 was isolated from exconjugant strain A277 and digested with Sma I as described previously’. After electrophoretic 
separation in 0.5%, Agarose, the bands were stained and photographed! before denaturation and transfer of bands to cellulose nitrate sheets 
(Schleicher and Schuell, B6 membrane). Strips were soaked in Denhardt’s™ pre-incubation mixture and baked at 55 “C overnight before use. 
Hybridisation was carried out with 5 < 10" c.p.m. ml~! labelled RNA and 200 ug of unlabelled carrier RNA in 0.3 M NaCl, 0.03 M tri- 
sodium citrate (2 x SSC) at 67 C for 20 h. Filter strips were wetted with 2 ~ SSC before addition of labelled RNA. Unlabelled carrier RNA 
was isolated from strain A114, an avirulent plasmidless derivative of strain C58 (ref. 3). After incubation, strips were washed (2 x SSC 
67 C), treated with RNase (20 ug mi~’, | h, 22 C), rinsed, dried and autoradiographed for 36h to 2 weeks. All radioactive label was 
entirely acid precipitable at the end of the incubation. Autoradiograms of filter strips hybridised with E9 tumour RNA, normal callus RNA 
and cRNA are presented beside a photograph of the original gel, adjusted to the same scale photographically 


scripts of the foreign genetic information in the tumour alent. of part of Sma I digest band 3, by direct 
cell. DNA-DNA hybridisation technique‘. Our findings show 

*P-pulse-labelled RNA was isolated from tumour and that at least a part of this genetic information is tran- 
normal tobacco callus tissues as described in Fig. 1. To test scribed in the tumour cell. Recent studies have shown that 
these RNA preparations for the presence of RNA tran- this tumour clone also contains a part of Sma I digest band 


scripts of Ti plasmid DNA, we used a filter hybridisation 
technique developed by Southern*. Ti plasmid DNA from 
the inciting bacterial strain was first cleaved into 25 specific 
fragments with the restriction endonuclease Sma I. These 


Bee 


I 2364 5 9,10 121314 


18 19, 


10 (ref. 10). In three separate experiments using different 
lots of pulse-labelled tumour RNA from this clone, no 
hybridisation noted to band 10 or any other Sma I 
digest bands; only band 3 transcripts were detected. Normal 


was 
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Fig. 2 Hybridisation of labelled E9 tumour RNA to strips bearing plasmid Eco RI digest bands. The labelled E9 tumour RNA (5 x 10° 

c.p.m. ml~') was incubated for 16 h (67 C, 2» SSC) with cellulose nitrate strips bearing A. tumefaciens strain A277 plasmid Eco RI/(Miles) 

digest bands (prepared as for Fig. 1). A line drawing of the bands seen in a photograph of the gel is shown below the autoradiogram of 

the hybridised strip. Hybridisation is assigned tentatively to bands 12, and 21,22. (Close neighbouring bands make this assignment equi- 
vocal.) The 6,7 doublet has been proposed to bear virulence functions” 
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Fig. 3 Hybridisation of labelled El tumour RNA to strips bearing plasmid HindIII digest bands. Labelled El tumour RNA (3 h pulse, 
46,000 c.p.m. per ug) was isolated as described in Fig. 1. Cellulose nitrate strips bearing HindIII (New England Biolabs) digest bands of 


strain A277 plasmid were prepared, and labelled RNA (4 


10° c.p.m. mi ~) was hybridised with the strips for 16 h (2 


SSC, 67 °C), washed 


and RNase treated as for Fig. 1. A line drawing of the bands, prepared from a photograph of the gel, is shown below the autoradiogram 
of the strip. Labelled El tumour RNA hybridisation is assigned to HindIII bands | and 5. 


callus tissue RNA was never observed to bind to any frag- 
ment of the plasmid, even after fivefold longer exposure 
of the autoradiograms. 

Further experiments were carried out using “P-RNA 
form clone E9 and filter strips carrying bands of Eco RI 
digest of the Ti plasmid. The numerous fragments in this 
digest (Fig. 2) are not well separated by electrophoresis; 
thus the identification of bands is imprecise. Tumour RNA 
hybridised well to a band in the region of band 12, and 
weakly to-a band in the region of the band 21,22 doublet. 
The latter band, while clearly visible in the autoradiogram, 
is too faint for photographic reproduction in Fig. 2. Doub- 
let Eco RI digest band 6,7 has been proposed to be 
important in tumour initiation because it seems to be 
common to distantly related virulence plasmids”. We 
detected no transcript of this band in this tumour clone 
Labelled RNA from normal callus tissue did not bind to 
any bands on filter strips bearing Eco RI digest bands (data 
not shown). 

Labelled RNA from tumour clone E1, a single-cell isolate 
from the same tumour as E9, hybridised to Sma I digest 
band 3 (data not shown). When this RNA was hybridised 
to cellulose nitrate strips bearing HindIII digest fragments 
of the Ti plasmid, bands 1 and 5 gave positive results (Fig. 
3). Thus these singlet bands appear to contain the same 
genetic information as the relevant member of the Sma | 
band 3 doublet, which we have identified as band 3b as 
described elsewhere‘. 

Results presented here show that pulse-labelled crown 
gall tumour RNA can be used to identify DNA fragments, 
within any restriction endonuclease digest, which contain 
Ti plasmid DNA base sequences transferred to the tumour 
cell. Although not all the foreign DNA is transcribed at 
detectable levels in the tumour, at least part of the trans- 
ferred DNA can be detected in this manner. DNA frag- 
ments shown to be contiguous by conventional mapping 
procedures may then be tested for homology with tumour 
DNA 

Our data confirm, by an independent experimental 
approach, the presence of a specific part of the Ti plasmid 
in crown gall tumour cells, Also, these data constitute the 
first convincing evidence that DNA of bacterial origin is 
transcribed in demonstrably axenic plant tissue. The possi- 
bility must be considered, however, that the transcribed 
genes in question may ultimately be of plant origin, having 
been picked up by the A. tumefaciens Ti plasmid in the 
course of its evolution. Should this be the case, one might 
expect these genes to remain untranscribed in the bac- 
terium. Experiments are in progress to determine whether 
this is in fact the case. If the same RNA transcripts prove 
to be present in both the bacterial and the crown gall 
tumour cell, an unsuspected degree of compatibility 
between transcriptional processes in eukaryotic and pro- 
karyotic systems will be revealed. 

This research was supported by grant CA13015 from 
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Decreased initiation factor activity 
in mouse L cells treated with interferon 


INHIBITION of virus-directed protein synthesising events in ex- 
tracts of cells treated with interferon has been reported! 
Inhibition of translation of viral mR NAs has been associated with 
a protein bound to ribosomes of cells treated with interferon? $ 
This inhibition may involve the initiation or elongation steps in 
protein synthesis" . Recently. initiation factors for protein syn- 
thesis have been isolated from a variety of eukaryotic cells. and it 
has been established that the initiation factors interact with non- 
lormylated methionyl initiator RNA (Met-tRNA,) and GTP to 
form a ternary complex*”. The experiments presented here show 
that the activity of initiation factor(s) to form a ternary complex 
may be impaired or altered in mouse L cells treated with 
homologous interferon. In preliminary experiments with the 
Inttation factor preparavion it was contirmed that the formation of 
a ternary complex (Met-tRNA, elF GTP) required GTP for 
maximal formation (within 2 min at 37 C) and the amount of 
complex formed was directly proportional to the concentration of 
Initiation factor (Fig. 1). ATP did not substitute for GTP and 
Mg-* inhibited its formation (data not shown) 

When mouse L cells were exposed to (homologous) mouse 
interferon (100 U ml ') for 24 h. the initiation factor activity was 
inhibited about 60", as compared with untreated controls (Fig. 2) 
A similar decrease in the activity followed a 6-h treatment of the 
cells with the same unitage of partially purified mouse interferon 
(specific activity: 10 U mg ' protein). As little as 20 U ml 
mouse interferon resulted in significant inhibition (about 18°,). It 
should be noted that the initiation factor activity of interferon- 
treated cells reached a plateau at a concentration of 90 ug protein 
and the activity gradually decreased at concentrations higher than 
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Fig. 1 GTP requirement for formation of ternary complex by 
imtation factor from mouse L cells. Initiation factor preparation was 
extracted from exponentially growing mouse L cells treated or 
untreated with interferon (about 2x 10° cells). The cells were 
homogenised in 25 ml 10 mM Tris-HCI buffer (pH 7.5) containing 
10 mM KCL S mM MgCl, and 2 mM dithiothreitol. and centrifuged 
for 20 min at 12.000 r.p.m. Ribosomes from this supernatant were 
prepared according to the method of Levin er ul.“ - The ribosomes 
were gently stirred in 8ml 10 mM Tris-HCI (pH 7.5) containing 
0.25 M sucrose. | mM EDTA, 2 mM dithiothreitol dad 0.5 M KC} 
for 60min at 4 C. After centrifugation at 105.000¢ for 3h. the 
supernatant was precipitated with solid ammonium sulphate 
10.36} g ml 1). then re-dissolved in 1.0 ml 10 mM Tris-HCI (pH 7.5). 
containing OLM KCL 2mM dithiothreitol and 5°, glycerol. and 
dialysed against 300 ml of the sume buffer for 4 h. All procedures were 
carried outatO- 4 C. Ratliver Met-tRNA ; as purified from rat liver 
using DEAE-cellulose’? and BD-cellulose!! chromatography suc- 
cessively and then charged with **S-methionine (22.3. CimM ') 
using Met-tRNA synthetase purified from Escherichia coli. In- 
itanon factor acuvity was assayed as follows: each 0.1 ml of the 
reaction mixture contained 40mM Tris-HCI (pH 7.5). 5mM 
dithiothreitol, 0.1} M KCI, 50 pmol *°S-Met-tRNA, (3,500 
¢.p.m. pmol” ') and the amount of initiation factor indicated in the 
text. The solution was mixed.on a vortex mixer before and after the 
addition of initiation factor, then incubated at 37 C for 5 min in the 
presence or absence of 5mM GTP. The complex formation C S- 
Met-tRNAj;.clF.GTP) was determined by dilution with 1.5 ml 
20 mM Tris-HCT (pH 7.5). containing 50 mM KCL 10mM MgCl, 
and 1 mM- piemethiònine and passage through a nitrocellulose 
membrane filler (Millipore. type HA). The filter was washed with four 
additional 2.0-ml aliquots of buffer. After drying. the radioactivity 
associated with the filter was measured. Protein was determined by 
the methods of Bicher!? and Groves es al.. The initiation factor 
from the ribosomes of mouse L cells was prepared and assayed in the 
presence (O) or absence (@) of GTP. The initiation factor prepara- 
ton contains initiation factor(s) and ribosomal components which 
elute from ribosomes and purih in the present conditions. 


130 mg (Fig. 2). No effect was detected when mouse L cells were 
~ teated with 100 U ml! heterologous human leukocyte interferon 
for 24h. The reduction in initiation factor activity induced by 
interferon was prevented by inhibition of cellular RNA synthesis 
with actinomycin D (98°, inhibition of cellular RNA synthesis) or 
by inhibition of cellular protein synthesis with cycloheximide (93°, 
inhibition of cellular protein synthesis) (Fig. 34 and b). Further- 
more, the activity of initiation factor was not inhibited by mouse 


§37 


interferon added directly to the assay reaction mixture, This 
finding is not consistent with the proposal that interferon itself is a 
modified initiation factor'*. 2 
Evidence indicating that the interferon in the prepar ation was. 
responsible for the altered initiation factor activity comes from the. 
above findings that: (a) partially purified interferon (which > 





originated froma different mouse cell source) had the sameeflect as)” 


crude interferon: (b) heterologous human. interferon at levels 
which did not induce antiviral activity in mouse cells had no affect 
on the activity of initiation factor: (c) inhibition of cellular 
synthesis by actinomycin D prevents both the antiviral activity and 





the alteration of initiation factor activity -by interferon: (dj 


inhibition of protein synthesis by cycloheximide blocks both the. 


antiviral activity and the change of initiation factor aai and 






hed initiation factor activity from ite on treated mouse Li 
was consistently and significantly reduced when compared ' 
the initiation factor activity obtained from. control cells. These 
characteristics coincide with those. which are considered tobe. 
specific for interferon! $ 

A preliminary attempt tocompare the physical properties of the 
initiation factor extracted from control and from: interferon- 
treated cells was carried out by studying their heat. stabilities. 
Initiation factor from cells treated and untreated with: interferon 
were incubated at 50 C for the times indicated in Fig. 4. and then 
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Fig. 2 Comparison of initiation factor activity From mouse L cells 
treated and untreated with interferon. Exponentially growing mono- 
layers of mouse L cells were treated with 100 U ml | of either mouse 
interferon (Bionetics Corporation) or human leukocyte interferon 
for the indicated periods in the presence of 2°, foetal calf thymus. 
After treatment of the cells with interferon. they were collected and 
washed with 10mM Tris-HCI (pH 7.5) containing 10 mM KCI 
SmM MgCl, and 2 mM dithiothreitol. The initiation factors from 
the cells were prepared and assayed as described in Fig. 1. Initiation 
factor activity of the cells exposed to mouse interferon (@). human 
interferon (A). or partially purified mouse interferon 100 U mi | for 
6h(@). O. untreated cells. The difference between the average values 
of initiation factor activity from interferon-treated and control cells 
observed in eight different experiments are statistically significant 
(P <0.001 using Student's test). 
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assayed for residual activity. With a little as 15 min of heating, the 
initiation factor from interferon treated cells showed greater 
stability than initiation factor from untreated cells or from cells 
treated with both actinomycin D and interferon. This finding 
suggests that interferon either induces an alteration of the normal 
initiation factor or it induces an inhibitory material which 
combines with and alters the normal factor. The latter possibility is 
consistent with the finding that increasing concentration of 
initiation factor from interferon treated cells results in increasing 
inhibition of activity (Fig. 2). 

Several previous reports have indicated that the translation of 
added viral mRNAs is impaired in a mixture of extracts from 
interferon-treated cells more than that of cellular MR NAs* *. This 
inhibitory effect is thought to be mediated by the induction with 
interferon of anew. cellular antiviral protein which may act by one 
or more mechanisms: impairment of the binding of viral mRNAs 
to ribosomes!®: alteration of the methylation of mRNAs’: 
restriction of the availability of a minor species of tRNA required 
for translauien!*!°: and induction of a nuclease which impairs 
translation?”. The present finding that the initiation factor from 
interferon-treated cells has diminished activity to form a ternary 
complex narrows the possible mechanisms in favour of an effect on 
initiation and will be used in our further studies to help define the 
basis of selective inhibition of viral translation in interferon- 
treated cells. Note that the effect of interferon on activity of 
initiation factor is the earliest event in the sequence of protein 
synthesis which has been shown to be inhibited by interferon. 
Other important questions which merit further study include: (a) 
Can the impairment of initiation factor activity be observed in 
intact cells treated with interferon? (b) Is the degree of inhibition 
of initiation factor activity in cells treated with interferon sufficient 
to account for the reported impairment of the functions of resting. 
rapidly metabolising and tumour cells? (c) Can the decreased 
initiation factor activity be overcome by formylated initiator 
tRNA as has been described for encephalomyocarditis virus 
polypeptide chains®? The latter mechanism may provide a 
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Fig. 3 Effect of actinomycin D and cycloheximide on the impair- 


mentofinitiation factor activity by interferon. e. Activity ofinitiauion 
factor preparation from L cells exposed to partially purified mouse 
interferon 100 U ml |! for 6h (HB). pretreated with actinomycin D 
2g ml} for 60 min. or incubated for 6h in the absence (x) or 
presence (^) of interferon. Untreated cells (Oh A. Activiy of 
initiation factor from L cells exposed to partially purified mouse 
interferon 100 U mi } for 6b UB). pretreated with cycloheximide 
100 pg ml! for 30min. or incubated for 6h in the presence of 
interferon and cycloheximide (Ator in the presence of cycloheximide 
(x). Untreated cells {O}. 
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Fig. 4 Temperature sensitivity of initiation factor activity from 
cells treated and untreated with interferon, Each initiation factor 
preparation (0.5 mg protein) was incubated at 50 C for the indicated 
periods. After heating the initiation factor preparation was tested for 
ability to form a ternary complex. Initiation factor activities from 
cells treated for 6h with partially purified mouse interferon 
100 U ml | (@). and from interferon-treated cells after treatment 
with actinomycin D 2 pg ml ' for 60 min (AA). ©. Untreated cells. 


discrimination between viral mRNAs and host mRNAs at 
initiation level. because the ternary complex formation in euka- 
ryotic system requires Met-tRNA, as described previously”. 
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Nuclear theory 


A Unified Theory of the Nucleus. By 
K. Wildermuth and Y. C Tang. Pp. 
x+389. (Academic London and New 
York, 1977 ) $38 50; £27.35. 





In nuclear theory the essential problem 
1s to reduce the description of a many- 
particle system to manageable propor- 
tions without the introduction of too 
many arbitrary assumptions and with 
the possibility of estimating the effects 
of approximations made. In the unified 
theory of nuclear reactions, particularly 
associated with the name of Feshbach, 
projection operators are used to reduce 
the true many-particle Hamiltonian to 
effective Hamiltonians, which belong 
to subspaces of the total Hilbert space 
but contain the correct asymptotic 
boundary conditions for the final states 
In contrast, Wildermuth and Tang 
propose a theory in which the total 
wavefunction for the many-particle sys- 
tem is represented as a sum of non- 
orthogonal terms each corresponding 
to a final system with the correct 
boundary conditions. Thus, the sub- 
spaces of the total Hilbert space are 
defined through the wavefunction and. 
it is argued, this provides the correct 
asymptotic behaviour for the initia] 
state and all final states. 

The authors apply their approach to 
a variety of bound-state and reaction 
problems. The terms of the wave- 
function each correspond to a possible 
cluster structure of the many-particle 
system, although, as the authors re- 
peatedly stress, it is inappropriate to 
take these cluster structures too liter- 
ally because of the effect of the anti- 
Symmetrisation operator which ex- 
changes particles between the clusters. 
Among the problems discussed are the 
construction of bound-state wave- 
functions and the evaluation of charge 
density distributions, ground-state ener- 
gies and transition probabilities, the 
scattering of light systems at low and 
medium energies, resonance reactions, 
the microscopic formulation of optical 
potentials, and fission. 

This book covers a very wide range 
of nuclear physics and contains some 
Penetrating observations about aspects 
of the theory It is, however, a rather 
frustrating book to read So many 
topics are started and reach a pre- 
mature conclusion with a rather trivial 


reviews 


D. F. Jackson 





example based on a very light system 
such as “Be or ‘Li. There is a useful 
discussion of the generator coordinate 
technique but recent developments in 
the resonating group method and the 
orthogonality condition model are 
ignored The discussion of optical 
potentials for composite particles com- 
pletely ignores extensive work done 
with folding models. The most serious 
weakness of the approach is that, 
although great emphasis is laid on the 


need for correct asymptotic behaviour 
of wavefunctions, all the examples fall 
back on oscillator functions which are 
notoriously incorrect at large separ- 
ation distances. Until the practical 
application of the theory can be ex- 
tended to yield the correct asymptotic 
behaviour the formal theory is unlikely 
to lead to major advance. g 





D. F Jackson is Professor of Physics at 
the University of Surrey, UK 
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Biosynthetic Products for Cancer 
Chemotherapy Vol. 1. By G. R. Pettit. 
Pp. xii+215. (Plenum: New York and 
London, 1977.) $23.40 





THE author states that his main aim 
is “to provide a current overall view 
of the cancer problem and the develop- 
ment of cancer chemotherapeutic drugs 
of biosynthetic origin” If you want a 
reasonably detailed summary of the 
chemical and biological properties of 
the kinds of cytotoxic products which 
have been isolated from plants, micro- 
organisms, marine organisms, reptiles 
and other sources, then this book, from 
p47 on, may supply your needs. 

It is less easy to know for whom 
the whole book was written. The first 
chapter (Introduction and Perspective) 
is the longest (46 pages); in it, the 
author discusses the nature, causation, 
and treatment of cancer with special 
emphasis on the role of the National 
Cancer Institute Such a survey seems 
out of place and belies the title of the 
book Dr Pettit could undoubtedly 
write a useful review or two on 
different aspects of cancer chemo- 
therapy, but not, as here, by trying to 
cram a quart into an inappropriate 
pint pot. 

In his introductory chapter, the 
author refers to the ten or so malignant 
conditions particularly amenable to 
drug treatment, without making it 
clear that these are relatively rare 
cancers. Their control is a commend- 
able achievement, but is only a scratch 
on the surface of the cancer problem 

On the credit side, the author and 
publishers are to be complimented on 
the clear and numerous structural 
formulae. They occupy, however, all 


of 80 pages, leaving only about 75 pages 
of text for the natural products section 
of the book Dr Pettit has succeeded 
in compressing a large amount of 
information into these pages, and the 
comprehensive tabular survey which 
volume 2 will provide, promises to be 
a useful supplement. 

The author’s enthusiasm often comes 
through, insufficiently tempered, per- 
haps, by an acknowledgement of the 
limitations of cancer chemotherapy in 
man at the present time. He clearly 
feels that much more money could 
usefully be spent on the exploration 
of natural products as potential anti- 
tumour agents. He may be right, but 
some of his statements would not find 


universal acceptance. Take, for ex- 
ample, the dogmatic comment on 
p175; “Given sufficient financial 


support and time, the lower animals 
will prove to be a particularly good 
source of unusual and valuable drugs 
for cancer chemotherapy”. Again, the 
author seems to imply (p58) that, with 
sufficient knowledge, one could design 
a single substance effective against 
human cancer in its various forms, a 
view now held by few. 

Such criticism‘ does not invalidate 
the work as a handy reference book on 
a range of naturally occurring cyto- 
toxic compounds, although—if the 
reviewer may now be dogmatic—the 
very great majority of these products 
will never become established as 
clinically useful drugs. One must there- 
fore not take the title of the book 
too literally. J. A. Stock 


J. A. Stock is Senior Lecturer in Chemistry 
at the Chester Beatty Institute of Cancer 
Research, London, UK. 
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Inorganic 

azides 

Energetic Materials Vol. 1: Physics 
and Chemistry of, the Inorganic 


Azides Pp. 503. $59.40. Vol. 2. Tech- 
nology of the Inorganic Azides. Pp. 
296. $90. Edited by H. D. Fair and 
R. F Walker (Plenum: New York and 
London, 1977). 


THESE volumes review recent research 
and development work in the physics, 
chemistry, and technology of the in- 
organic azides. Summarising funda- 
mental advances over the past two 
decades, emphasis is placed on investi- 
gations supported by the United States 
Army through its Office of, the Chief 
of Research and’ Development and its 
Materiel Commiand. The contributing 
authors are, for the most part,» mem- 
bers of the’ Energetic Materials 


Division (formerly Picatinny Arsenal),- 


Armament Research and Development 
Command, New Jersey. 

The wide variation in crystal bond- 
ing characteristics and’ stability ‘of the 
inorganic azides present problems of 
unique imterest in solid state physics 
and chemistry In the reactive state, 
the inorganic azides exhibit a remark- 
able range of reactivities from low 
order. decomposition, deflagration, to 
high order detonation. These ‘proper- 
ties have led to the ‘commercial 
development of azides in a wide field, 
including particularly gas-generating 
devices and explosives, as well as 
photographic emulsions.’ 

One of the central and fundamental 
problems. in the study of'azides lies in 
the development of’ valid’ equations of 
state applicable to the explosive de- 
composition of these materials This 
requires the elucidation of interatomic 
forces from data on vibrational levels 
obtained from crystal spectra. Con- 
siderable success‘ along these lines ob- 
tained with the-solid alkali metal hal- 
ides, using dynamic models, has very 
recently been applied to the inorganic 
azides, using ‘laser Raman and thermal 
neutron spectroscopy. The results of 
these studies have contributed greatly 
to our: understanding of lattice and 
phase transition dynamics in the 
crytalline ‘metal azides. Another im- 


portant area concerns the calculation’ 


of activation energies of decomposi- 
tion, and the correlation of ‘these with 
ground and excited energy levels in the 
azide crystal. i 2. 
These major aspects are reviewed 
comprehensively ’inm Volume '1, which 
deals with ‘azides across the whole 


range of the Periodic Table, with par- 


ticular reference to azide crystals and 
crystal structure; molecular vibrations 
in, lattices; electronic structure of the 


solid state, and all aspects of decom- 
position, initiation and propagation in 
solid metal azides. 

Volume 2 is devoted to the tech- 
nology of those metal azides used in 
detonators, and as such 1s largely con- 
cerned with lead and silver azides. The 
aspects covered compmse manufactur- 
ing techniques and process control; 
analysis of azides, handling and safety; 
sensitiveness and the roles of azides in 
detonating trains. The section on 
electrostatic sensitivity and dielectric 
properties .of lead azide and other 
primary explosives is of great current 
interest The final section on the initia- 
tion of detonating trains by azides, also 
merits: comment. In these situations 
lead azide functions commonly both as 


t 
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acceptor and as donor. These two pro- 
cesses together determine the pulse 
time and shape of the impulse integral 
on which the detonation threshold of 
the secondary charge depends Recent 
high precision data are presented on 
these phenomena 

In conclusion, these volumes offer 
an extremely comprehensive, well- 
documented review of the most. signifi- 
cant aspects of the science and ‘tech- 
nology of the inorganic azides. This 
work will be of inestimable value, par- 
ticularly to thosé concerned with the 
development of mulitary: and com- 
mercial explosives J. H. Turnbull 


J. H. Turnbull is Professor and Head of 
the Chemistry Branch, Royal Military 
College of Science, Shrivenham, UK. 
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Aerosol research 
and technology 


Smoke: Dust and Haze: Fundamentals 
of Aerosol Behaviour By S K. Fried- 
lander. Pp xviit+317. (Wiley New 
York and London, 1977) $19.50; 
£11.35. 





AEROSOL research and technology is, 
like most modern fields of interest, 
complex and interdisciplinary., Whereas 
transport, deposition, collision and 
coagulation are merely governed by 
physical laws, the formation of particles 
is largely a chemical problem Meteoro- 
logical processes such as rain-out, wash- 
out, and boundary layer physics are 
involved as well as engineering aspects 
for the design of sampling and measur- 
ing devices. 


The available literature is. specialised 


on certain aspects of the complex field, 
and there ıs a strong need for a com- 
prehensive presentation especially for 
those who want to get into this field. 
Friedlander’s book is likely to close a 
great deal of this gap. Written as a 
classroom text for graduate-students in 
environmental engineering it mainly 
covers the physical and engineering 
aspects of aerosol behaviour. 

The first third of the book is devoted 
to particle transport and deposition. 
Excellent fundamentals of problems, 
such as diffusion and deposition for 
different flow parameters, filter efficien- 
cies, electrical’ precipitation, inertial 
and turbulent deposition, are given. 

The second third deals with funda- 
mentals of particle generation and 
growth. Collision and.coagulation pro- 
cesses, thermodynamic processes, such 
as condensation, formation and stability 
of droplets and clusters, and a brief 
outline on gas-to-particle conversions, 
are presented. 


In the last part, a general dynamic 
equation for the continuous distribution 
function is set up taking into account 
all processes of particle formation, 
growth, diffusion, coagulation, convec- 
tion, and sedimentation discussed 
before Special cases, in particular the 
dynamics of turbulent stack plumes, 
are discussed and compared with 
observational data. The techniques for 
setting ‘up predictive models for air 
quality-emission source relationship are 
briefly described. 

A short chapter on optical properties 
is confined to light scattering and’ visi- 
bility. For the complete problem of 
radiative transfer the reader is referred 
to the specialist literature. In another 
short chapter on experimental methods, 
descriptions of sampling, filtration, 
particle counters, the cascade impactor, 
devices for chemical analysis, and 
aerosol generators, are given. ‘ 

The book is clearly written and 
beautifully made. At the end of every 
chapter carefully selected examples and 
problems provide excellent applications 
of ‘the; fundamentals treated. Fried- 
lander’ concentrates mainly on the 
physical aspects of aerosol behaviour. 
Important chemical processes such 
as gas-to-particle conversion through 
heterogenous reactions and “meteoro; 
logical aspects of particle transport and 
precipitation are only briefly outlined 
for completeness It would be highly 
desirable to see equally well produced 
books covering the chemical’ and 
meteorological aspects being ‘published. 

This book 1s more than a textbook’ 
for graduate students in environmental 
engineering. It should be on the book- 
shelf of every scientist and engineer 
directly or indirectly involved in aerosol 
research and technology P. Fabian 

+ fe 





P Fabian is Head of the Department -of 
Atmospheric Minor Constituents, Max- 
Planck-Insutut für Aeronomie, Katlen- 
burg-Lindau, West Germany. 
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Molecular weight 
determination 


Molar Mass Measurements in Polymer 
Science. By N. C. Billingham. Pp.254. 
(Kogan Page: London, 1977.) £13.50. 





Discussion of the theories underlying 
molecular weight determinations is 
almost an incidental part of most text- 
books of polymer science. In contrast, 
practical aspects of the various tech- 
niques are most commonly discussed 
in the instruction manuals issued by 
appropriate manufacturers. The author 
of this book has made a highly suc- 
cessful attempt to combine the two 
sources of information into a most 
useful and reasonably concise reference 
text. 

As the title indicates, the book is 
written. with a fairly rigid adherence 
to the SI system of units; molar mass, 
a fundamental unit with dimensions, 
being preferred to the more generally 
used, dimensionless quantity, molecular 
weight. 

In the early part of the book the 
various molar mass averages, and their 
relationships, are discussed as a pre- 
liminary to a most enlightening survey 
of the nature and behaviour of polymer 
molecules in solution. Membrane 
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osmometry, vapour pressure, light scat- 
tering, ultracentrifuge, viscosity, and 
gel permeation chromatography tech- 
niques are fully described in later 
chapters and, for each, there is a dis- 
cussion of both underlying theory and 
practical laboratory procedures. Dif- 
ferent types of instruments supplied by 
various manufacturers are individually 
described and compared, and full 
details of equipment suppliers and a 
list of suitable solvents for most com- 
mon polymers are included as ap- 
pendices. There is also a very short 
discussion of chemical methods for 
assay of endgroups in polymers. 

In total, the contents of this book 
are rather similar to those of two 
edited volumes (Polymer Molecular 
Weights, ed. P. E. Slade, Jr, recently 
published) and indicate the require- 
ment for a convenient reference text of 
this kind. The present single volume, 
however, has the advantages of both 
lower price and a more coordinated 
treatment of the subject. It will be 
valuable to anyone interested in 
polymer characterisation and especially 
to research workers who may be 
abruptly faced with the problems of 
molecular weight determination. 

A. Ledwith 





A. Ledwith is Professor of Chemistry at 
the University of Liverpool, UK. 
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Liquid-state 
chemistry 


Introduction to Liquid State Chemistry. 
By Y. Marcus. Pp. vili+357. (Wiley- 
Interscience: London and New York, 
1977.) £12.50; $24.00. 

Liquip-sTaTE PHYSICS is a flourishing 
branch of science which has. been res 
viewed recently in several good books. 
The liquids discussed were those whose . 
structure is the most easily determined, 
and whose properties provide the most 
direct test of physical theories; argon is 
the archetype. Professor Marcus has a 
different aim-——-to give an account of 
the equilibrium properties and. struc- 
ture of those liquids that are of more 
concern to the chemist. “Crude petrol- 
eum, sea water, aqueous. acetone. and 
molten cryolite” are his examples. 

Before tackling his main subject; he 
rightly supposes that his reader: will 
need first to know something of the 
physics of simple liquids and their mix- 
tures, and so the first half of his book is 
essentially liquid-state physics. Un- 
fortunately, 160 pages is too small a 
space for this to be anything but a 
string of theories, models, approxima- 
tions, and references. Those familiar 
with the field might wish that he had 
been more critical in his choice of 
material; those who are not, will 
probably gain little but a list of refer- 
ences and useful tables, since the text 
is not only too condensed but abounds 
with errors and examples of misplaced 
emphasis, 

The second half of the book covers 
his main interest; there are chapters on 
mixtures of molecular liquids, solutions 
of electrolytes, molten salt mixtures, 
and mixtures of liquid metals. Here, 
the level of rigour. of the physics is 
necessarily lower than in the: earlier 
chapters; often a well chosen: correla- 
tion of physical properties is. more 
valuable than a neat trick with the 
grand partition function. Chemists who 
work with liquids will welcome the last 
four chapters, with their extensive 
tables and full references, 

The units of the book are said to SI, 
but this system implies not only the use 
of metres, kilogrammes, seconds, and 
so on, but also the use of the rational- 
ised electromagnetic system. Unfor- 
tunately, the author has married the 
sizes of the units of the SI with equa- 
tions of the unrationalised electro- 
static system, so that we have, for ex- 
ample, a polarisability in m* mol”. 
This combination will probably con- 
fuse students reared on the Systéme 
International, and not only on its units. 

J. S. Rowlinson. 








J. S. Rowlinson is Professor of Chemistry 
at the University of Oxford, UK. 
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Precambrian 
formations 


Precambrian of the Northern Hemis- 
phere. By L. J. Salop. Pp.ix+378. 
(Elsevier Scientific: Amsterdam, New 
York and Oxford, 1977.) Dfl.145; 
$59.25. 





Tuts book provides an “inter-regional 
correlation of Precambrian forma- 
tions’, the subdivisions of which are 
based on the “natural stages in the 
earth’s evolution’. Essentially the 
book is a correlated list of the Pre- 
cambrian formations of the northern 
hemisphere. 

Three introductory chapters are 
largely concerned with methods and 
principles of correlation and sub- 
division, and the two final chapters 
review briefly the major features of 
geological evolution during the Pre- 
cambrian (tectonic models and plate 
tectonics are avoided). The six main 
chapters list the principal rock groups 
in Salop’s six subdivisions, as follows: 
(1) The Archaean era includes all 
rocks formed more than 3500 Myr 
ago (largely gneisses and granulites). 
(2) The Paleoprotozoic (“‘Protozoic” is 
Salop’s new term) (3500-2600 Myr) 
which concerns the well-known green- 
stone belts. (3) The Mesoprotozoic 
(2600-1900 Myr) including geosyn- 
clines like Krivoi Rog, the Huronian 
and the Labrador Trough. (4) The 
Neoprotozoic (1900-1000 Myr) which 
deals wtih clastics and red beds in 
platforms and aulacogens (for exemple, 
Gardar and Keweenawan) and the 
gabbro~anorthosite-rapakivi granite- 
alkali syenite complexes. (5) The Epi- 
protozoic (1000-650 Myr) including 
platform and miogeosynclinal, mostly 
terrigenous (especially red bed) facies 
and the prominent tillites (for example, 
lower Dalradian, upper Briovarian). 
(6) The Eocambrian (650-570 Myr), 
dealing with platform clastics and the 
Ediacara fauna. 

There are about 800 references, at 
least half of which relate to the USSR 
and China, but most date from the 
1960s. A disappointing aspect of the 
book is the paucity of figures—only 36 
with an additional four tables. Two 





Erratum 

© In the review of Spectrochemical 
Analysis of Pure Substances (Nature, 11 
August, 268, 572, 1977) the publisher was 
incorrectly quoted. This should have 
read: Adam Hilger: Bristol; Crane, 
Russak: New York. 





very useful charts in a back pocket 
correlate formations in 78 regions 
across North America and Greenland, 
and 78 across north-western Europe 
and the USSR (Britain is missing); 
and a large table gives a synopsis 
of all aspects of geological evolution. 

Salop is very much better on the 
younger than the older Precambrian— 
in fact, his interpretations of some 
Archaean formations will raise many 
eyebrows. All gneissic-granulite areas 
have to be Archaean and their strati- 
graphy is sedimentary (V. R. Mc- 
Gregor’s tectonic intercalations are not 
considered). Isochrons are said to in- 
dicate “rejuvenated” ages dating the 
period of late recrystallisation. Thus, 
the Fiskenaesset complex, the Scourian 
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and the Moldanubian are considered 
to have “formed” more than 3500 Myr 
ago, but the Isua supracrustals are in- 
cluded in the Paleoprotozoic. Salop’s 
classification is so rigid that it does 
not allow greenstone belts to form in 
one region while high-grade gneisses 
are forming in another. 

The book provides, however, for the 
first time in English a very valuable 
correlation of the main formations and 
rock groups throughout the USSR and 
China with those “in the west”. This 
is its main contribution. 

B. Windley 


B. Windley is Reader in Geology at the 
University of Leicester, UK. 





Modern 
knowledge 


es 
of cyclic 
nucleotides 
Cyclic Nucleotides in the Nervous 
System. By John Daly. Pp.401. 
(Plenum: New York and London, 


1977.) $39. 





One of the first papers from Earl 
Sutherland’s laboratory about the new 
nucleotide, cyclic AMP, included obser- 
vations on the distribution in mamma- 
lian tissues of adenylate cyclase, the 
enzyme responsible for its synthesis. 
The highest concentration was found 
in the brain. Thus, it was clear from 
the start that Sutherland’s epoch- 
making discovery would figure promi- 
nently in neurobiology. Development 
of the significance of this observation 
was initially due to Sutherland’s co- 
worker, T. W. Rall, who observed that 
in the nervous system cyclic AMP 
functions as second messenger not to 
hormones circulating in the blood 
stream, but to certain neurotransmit- 
ters. Rall’s work may be said to have 
set the stage for the tremendous expan- 
sion in the literature on cyclic nucleo- 


tides in the nervous system so 
extensively documented in John Daly’s 
monograph. 


Dr Daly’s book is entirely orientated 
to the nervous system: no concessions 
are made to the general reader utn- 
familiar with the background to the 
subject. After a cursory introduction of 
no more than two pages, he launches 
into the first of three long chapters, 
entitled “Enzymatic Formation, Degra- 
dation and Action of Cyclic Nucleo- 
tides”. This deals mainly with the pro- 


perties and distribution of adenylate 
and guanylate cyclases and phospho- 
diesterases in brain, ganglia and cell 
cultures, together with a description 
of enzyme systems concerned in the 
cyclic AMP-dependent phosphoryla- 
tion and dephosphorylation of tissue 
proteins. Next comes an extensive 
account of the in vitro accumulation 
of cyclic nucleotides in cell-containing 
preparations of brain, ganglia and other 
cells of neural or glial origin. The 
detail here is exemplary, reflecting the 
author’s personal research interests. 
The final chapter deals with “‘Func- 
tional Roles for Cyclic Nucleotides in 
the Nervous System”. Understandably 
at this stage of our knowledge it con- 
centrates on actions and effects rather 
than the physiological functions, of 
which Dr Daly would be the first to 
recognise very little is known at 
present. 

The book should prove an excellent 
text for researchers about to enter or 
already working in the field. It con- 
tains over 1.300 references and 1s 
written in a straightforward style that 
expounds facts and eschews specula- 
tion. Such an approach does not always 
make for easy reading, especially since 
very little effort is made to summarise 
or synthesise the mass of information, 
or indeed critically assess its relative 
importance. This leads to some repeti- 
tion and the occasional uncritical 
citation of dubious work. Dr Daly’s 
book is therefore about the ‘trees’ 
rather than the ‘wood’ but is never- 
theless invaluable as an exhaustive 
source of up-to-date information on 
modern knowledge of cyclic nucleotides 
in the nervous system. 

R. Rodnight 





R. Rodnight is Professor of Neuro- 
chemistry at the Institute of Psychiatry, 
London, UK. 
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Lord Adrian, 1889-1977 





Lorp Aprian disliked his christian 
names, Edgar Douglas, and was invari- 
ably known to his family and friends 
as Adrian; he will be called Adrian in 
this article which is concerned mainly 
with his scientific work, and particularly 
with the events which led up to the 
discoveries described in his first two 
books The Basis of Sensation (1928) 
and The Mechanism of Nervous Action 
(1932). 

In order to understand the full extent 
of Adrian's contribution to science and 
medicine we must first consider the 
changes which have come over physi- 
ology since he started work with Keith 
Lucas in the Physiological Laboratory 
at Cambridge in 1911. It is easy to 
appreciate the effect of the develop- 
ment of electronic equipment for, as 
Adrian himself once said, ‘The history 
of electrophysiology has been decided 
by the history of electric recording 
instruments”. But there have also been 
overwhelming changes in ideas and 
these are harder to take in. for, as 
historians of science know only too 
well, it is extraordinarily difficult to put 
ourselves in the position of our scien- 
tific ancestors who did not accept some 
scientific law or principle of nature that 
we now regard as self-evident. 

One must. for example, remember 
that although Bowditch established the 
all-or-nothing law for heart muscle in 
1871. in 1911 it was still uncertain 
whether the same law applied to nerve 
The work which Adrian did before 
1914 helped to show that in a single 
nerve fibre the size of the impulse is 
independent of the strength of the 
stimulus, provided the latter is large 
enough to evoke a response: it also 
removed some of the difficulties which 
had persuaded scientists as perceptive 
as Max Cremer or F. Hofmann of the 


Opposite 
Then there was a complete muddle 
about the contraction of skeletal 


muscle and it was widely held that the 
quick and slow movements of volun- 
tary muscle were brought about by 
different contractile mechanisms acti- 
vated by two types of nerve fibre. or 
even by two forms of nerve impulse. 
This situation was not cleared up until 
Adrian and Bronk carried out their 
famous experiments in the late 1920s 
Adrian, who was not at all fussy 
about laboratory accommodation, has 


Douglas Glass 


given an entertaining description about 
life in the old Physiological Laboratory 
at the time when he started work there 
“In those days the Cambridge School 
of Physiology was at the height of its 
fame. It was housed deplorably, judged 
by modern standards, and run so econ- 


that there was no mechanic 
and no common stock of tools or 
apparatus, The research rooms were 
barely rooms at all. Keith Lucas was 
lucky to have a small cellar all to him- 
self. It was approached through a larger 
cellar which housed A. V. Hill and 
many cages of rats on which Hopkins 
was Carrying out his classical work on 
the vitamins. A side door led to a dark 
chamber in which all the frogs were 
kept and beyond this was the centrifuge 
driven by a large gas engine of obsolete 
design which shook the building and 
added the smell of warm oil and half- 
burnt gas to that of frog and rat: up- 
Stairs worked Barcroft. Mines, [W. B.] 
Hardy. Anderson, Fletcher. Langley. to 
name only those who were in perma- 
nent occupation, and their accommo- 
dation was little better.” 

In 1913 Adrian wrote a thesis on 
The conduction of the impulse in the 
nerve fibre which won him a Fellow- 
ship at Trinity College, of which he was 
later to become Master (1951-1965). 


omically 





In July 1914 Adrian went to St 
Bartholomew's Hospital where he 
qualified in record time, just over a 
year; he then worked on nerve injuries 
and shell shock, first at Queen Square 
and later at the Connaught Military 
Hospital at Aldershot where he re- 
mained to the end of the war in spite 
of strenuous efforts to get to France. 

There are several interesting papers 
of a clinical nature from this period, 
but much the most remarkable is one 
published in 1917 in the Lancet with 
L. R. Yealland on the treatment of 
some common war neuroses. The paper 
describes a highly successful method of 
dealing with hysterical paralysis, which 
the authors applied with at least 95% 
success to more than 250 cases, in- 
cluding all the common hysterical dis- 
orders such as mutism, deafness, 
paralysis of limbs and so on. No great 
originality was claimed for the method 
which depended on persuasion and 
Suggestion, usually employing electrical 
stimulation to evoke sensation or move- 
ment, but it is evident that the authors 
applied the method with much in- 
genuity and understanding of human 
nature. The article is also remarkable 
for sympathetic references to psycho- 
analysis which bear witness to the width 
of Adrian's interests, as does the manu- 
script of an unpublished lecture 
‘Freud without tears’ given in 1919. 

After the war, Adrian continued for 
several years with analytical electro- 
physiology of the type which he had 
started with Keith Lucas (who was 
killed in an aeroplane accident in 
1916). But about 1925 he began to use 
valve amplifiers and made what in the 
jargon of today (which Adrian de- 
tested) would be called a break-through. 

The transformation is best described 
in his own words, “Alexander Forbes 
had been working with me in Cam- 
bridge and I had learned a great deal 
from him about string galvanometers 
and about mammalian preparations, 
but the experiments I had started be- 
came more and more unprofitable. You 
know the sort of thing that happens— 
they became more and more compli- 
cated and the evidence more indirect. 
and after a time it was quite clear that 
I was getting nowhere at all.’™ 

Adrian then describes how he had 
built a 3-stage valve amplifier to the 
design given, him by Gasser and had 
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connected it up to a capillary- 
electrometer recording from the sciatic 
nerve of a nerve-muscle preparation 
He was distressed by a rapid electrical 
oscillation which appeared whenever 
the muscle was hanging down freely 
and disappeared when it was supported 
Then “The * explanation suddenly 
dawned on me, and that was a time 
when I was very pleased indeed. A 
stretched muscle, a muscle hanging 
under its own weight, ought, if you 
come to think of it, to be sending 
sensory impulses up the nerves coming 
from the muscle spindles, signalling the 
stretch on the muscle When you relax 
the stretched muscle, when you support 
it, those impulses ought to cease. 

“I don’t think it took more than an 
hour or so to show that that was what 
the little oscillations were. I was able 
to make photographic records of 
them, and within about a week I was 
nearly certain that many of these oscil- 
lations were action potentials coming 
up sensory fibres in the nerve, and what 
was more, that many of them came 
from single nerve fibres and that by 
some extension of the technique it 
ought to be possible to find out exactly 
what was happening in single nerve 
fibres when the sense organs attached 
to them were stimulated 

“That particular day’s work, I think, 
had all the elements that one could 
wish for The new apparatus seemed to 
be misbehaving very badly indeed, and 
I suddenly found that it was behaving 
so well that 1t was opening up an entire 
new range of data. ld been bogged 
down in a seres of very unprofitable 
experiments and here suddenly was the 
prospect of getting direct evidence 
instead of indirect, and direct evidence 
about all sorts of problems which I had 
set aside as outside the range of the 
techniques that one could use The 
other point about it was that, as I said, 
it didn’t involve any particular hard 
work, or any particular intelligence on 
my part It was one of those things 
which sometimes just happens in a 
laboratory if you stick apparatus 
together and see what results you get.” 

The comment that one wants to 
make about the last sentence is that 
when most people stick apparatus 
together and look around they do not 
make discoveries of the same import- 
ance as those of Adrian. 

The initial advance made by Adrian 
was rapidly followed by three important 
papers with Zotterman which showed 
beyond doubt that the nerve impulse 
was invariant, that the intensity of 
sensation was conveyed by the fre- 
quency of nerve impulses and the 
quality by the type of nerve fibre in 
action Another very important point 
is that adaptation to a steady stimulus 
takes place peripherally and that some 


sense organs, like those concerned with 
touch, are rapidly adapting, whereas 
others like muscle spindles are slowly 
adapting 

These early experiments on sense 
organs are beautifully described in The 
Basis of Sensation which is wntten in 
such simple and elegant language that 
it is difficult for a student of today to 
appreciate the novelty and importance 
of what 1s being said. 

At about this time Adrian’s small 
group was joined by B. H C (now Sir 
Bryan) Matthews who followed up 
Adrian and Zotterman’s work in two 
classical papers on muscle spindles. 
Matthews also introduced the oscillo- 
scope which bears his name and which 
proved extremely suitable for the type 
of work done by Adrian and his school. 
Later Adrian and B H. C Matthews 
collaborated in important studies of the 
Berger rhythm and on the interpreta- 
tion of potential waves in the cortex; 
these papers laid the foundation of 
modern work on electroencephalogra- 
phy in man. 

Other famous collaborative papers 
from the period 1926-1944 were those 
with Rachel Matthews on the action of 
light on the eye, with Bronk on the 
discharge of impulses in motor nerve 
fibres and with Moruzzi on the motor 
cortex and pyramidal tract The paper 
with Bronk cleared up the long- 
standing puzzle of the origin of ‘tonus’ 
in mammalian skeletal muscle by show- 
ing that during weak discharges moto- 
neurones fire at slow rates, ten per 
second or so, giving an incomplete 
tetanus in individual motor units but a 
smooth movement of the whole muscle 
because the discharges are not syn- 
chronised 

In 1937 Adrian who had previously 
held a Foulerton Research Professor- 
ship of the Royal Society, succeeded 
Sir Joseph Barcroft as Head of the 
Department of Physiology, a post 
which required much teaching and 
administration and which he held until 
195! when he became Master of 
Trinity. 

In addition, Adrian was President of 
the Royal Society from 1950-1955, of 
the British Association in 1954 and of 
the Royal Society of Medicine from 
1960-1961, Chancellor of Leicester 
University from 1957-1971, Vice- 
Chancellor of Cambridge from 1957— 
1959 and Chancellor of Cambridge 
from 1968-1976. 

Adrian shared the Nobel Prize with 
C S Sherrington in 1932, was awarded 
the Order of Merit in 1942 and re- 
ceived a host of other honours which 
testify to the esteem in which he was 
held throughout the world; he was 
made a peer in 1955. He was a superb 
lecturer and after-dinner speaker and 
was much in demand in both capacities; 
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in addition he served on several time- 
consuming and important committees 
such as the Medical Research Council, 
the University Grants Committee and 
the Chemical Board. 

After contemplating the list of posi- 
tions held by Adrian from 1937 on- 
wards one might be forgiven for 
thinking that he had little time for 
research ın the Laboratory, or at least 
that he would be forced to rely mainly 
on help from colleagues This was very 
far from the truth From 1937 till 1959 
Adrian was constantly in the Labora- 
tory and published a number of ex- 
cellent papers dealing with subjects as 
diverse as hearing, the sense of smell, 
vision, the cortex and the thalamus, 
and using animals as large as a pig or a 
Shetland pony or as unusual in a 
physiological laboratory as an alligator 
or a hedgehog Much of this work was 
done alone, Adrian’s custom being to 
dispense with the help of his faithful 
assistant Hatton as soon as the animal 
was anaesthetised and a single pair of 
hands could cope 

Edgar Douglas Adrian was born on 
30 November 1889. He read classics 
at Westminster School and became 
interested in philosophy, partly at least 
through his friendship with C. D. 
Broad This interest can be seen in all 
three of his books but most strikingly 
in The physical basis of perception 
which skates round the problems of 
mind, brain and consciousness in a 
most engaging manner The book also 
contains a fascinating summary of the 
experiments which he carried out dur- 
ing the latter part of his scientific life. 

In 1923 Adrian married Hester 
Pinsent who later became famous for 
her work on mental health: she died 
in 1967 to the sorrow of a wide circle 
of friends Adrian relied greatly on her 
enterprise and ability and there is no 
doubt that she made an important 
if direct contribution to his scien- 
tific achievements. They thad three 
children; Mrs Anne Keynes, Mrs 
Jennet Campbell and Richard Hume 
Adrian, FRS who succeeds to his 
father’s title. 

After Hester’s death, Adrian re- 
turned to Trinity, the College which 
he loved so well, to live in a beautiful 
set of rooms in the corner of Nevile’s 
Court Until failing health intervened, 
it was his custom to entertain scholars 
and many other undergraduates to 
lunch or dinner about once a week He 
remained in Trinity until a few weeks 
before his death in the Evelyn Nursing 
Home at the age of 87 on 4 August 
1977. A. L. Hodgkin 


1! The Mechanitm of Nervous Action, 2 (Oxford 
University Press, 1932) 
2 From Adrian’s chapter in the account of Keith 


Lucas published In 1934 (W Heffer Cam- 
bridge), 90-91 
1 Memorable experiences in research by E D 


Adrian and others. (Diabetes, 3, 17-27, 1954). 
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newly on the market 





These descriptions are prepared by the 
staff of Nature on the basis of material 
provided by manufacturers, The Reader 
Enquiry Card faces the inside front cover. 


Peristaltic pumps. ChemLab. Models 
CPPISSB and CPP30SB for continuous 
flow analysis incorporate a ‘standby’ 
facility which enables the pump to be 
set to operate for 1s every 15s. This 
gives a minimal flow of liquid to main- 
tain a continuous flow system in readi- 
ness for operation but avoids wasting 
reagents with the pump running at 
full speed while analyses are not 
actually being carried out. As soon as 
samples are ready for processing, the 
‘normal’ button on the pump can be 
pressed and the peristaltic pump then 
operates continuously at its standard 
speed. 

Circle No. 42 on Reader Enquiry Card. 


Digital thermometer. Markson. A new 
digital thermometer which combines 
the convenience of battery operation, 
portability and laboratory accuracy has 
a selection of thermistor-type probes 
which permit a variety of laboratory 
application such as oesophageal, rectal, 
skin, and oral temperatures as well as 
water bath, incubator, cuvette, and 
air surface determinations. The 3-digit 
instrument offers a measurement range 
from —30°C to +100°C in two 
stages. 

Circle No. 43 on Reader Enquiry Card. 


Miniature welding torch. British Roto- 
therm. A precision engineered minia- 
ture welding torch. The Little Torch 
is not much larger than a fountain 
pen yet has the capabilities of more 
conventional welding equipment while 
having a considerably higher degree 
of accuracy. With tip orifice sizes 
as small as 0.003 inch, which are 
jewelled for precise flame control, 
and the ability to achieve flame 
temperatures up to 6,300 °F, it is cap- 
able of welding the majority of ‘weld- 
able’ metals and alloys ranging from 
0.001 inch wire to 16 gauge sheet 
Also, it can be successfully used for 
welding many other materials including 
glass and ceramics. 

Circle No. 44 on Reader Enquiry Card. 


Microbiological Flow Calorimeter. 
LKB. This instrument provides non- 
destructive, continuous, direct moni- 
toring of processes in micro-organisms 
in the conditions found in a culture 
vessel. Microorganisms are pumped 
continuously from the culture vessel 
through the microcalorimeter’s flow- 
through cell. Because of the high 
sensitivity of the detection method 
(requires only 10°-10° cells per ml), re- 
actions can be assayed directly: only 
the microorganism and ist substrate(s) 
are required. Microorganisms are un- 
changed by the assay, and can thus 
be returned to the culture vessel or 
used for further assays. 

Circle No. 45 on Reader Enquiry Card. 





LKB Microbiological 


Flow Calorimeter 


Portable flocculator. Voss. This port- 
able flocculator measures 52 cm X 33 cm 
x18cm, is lightweight and can be 
carried easily. When the case is 
opened it acts as a base for the floccu- 
lator. It consists of a 4-bank stirring 
unit with flat propeller blades 60 mm x 
25mm. The diameter of the stirrer 
shafts is 6.3 mm and the centre between 
paddles is 10cm. When paddles are 
withdrawn there is a clear height from 
base to underside of paddle of 15 cm. 
The stirrers are driven by a geared 
motor at speeds between 25 and 
250 r.p.m. A thyristor control enables 
fine speed control. 

Circle No. 46 on Reader Enquiry Card. 


Replica plating set. Embio Equipment. 
A labour-saving equipment for the 
replica plating technique has now been 
developed which uses glass beads, a 
picking device, a bead sieve and a new 
type of replicator. A sterile glass bead 
is sucked by vacuum on to the tip of 
the picking device, by covering a hole 
in the device with a finger. The bead, so 
held, is dipped into a bacterial colony 
and immediately transferred to a hole 
in the sieve, which is in position on a 
nutrient agar plate. The glass bead is 
left in the sieve and the procedure is 
repeated with another glass bead. The 
bead sieve can accommodate up to 100 
beads on a single 9-cm plate. The bac- 
teria-carrying beads are thus inoculat- 
ing the plate. The beads and the sieve 
are then easily removed from this plate. 
Additional replicates of the colonies 
that appear on this master plate after 
incubation can be made by using the 
replicator. Twenty successive replicas 
are easily obtained. 

Circle No. 47 on Reader Enquiry Card. 


Digital film thickness monitor. Nano- 
tech. Many vacuum deposition processes 
require the control and indication of 
increasing film thickness during the 
deposition cycle. The model NQC1 is 
an economical instrument for this 
purpose. The deposited film thickness is 
read directly on a 4 digit LED display, 
a thumbwheel switch allows the density 
of the material being deposited to be 
entered to ensure the correct thickness 
reading using any deposition material. 
The thickness of the deposited material 
is measured by the alteration in the 
resonant frequency of a quartz crystal 
located close to the material being 
coated. The maximum thickness that 
can be measured before replacing the 
crystal is equivalent to 124m of 
aluminium or proportionately less for 
more dense materials. Alternative con- 
figurations of crystal holder are avail- 
able to suit different applications. These 
include water cooled sensors for high 
temperature ambients, also special filter 
arrangements to extend the quartz 
crystal life in high rate deposition pro- 
cesses such as Ton Plating. 

Circle No. 48 on Reader Enquiry Card. 
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Plasma etching unit for electron micro- 
scopy. Nanotech. The Plasmaprep 100 
includes a Pyrex chamber 150 mmx 
100mm diameter which is externally 
excited by a variable supply of up to 
100 W RF power. Access to the cham- 
ber is gained by a vacuum sealed hinged 
door, the pressure inside the process 
chamber is controlled by a gas inlet 
needle valve with associated flow meter. 
The chamber is evacuated by a rotary 
vacuum pump to a normal working 
pressure in the 0.5 to 1.0 torr region. 
Control of the etching process is sim- 
plified as the equipment is semi- 
automated; when the chamber has been 
evacuated the RF power can be varied 
and tuned to match the chamber pres- 
sure and loading. The choice of reagent 
gas dictates the reaction with the speci- 
men; typical gases used are oxygen, 
hydrogen and fluorinated and chlorin- 
ated hydrocarbons. Reaction products 
are removed in the gas stream. 

Circle No. 49 on Reader Enquiry Card. 





Nanotech plasma etching unit 


X-ray generator. 
Marconi-Elliott. The new rotating 
anode X-ray generator operates at 
currents up to 300mA at 50kV ona 
focus of 0.5 mm. This new high power 
(15mA kW) generator greatly extends 
the field of application and brings the 
advantage of short counting and expo- 
sure times as well as focal spot sizes 
down to 0.1 mm to all crystallographers 
in both research and industrial labora- 
tories. It is the first X-ray diffraction 
equipment to comply in every way with 
the forthcoming statutory safety regu- 
lations under the Health and Safety 
Act. The GX21 generator has been 
specially designed to prevent the oc- 
currence of any accidental exposure 
of personnel to a significant level of 
dangerous radiation. A transparent 
radiation shield can be provided to pro- 
tect the operator from hazards from 
all diffraction instruments which are 
not themselves shielded. 

Circle No. 50 on Reader Enquiry Card. 


Rotating anode 


Disposable filter units. Variable Volu- 
metrics. Completely disposable minia- 
ture liquid and gas filters, Balston 
Microfibre Disposable Filter Units are 


specially packaged for laboratory use in 
boxes of five filters each and are avail- 
able in a range of filtration grades 
which make them suitable for such 
laboratory functions as filtration of re- 
agents and samples to liquid or gas 
analysers, filtration of liquids fed to 
liquid chromatographic columns, filtra- 
tion of precious metal solutions without 
danger of leakage, sterilisation of 
compressed air and other gases, and 
complete removal of oil, dirt and water 
from compressed air and other gases. 
The units are also ideal for use as vent 
filters on microbiological reactors to 
prevent loss or escape of microorga- 
nisms. 

Circle No. 51 on Reader Enquiry Card. 


Industrial conductivity transmitter. 
Philips. The PW 9521, can be used with 
the Philips PW 9570 flow cell to provide 
accurate conductivity measurement 
even when the monitoring electrodes 
become contaminated. Designed for 
flow line applications, the PW 9521 
automatically compensates for contami- 
nation caused by impurities such as 
oils, fats and emulsions and eliminates 
polarisation effects, making possible re- 
liable long term measurements with 
greatly reduced maintenance. When 
used with a platinum or nickel resist- 
ance thermometer, the PW 9521 can be 
adjusted to provide automatic tempera- 
ture compensation for a wide variety 
of solutions with differing temperature 
characteristics. The PW 9521 can ac- 
commodate measurements from 1 ms 
cm! full scale to 1,000 mscm`' full 
scale; the conductivity range being con- 
verted to a 0-20 mA or 4-20 mA signal, 
providing standard inputs to associated 
monitoring or control systems. 

Circle No. 52 on Reader Enquiry Card. 


Refrigerated bench top centrifuge. 
MSE. The Chilspin centrifuge has a 
refrigeration unit built in and although 
designed as a bench top model it is 
easily converted to a floor-standing unit. 
Chilspin has a maximum speed of 6,100 
r.p.m. (6,030g), and four rotors with 
trunnion carriers and adaptors provide 
the versatility needed beyond the 
standard swing-out capacity of 4X 100 
ml, 850ml or 1615 ml. Controls 
include a temperature regulator from 
+5 to 15 °C, speed indicator, automatic 
timer and electric brake. Chilspin com- 
plies with latest international safety 
requirements including a positive lid 
lock, high grade steel guard ring and 
a hydraulic lid stay. 

Circle No. 53 on Reader Enquiry Card. 


Column packer. Micromeritics. One of 
the major recurring costs to the user 
of liquid chromatographs is column 
replacement and packing. The Model 
705 stirred-slurry column with micro- 
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particle materials. The pumping unit 
of any HPLC system can be readily 
adapted to pressurise the Column 
Packer which is best used at 6,000 p.s.i. 
In the 705 the packing material is 
dispersed in a suitable liquid and then 
stirred vigorously while being fed into 
the column. The continuous stirring 
ensures that a continual homogenous 
suspension is fed into the column. The 
technique is simple and fast and it 
takes about 30min to pack a 4mm 
i.d.X25cm column with 10m silica 
gel. 

Circle No. 54 on Reader Enquiry Card. 





Beckman analyser 


Glucose and B.U.N. analysers. Beck- 
man. The Glucose Analyser 2 and 
BUN Analyser 2 incorporate clinically 
proven methodologies and advanced 
circuitry for easier, faster, clinical 
determination of glucose or blood urea 
nitrogen. Both instruments are simpli- 
fied to one-step operation. After cali- 
bration the operator injects a 10 ul 
sample, which automatically initiates 
analysis. In 15s the reading in mg dI"' 
or mm1™ is indicated on the digital 
display. Three pumps assure fresh 
reagent in exact measure. A drain 
pump empties the sample cup, a fill 
pump refills it with fresh reagent, and 
a sip pump removes excess fluid until 
the precise amount remains. Lights on 
the control panel indicate when to 
sample and when to read. Instrument 
chemistries are clinically proven and 
accepted. The Glucose 2 is based on the 
oxygen rate method; the BUN 2 uses 
the conductivity rate method. Both 
instruments provide answers in 15s, 
an advantage in STAT and routine 
laboratories. Routine output is up to 
67 determinations per hour. The 10 ul 
sample requirement is a further advan- 
tage. 

Circle No. 55 on Reader Enquiry Card. 


Automatic wow and flutter meter. 
B & K Laboratories Ltd. The 6203 is a 
small, easy to use but accurate instru- 
ment using analogue and digital tech- 
niques to measure peak flutter and 
drift in sound recording and reproduc- 
tion equipment. It will measure flutter 
and drift down to 0.001% and 0,01", 
peak respectively. 

Circle No. 56 on Reader Enquiry Card. 
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: f cientists in public 


„JT is traditional for scientists to return to Europe from 
© visits to the United States with their batteries recharged 
-and a whole host of new ideas picked up in haste to be 
tried out at leisure. And it is equally traditional for those 
first few days after re-entry to be days of frustration, 
with limited funds, petty bureaucracy and inferior tele- 
phones. Gradually, however, there occurs a readjust- 
ment to the Old. World and its range of values, almost 
‘like a shift of cultural Circadian rhythms. And the 
British can console themselves with the often-heard 
assertion that we may not have the greatest industrial 
vigour in the world, or a very significant growth in Gross 
National Product, but when it comes to the arts and 
_ Sciences there are immense riches, and these are con- 
-tinually being fed by bright youngsters who, by some 
` pleasing quirk of genetics or environment, seem to 
keep on coming in their droves. 

Now much. of this may well be true, although 
certainly as far as the sciences are concerned lack of 
industrial vigour is leading to a lack of new opportun- 
ities for young people to use their talents, which in a 
very short time could lead to young British scientific 
talent being famed mostly through..its widespread 
presence in the laboratories of other countries. But one 
area in which the trans-Atlantic traveller certainly 
ought to notice that the United Kingdom is already 
painfully lacking in comparison with the United States 
is in the matter of the scientist and public life. It is not 
just that science has a more visible role to play in the 
United States, although this is undoubtedly true of a 
country with a vigorous space programme, a highly 
technologised military, serious energy problems, a com- 
mitment to the latest in telecommunications, micro- 
processors and so on. This inevitably ‘means a wide, 
mature exposure for science in the media, with all the 
concomitant benefits. But it is also that the individual 
scientist is welcomed much more openly and equally 


into the discussion of public affairs and is expected not 


«just to make specialist inputs appropriate to his or her 

< discipline, but also to be the broad and balanced per- 

son that in Britain the arts graduate is expected to be. 
This phenomenon not only occurs through the 


existence of the in-and-outer in the higher ranks of 


public service in Washington—a category, incidentally, 
which will probably diminish as President Carter’s 
campaign for purity on conflict-of-interest bites more 


deeply. It is to be seen also in the proliferation of quasi- 
governmental and private institutions around the nation 
devoted to public policy, which think it entirely natural 
to hire—and fire—scientists in numbers. It is certain ` 
that amongst them are going to be many who will just 


conform to the seedy wheeler-dealer image. But the — an 


system has thrown up and will continue to. throw up 
many scientists who acquire a grasp of generalities and 
an overall profundity rarely to be seen in British circles. 

Now many scientists on both sides of the Atlantic 
undeniably want, and should be granted the right to 
stay perfectly happily out of the public eye, getting on | 
with their research. But as science and society cross . 
each others paths more and more, society ought to be 
asking a growing number of scientists to abandon their 
specialisations, even temporarily, and to worry about 
broader issues. 

We have, of course, in Britain an excellent and highly 
professional civil service, and it performs many func- 
tions admirably in the matters’of science and public 
policy. But we pay a price for its very professionalism 
and that is a resistance to outside pressures. And with 
negligible movement into or out of the service either by 
administrators or ‘professionals’ above the age of about 
30 there must be the most serious questions about 


whether the service doesn’t waste genuine human 


resources. Here is a question which the Commons Select 
Committee on Science and Technology, if it were to be 
looking for some new and difficult ground to break, 
could well investigate. The role of the scientist in 
British society and the problem of too much compart- 
mentalisation, which discriminates against the free flow 
of ideas, is a subject of broad interest. The results of an 
investigation would hardly be spectacular, nor given to 
immediate and drastic action. But long-term benefits 
could be substantial if the scientist who so wishes could 
be encouraged to lead a fuller life and to provide more. 
in the way of public service. ol 
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GDR ’s state of science 





Scientific exchanges with the German Democratic Republic 
(GDR) are rare, and our knowledge of the state of its 
science is consequently sparse. A correspondent with some 
experience of East European countries, who recently com- 
pleted a trip to several biochemistry and microbiology 
laboratories in the GDR, returned with these impressions. 





THE mood among the scientists with whom I spoke is one 
of frustration and pessimism. The scientific community 
is thwarted and repressed by the government, and the 
situation is, if anything, worsening. I would put it as 
more critical than, say, in Poland or the Soviet Union. 
The very possibility of doing research in the GDR was a 
subject of discussion. The problems are of two sorts, 
financial and political. 

One of my stops was a large city with a prestigious 
university. The contrast between the newly constructed 
university skyscraper, to be used primarily for the study 
of Marxism-Leninism, and the shabby buildings of the 
science complex made a striking impression. The bio- 
chemistry laboratory which I visited was not adequately 
equipped. The laboratory, with a staff of some 20 
researchers, had, for example, no scintillation counter. In 
addition, some of the equipment which they did possess 
was of inferior quality. In particular, the ultracentrifuges, 
of East German manufacture, can be run for only a few 
hours at a time, or the drive will fail. Aggravating these 
financial problems is the peculiar bureaucratic regulation 
that purchases be made only once a year. This both 
wastes the meagre resources available to the laboratory— 
chemicals are ordered which are never used—but also 
leads to spot shortages which may abort an ongoing project. 

Hard currency restrictions make subscriptions to Western 
scientific journals difficult to obtain. The biochemistry 
group had subscriptions neither to the Journal of Biological 
Chemistry nor to the Journal of Molecular Biology, The 
restrictions also greatly reduce the number of GDR 
scientists who can attend conferences in the West. At the 
time of my visit to another laboratory, for example, only 
one scientist out of some 800 total staff members was in 
the West. While science was a low priority area, the 
support of athletics was lavish. The new municipal stadium 
was monumental. Furthermore, much hard currency goes 
to support the hordes of javelin throwers, swimmers and 
runners who are treated to expensive trips to Western 
Europe and North America. 

The political situation complements the economic one. 
The government plays a very direct role in laboratory 
affairs. Needless to say, permission is needed to attend a 
scientific conference outside the GDR, but is is also needed, 
for example, to publish an article in a Western scientific 
journal. The government can and does direct a laboratory 
programme; a microbiology laboratory on my itinerary 
had been ordered to abandon its programme of basic 
research and to commence work on a project which the 
administrators felt had industrial applications. Even in 
basic research, ‘plans’ are delivered to the researchers 
detailing experimental ‘goals’. With the exception of the 
Communist Party members of the staff, these ‘plans’ are 
largely ignored. Recently, however, it was decided that 
the laboratories must hire more Party members. For one 
group, this meant that all future appointments at the level 
of Laboratory Chief or above would have to be filled by 
Party men. 

The authorities have also found that science administra- 
tion is a good place to put retired military personnel. In 
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Leipzig, with Karl Marx university in background 


some cases these ex-colonels have chosen to classify a 
laboratory as ‘secret’, shutting it off from communication 
with the rest of the scientific community. 

Pressure is applied on the scientists to join the Com- 
munist Party, but it is my impression that this is far from 
successful. A valid reason for not joining is the profession 
of a religious belief, and this excuse is used frequently. 
Although promotions, trips abroad and other rewards are 
given preferentially to Party men, these inducements are 
not sufficient to overcome the moral repugnance which 
most of my informants felt towards Party membership. 
Other scientists, less estranged from Communist ideology, 
spoke of “compromises” that have to be made in order 
to work effectively. 

In spite of these difficulties, science has not been 
abandoned; research of good quality is still going on. Efforts 
to keep up with scientific progress are evident. Especially 
apparent is the enthusiasm with which Western visitors 
are greeted; the GDR scientists clearly want to establish 
contacts and exchange ideas with their Western counter- 
parts. If we wish to aid them, we must visit their labora- 
tories and attend meetings in the GDR, since our Eastern 
colleagues cannot easily leave their country, or initiate 
contacts with Western scientists. The exchange of scientific 
information, as well as gifts of subscriptions to journals 
or of chemicals and laboratory supplies could help science 
survive. 0 
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International science (1) 


IMS at the crossroads 


The success of next week’s ISEE satellite mission 
is crucial to the IMS. Judy Redfearn outlines why 


pART of the International Sun-Earth 
Explorer (ISEE), the second major 
satellite mission in the International 
Magnetospheric Study (IMS), was due 
for launch this week aboard one of 
NASA's Delta launch vehicles. But 
because of delays to NASA’s launch 
programme caused by the failure last 
month of the Delta rocket carrying the 
European Space Agency's (ESA) 
Orbital Test Satellite (OTS), the ISEE 
launch has been put back, probably 
until 19 October. If the launch fails to 
go ahead then, or at least by the end 
of the month, it will face a lengthy 
hold-up because the current period of 
short daily launch windows will then 
have passed by; the ISEE mission 
would have to remain earthbound until 
next spring. 


Magnetospheric scientists will be 
watching the launch with a degree of 
apprehension for another reason. 


Earlier this year, a Delta launcher failed 
to send Europe’s Geos, the first IMS 
satellite mission, into geostationary 
orbit. Although the consequences are 
not as severe as was first thought, the 
IMS programme has suffered a setback. 
So the success of ISEE is now more 
important than ever to the success of 
the IMS. If all goes well next week, a 
unique programme will begin to find 
out the precise mechanisms governing 
the magnetosphere, the area of the 
near-earth environment where the solar 
wind interacts with the earth's mag- 
netic field. 

For the first time two satellites, 
NASA’s ISEE A and ESA’s ISEE B, 
are to be launched in tandem aboard a 
Delta 2914 rocket into the same highly 
elliptical orbit. ISEE B, the ‘daughter’, 
will follow ISEE A, the ‘mother’, at a 
distance varying between 100km and 
5,000 km. The satellites will carry care- 
fully matched experiments allowing 
them both to make comparable 
measurements of the same phenomena. 
Because they will be moving at a 
known speed and distance apart, they 
will be able to distinguish between 
transient phenomena and those which 
are permanent but vary in space. A 
single satellite suffers from not know- 
ing whether a phenomenon has moved 
past it or has died out. 


Crossing boundaries 

Although many phenomena are known 
to exist in the magnetosphere, they are 
not well understood because of the 
problem of distinguishing spatial from 


temporal variations. In particular little 
is known about the processes which 
occur at the boundary where the solar 
wind meets the magnetosphere. The 
highly elliptical orbit of ISEE A and B 
was designed to maximise the number 
of crossings of this boundary, or bow- 
shock, during the satellites’ three-year 
lifetime. The orbit chosen has a 59- 
hour period with a closest distance 
from earth of 280km and a furthest 
distance of about 140,000 km. It will 
also carry the satellites through other 
boundaries, such as the magnetopause, 
plasmapause and neutral current sheet. 

In June next year, ISEE A and B 
will be joined by the third and final 
part of the ISEE mission, ISEE C. 
Unlike A and B, C will be launched 
into an orbit around the sun at a dis- 
tance of about 1.6 million km from the 
earth. For fuel economy, the orbit was 
chosen to lie on a libration point where 
the gravitational forces between the 
sun, earth and moon almost cancel out. 

While A and B are measuring pro- 
cesses in the magnetosphere, from its 
position in deep space C will be moni- 
toring variations in the solar wind and 
sending information on solar particles 
back to earth an hour in advance of 
the particles reaching earth themselves. 
The data will give a picture of the solar 
wind which will help in understanding 
observations made by the A and B 
satellites. 

At the end of the mission, scientists 
should know a lot more about the solar 
wind and the processes governing the 
magnetosphere, which may in turn 
lead to a better understanding of radio 
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transmission on earth and some of the 
mechanisms effecting climate. The 
magnetosphere, a natural plasma labor- 
atory surrounding the earth, is like the 
earth’s own small universe, the solar 
wind taking the part of the hot plasma 
which makes up most of the matter in 
space and the earth’s magnetic field 
taking the part of the magnetic fields 


found in space. The study of how 
ionised particles interact with the 
earth's magnetic field should yield 


much about the fundamental processes 
which govern the behaviour of cosmo- 
logical objects such as radiogalaxies, 
pulsars and radio and X-ray stars. 


Setting up the IMS 

By the late 1960s scientists had a good 
picture of the magnetosphere, but they 
knew little of the dynamic processes 
controlling it. The International Mag- 
netospheric Study was set up as a CoO- 
ordinated attack on the remaining 
problems. To organise the study, the 
International Council of Scientific 
Unions (ICSU) Special Committee on 
Solar-Terrestrial Physics set up an IMS 
steering committee with representatives 
from various scientific unions, 
COSPAR and satellite launching agen- 
cies. Thirty-nine countries are now 
taking part in the IMS, which began 


in 1976 and is due to run until 
December 1979. 
It is the first international pro- 


gramme of its kind to be based on 
spacecraft flown by several different 
agencies. Fourteen spacecraft launched 
during the IMS period are planned to 
carry experiments directly relevant to 
the study and 25 launched before 1976 
are expected to add valuable data. But 
at the centre of the IMS are two space- 
craft missions devoted entirely to mag- 
netospheric science—Geos and the 
ISEE. In addition, Japan is contribut- 
ing with its magnetospheric satellite, 
Exos, and Russia with a near-earth 
satellite. 


plasma mantie 





Cross-section of magnetospheric plasma distribution 
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The spacecraft programme, how- 
ever, would be of little value without 
the numerous ground-based rocket and 
balloon projects which will continue 
throughout the IMS period. Earth- 
based measurements of variations in 
the magnetic field can be used to 
monitor magnetic storms and plasma 
waves and even to predict changes in 
the magnetosphere. Correlating these 
measurements with satellite observa- 
tions should indicate how changes in 
field strength affect the shape and 
dynamics of the magnetosphere. Many 
of the 39 countries which could not 
afford to ibe involved in the space pro- 
gramme are contributing to the IMS 
through a saphisticated world-wide net- 
work of ground observatories. Even at 
the beginning of 1976, more than 1,000 
individual research projects were re- 
gistered on the IMS computerised 
file. 

Many different experimental pro- 
grammes working towards the same end 
thus need coordinating. Occasionally, 
for example, two or more satellites 
may be in such a configuration that 
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simultaneous observations would be 
very valuable. Similarly, satellite ob- 
servations should sometimes be timed 
in with ground-based or rocket experi- 
ments. To coordinate observations, 
NASA helped set up an IMS Satellite 
Situation Centre at the beginning of 
the study at the World Data Center A 
for Rockets and Satellites at the God- 
dard Space Flight Center, Boulder, 
Colorado. Its function is to report on 
satellite positions, recommend periods 
of special interest, compile and up-date 
information on satellite experiments 
and answer inquiries on special pro- 
jects, experiments and the whereabouts 
of satellites. Every month, the IMS 
Central Information Exchange Office, 
also at Boulder, produces an IMS news 
letter. 


Regaining ground 

Hopes for regaining the ground lost by 
the partial failure of Geos hang on the 
possibility of launching the second 
Geos satellite into geostationary orbit 
early next year. The intention had 
been to place the first Geos in a geo- 


WHO’s show on the road 


Peter Collins describes the gestation of the 
World Health Organisation’s tropical diseases progamme 


T temptation to launch global 
campaigns against specific diseases or 
conditions of mankind ıs one the 
World Health Organisation (WHO) 
seems unable to resist. The most recent 
and from all appearances most success- 
ful is the smallpox eradication cam- 
paign. Pockets of the disease remain, 
principally in the horn of Africa, but 
the campaign’s objectives are ın sight 
in under ten years. By contrast, in 
spite of the malaria eradication cam- 
paign, which started in 1955, malaria 
has never been anywhere near eradica- 
tion in much of Africa south of the 
Sahara, and is now increasing in other 
regions and countries where eradica- 
tion was thought to have been achieved. 
Now WHO’s thinking has turned 
towards a more broadly-based ap- 
proach It is well exemplified by the 
Special Programme on Research and 
Training in Tropical Diseases which is 
tackling six diseases (malaria, schisto- 
somiasis, the filariases, trypanosomiasis, 
Leishmaniasis and leprosy) that affect 
some 700 million men, women and 
children. 

Perhaps the greatest single con- 
straint on the development of the 
tropics lies in the burden of disease 
borne by their human inhabitants. 
Probably one in every four people alive 


today is at risk from one or more of 
the six diseases with which the pro- 
gramme is concerned. The position 


worsens every year as population o 
increases and the world’s Pharmaceu- & 


tical industry stands back. No new 
drug against trypanosomiasis has ap- 
peared in the past 20 years; the only 
drugs available against the filariases 
have side effects so serious that their 
use for mass treatment is out of the 
question; and the drugs used for treat- 
ing malaria are meeting with more and 
more resistance on the part of the 
parasites. Added to this is the increas- 
ing resistance of many of the vectors 
of these diseases to the chemicals used 
against them, and the many reserva- 
tions about the use of DDT, still often 
the most effective weapon for insect 
vector control. 

The sheer lack of scientific know- 
ledge about many of these diseases is 
also a problem. Not enough is known 
about the biology of the parasite and 
the mechanisms by which it eludes the 
defences of the human host to allow 
intelligent intervention to be planned 
But great advances-in such fields as 
immunology have led to the evolution 
of a whole armoury of new weapons 
for the prevention, diagnosis and treat- 
ment of disease afflicting richer 
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stationary orbit 36,000km above the 
equator along a field line connecting 
the north and south auroral zones so 
that particles on their way to the 
aurora would pass through it. Ground- 
based experiments and rocket-borne 
observations of the aurora could then 
have been coordinated with experi- 
ments on board Geos. 

But Geos is not in a geostationary 
orbit and coordinating observations is 
very difficult. It would have been im- 
possible had the Geos ground control 
at Darmstadt not managed to man- 
oeuvre the satellite into a doubly geo- 
synchronous orbit shortly after the 
unsuccessful launch Geos now passes 
through the neighbourhood of the 
planned geostationary orbit twice a 
day, meaning that coordinated observa- 
tions are possible, but only for a very 
short time. If Geos 2 were launched 
next year, it could take the place of 
Geos 1 It would have to be launched 
on another Delta rocket, however, and 
ESA might decide to wait until the end 
of 1979, when it could be launched on 
Europe’s launcher, Ariane. 





WHO anti-malaria emblem 


countries, and the question ıs how 
these can be made available or adapted 
to help control the great endemic dis- 
eases of the tropical countries 


WHO?’s answer 

The present programme is WHO’s 
answer to this question, but it origin- 
ated within WHO from the conjunc- 
tion of two quite separate ideas. In 
1964 an expert group of immunologists 
and parasitologists was assembled for 
the first time in Geneva. Little common 
ground seemed to exist between these 
two disciplines thereto: the parasitolo- 
gists considered that there was little if 
any immune response to the diseases 
with whitch they were concerned, and 
the immunologists had found ample 
scope, backed by adequate funds, in 
fields like cancer research After this 
meeting, however, things began to 
change, and while the immunology of 
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parasitic diseases was being examined, 
another initiative was being taken 
within WHO—the establishment in 
certain African countries of a network 
of biomedical research centres, 
eventually to be staffed and run by 
local personnel The feeling was that 
only research by nationals of the 
countries concerned could achieve real 
control of tropical diseases. 

It was from a ‘meeting of minds’ 
among senior staff involved in these 
two developments that the present pro- 
gramme evolved. By 1974 their ideas 
were ready for presentation to the 
World Health Assembly and subse- 
quent examination by WHO’s Advisory 
Committee on Medical Research 
(ACMR). The basic plan, further dis- 
cussed with prospective participants, 
was developed in time for a major 
‘housekeeping’ meeting in December 
last year. The pattern is that of a co- 
operative effort of donor and recipient 
governments, international agencies and 
specialised institutions, collaborating 
with and coordinated by WHO. A 
major part as co-sponsors will be played 
by the United Nations Development 
Programme (UNDP) and (though its 
precise rôle has yet to be determined) 
the World Bank. Because the pro- 
gramme involves a number of dif- 
ferent WHO departments, a small 
Tropical Diseases Research Group 
(TDR) has been set up for overall 
scientific coordination and manage- 
ment, Progress will be reviewed 
annually by a Scientific and Technical 
Advisory Committee composed of 
scientists, selected on an individual 
basis, to make the best existing know- 
ledge and experience available to those 
directing the programme General 
oversight will be ensured by a Joint 
Consultative Board, expected to be 
convened later this year and designed 
to represent all the various groups of 
participants in the programme 

The programme is expected to cost 
between $10 and $20 million a year 
as presently foreseen This money will 
come from governments through their 
development aid or technical assistance 
aHocations, and from other sources of 
international funding It is here that 
WHO might have anticipated some 
difficulty, for those concerned with 
development financing are naturally 
somewhat cautious when asked to sup- 
port what is, admittedly, a vast experi- 
ment, at a time when funds for 
development projects are increasingly 
tight. Several different approaches to 
this type of financing are already 
apparent. The Scandinavians prefer to 
hand over funds directly, often seem 
ing to take dittke interest in their 
management, although they may now 
be fooking harder at the results than 
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appears to favour complete control of 
the programme funds, preferably by 
the World Bank. Britain’s fairly neutral 
stand on that point is tempered by 
an insistence on continuing and critical 
evaluation of both the selection and 
progress of individual projects. Even 
at this early stage, several governments, 
Britain’s included, have been highly 
critical of the potential of certain pro- 
jects to which programme funds have 
been allocated by WHO. Intriguingly, 
it does seem that one problem is to 
find sufficient projects to absorb the 
funds already available, a situation 
that should reassure those who fear 
that the programme will prove to be 
yet another drain down which develop- 
ment funds are being uselessly poured. 


Two lines 

The two main dines of action that 
make up the agreed programme reflect 
its dual origin within WHO. The first 
is a vastly increased research effort 
directed at some of the main problems 
of the six selected diseases, and involv- 
ing many of the ideas and techniques 
developed by biomedical research into 
the diseases of the industrialised, 
affluent world. Where possible, this 
research should be done where the 
diseases occur, and eventually (though 
this is not yet feasible) by nationals 
of the countries concerned. The second 
recognises that research, however suc- 
cessful, is of little use unless it can 
be properly exploited. This means 
training nationals of the tropical coun- 
tries in the design, administration and 
application down to village level of 
whatever control system is finaHy 
evolved. 

The underlying approach is not with- 
out precedent as far as WHO is con- 
cerned. Its programme for research 
into human reproduction was set up 
on much the same lines: a group of 
scientists was assembled, presented 
with certain ideas, asked if they thought 
a programme based on these ideas 
could be made to work, and urged to 
indicate the steps to be taken. This 
in itself was something rather new; 
biologists are not usually asked to do 
research with a definite end in view, 
and the human reproduction pro- 
gramme is one of WHO’s current suc- 
cesses. That the system can work is 
also shown by the Scientific Working 
Group on the immunology of leprosy, 
which was set up in the same way and 
is already yielding results. 

The parasitic diseases programme is 
of a different order of magnitude, 
though. Each of the scientific working 
groups is in itself an experiment 
directed to separate objectives. Apart 
from those dealing with leprosy, groups 
on filariasis, schistosomiasis and the 


immunology of malaria have been set 
wn: nthare will he eroncerned with 
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such broad fields as vector biology and 
the tissue culture of parasites. Each 
group examines its particular disease 
under headings like immunology, 
chemotherapy, epidemiology and train- 
ing, and identifies desirable research 
projects and the institutes and indivi- 
duals to tackle them. WHO envisages 
a network with a coordinating group 
at headquarters. On the one side are 
the ‘collaborating institutes’, the estab- 
lished centres of biomedical research, 
mostly located in the industrialised 
countries. Their collaboration will be 
sought for the more sophisticated re- 
search especially where new and special 
equipment and facilities are needed, and 
for training at the higher levels. On 
the other side are ‘collaborating 
centres’, at various levels from large 
university departments to small labora- 
tories employing only a ‘handful of 
qualified staff, and located mostly 
where the diseases are prevatent. It 
is in this group that the ‘institution 
strengthening and training activities’ of 
the programme will have first priority. 


No cutting 

As WHO sees it, there is no need 
for the programme to cut across the 
activities of the established institutions 
in the industrialised countries. But with 
too many people doing research into 
tropical diseases who have had little or 
no contact with those suffering from 
them, a properly coordinated operation 
of such a network should help pro- 
gress. WHO would make a further 
point, that the programme offers op- 
portunities that are, scientifically 
speaking, exciting, with the use of the 
new tool and high technology of 
modern biological science. The dif- 
ferent approach to publicising the pro- 
gramme reflects this. In the past, 
publicity has been given to global 
programmes of public concern, with 
the aim of telling people about some- 
thing being done for their welfare— 
the conquest or alleviation of rheu- 
matism, for example (1977 is World 
Rheumatism Year). For the tropical 
diseases programme, WHO’s eim is 
rather to interest the scientific 
community. 

With the gradual run-down of the 
great colonial medical services, tropical 
disease research has been increasingty 
less popular. But now, the more people 
who know of this vast new programme 
and of «ts funding, the greater likel- 
hood there is of interesting young 
research workers in the opportunities 
it has to offer. And at some $20 million 
a year for, say, 20 years, it is not that 
expensive. A major pharmaceutical 
company can spend five times that 
annual sum in a single year, and some 
countries spend as much on cancer 
research as the total budget for this 
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Blunt then blunted | 





The UK Medical Research Council 
(MRC) published its latest annual 
report earlier this week. Chris Sher- 
well reports - 





APART from being mere snapshots of 
the period they describe, annual reports 
sufer by emerging halfway through 
the following year. Introducing the first 
report since he became MRC Sec- 
retary, James Gowans ‘quickly ad- 
dressed one problem by communicating 
a vivid impression of the dynamic 
quality that informs current medical 
research But the need to bring every- 
one up to date blunted the impact of 
the report’s potent, af measured, criti- 
cisms ‘of the way some of that research 
is now run. 

The report, which 1s for the twelve 
months to March, describes the impact 
of a £1 million (10%) cut in com- 
missioned research from the Depart- 
ment of Health and Social Security 
(DHSS). It says the Council was 
“deeply concerned” at the size and sud- 
denness of the reduction, which “‘dis- 
rupts financial planniny and frustrates 
initiatives” and affects both com- 
missioned and other research. But the 
outlook was now less bleak, Gowans 
told his audience The DHSS would be 
giving back £700,000 next year, and the 
MRC “firmly expected” a 1.6% real 
increase in its share of the Science 
Budget in the coming year. 

Gowans was apparently concerned 
also to moderate the tone of the 
report’s criticisms of the operation of 
the customer-contractor principle, 
under which the DHSS acquired con- 
trol of one-fifth of the MRC’s funds. 
A series of rhetorical questions in the 
report suggests that responsibility for 
any lack of orientation of research 
work to social objectives cannot be 
laid at the MRC’s door. The report 
also describes at length how admunis- 
trative work and accountability require- 
ments have imposed heavy burdens and 
taken experts away from research—‘“a 
high price to pay” for arrangements 
which could be achieved ‘‘with less 


formality and administrative expense” 

Gowans amplified: the first of these 
points and dwelt not at all on the 
second. He described specific cases— 
the latest being the Blood Group Ref- 
erence Lab—of the MRC deciding to 
Start something new and then handing 
it on to an enthusiastic government; 
the MRC, he said, was anticipating 
national needs long before the cus- 
tomer-contractor principle came along. 
The ease with which the MRC pro- 
gramme merged with DHSS require- 
ments, he added, also vindicated the 
MRC’s judgment; the DHSS wanted 
the MRC to do what it was doing 
anyway. But the conclusion he drew 
was that DHSS-MRC relations were 
very close. The “one proviso” was a 
complaint about ‘bureaucracy. 

If these pulled punches reflect the 
happy amelioration of financial prob- 
lems, other thrusts in the report indi- 
cate that additional anxieties remain. 
The organisation of clinical research 
is “becoming increasingly difficult” as 
the incentives for young doctors to 
do research have diminished, and there 
is an “apparent tendency to lose sight 
of research as a proper component 
of clinical training”. An appropriate 
pattern of support for university 
research when universities are not ex- 
panding has also yet to emerge, and is 
“of crucial importance” if the flow 
of able young scientists into research 
is to continue; holding research teams 
of high quality together will be ‘“‘in- 
creasingly difficult” unless the problem 
of low numbers being absorbed into 
permanent university appointments is 
solved. : : 

In the stringent economic circum- 
stances the Council describes its first 
priority as reducing‘ long-term com- 
mitments ın order to free money for 
new work Competition for long-term 
support will thus ibe fierce, it says, 
but short-term awards will now in- 
crease, and it urges the scientific com- 
munity to continue to apply for these. 

On the subject of recombinant DNA 
experiments, the MRC says it is looking 
forward to receiving proposals (four 


Danaa O 
Five-year pattern of MRC expenditure 





Total Expenditure (£million)! 


1972-73 28.510 (1.737) 
1973-74 30.330 ere 
1974-75 36 293 (8 745 
1975-76 47.140 (133138 
1976-77 52.166 (13.315 





Change %2 Real change %3 
+143 +4.1 
+ 64 +2.5 
+19.7 —1.3 
+29.9 —09 
+10.7 +0.9 


l Figures in brackets are mcome within the total from sources other than the MRC’s 
allocation from the Science Budget (eg. government departments, health authorities) 

2 Change in total expenditure over previous year (undeflated) Be 

3 Change, in real terms, of MRC allocation from the Science Budget, over previous year 


large project grants have already been 
made to universities); “high priority” 
should be given to the Provision of 
centralised facilities for category UI 
and IV experiments. The MRC in fact 
has no plans to build a category 1V 
facilty The future of the only one in 
the country, the Microbiological 
Research Establishment at Porton, is 
now under consideration by the govern- 
ment. An MRC committee set up to 
examine the possibilities it offers ig due 
to report soon oO 





Research report 


THE massive UK Department of the 
Environment (DOE) last week 
released a slim fourth annual report 
on research and development—covering 
a period that ended a full 18 months 
ago. A press release accompanying the 
report, which deals with the last full 
year before . the department was 
divided into the Departments of 
Environment and Transport and before 
‘Martin Holdgate ‘succeeded Dennis 
Lyons ‘as Director General of 
Research, does not explain. the delay. 
But it does advise, without amplifica- 
tion, that recent organisational changes 
under Holdgate: will be described in 
the 1976-77 report. Holdgate is also 
expected to outline them to the press 
„next week. 

In the meantime, some of ‘the 
details are available in the September 
issue of Environment and Transport 
World, the newspaper of the two 
departments. They are not exactly 
minor but, unsurprisingly perhaps, a 
couple are apparently mere name 
changes; thus, the Directorate of 
Research Requirements has become 
the Directorate of Research Policy, and 
‘the Research Secretariat has become 
‘the Research Administration Division. 
The Systems Analysis Research Unit 
(SARU), on the other hand, which has 
been looking at global problems (see 
age 356), has not changed its name 
ut is, according to the paper, 
“Gncreasingly turning its attention to 
problems on the domestic front”. 

Perhaps the most important change 
is the reduction from fifteen to six 
in the number of internal Research 
Requirements Committees. These will 
consist of what Holdgate calls “triads”, 
three-man teams with a representative 
from the policy side who want par- 
ticular work done (‘customers’), from 
department research establishments or 
other research centres (‘contractors’), 
and from the central research policy 
division. The six committees embrace 
areas controlled by senior civil servants 
like planning, countryside and re- 
sources, transport, construction and 
environmental protection. : 

As for last week’s report, it says 
expenditure on research (at a -peak of 
some £45 million for 1976-77, of which 
about a quarter went on environmental 
pollution and resources) is expected to 
decline sharply to a level in 1978-79 
close to that five years ago. This, it 
says, is a result of constraints on 
public expenditure and reductions in 


civil service manpower. 
' Chris Sherwell 
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Exchange agreement 





In spite of new agreements, there is 
scope: for more scientific visits between 
“the UK and USSR. Vera Rich reports 





A NEW agreement.on. the exchange of 
scientific- visits was signed in Moscow 
last month by Lord Todd on behalf of 
the Royal Society and.. Academician 
Anatolii A. Aleksandrov for the Soviet 
Academy of Sciences. Although the 
“negotiations took place in what Alek- 
~sandrov . described as a “friendly and 
constructive’. atmosphere, and al- 
though Lord Todd told Nature that he 
felt that “good progress. had been 
omade”, the details of the latest agree- 
ments reveal just how much progress 
in scientific exchange still remains to 
be made. 

The new agreement provides for a 
two-way traffic of seven senior and four 
junior visits per year. Senior scientists 
will visit the: host. country for 3-6 
weeks and junior scientists for 8-10 
months at a time, the total yearly 


quota being 40 man-months. This 
seems negligible compared with the 50- 
100 short-term visits per year between 
the UK and the major EEC countries 
or with UK-—Poland exchanges, where 
there is an annual flow of some 80 
visits to Britain and 40 visits to Poland. 
Leaving aside the special case of the 
English-speaking countries, one would 
expect the flow of exchange visits to be 
roughly proportional to the size and 
scientific importance of the country 
concerned. The anomalous position of 
Soviet-UK exchanges is apparently re- 
cognised by both parties; according to 
Lord Todd, both sides agreed that in so 
far as finances permit, they would like 
to see the number of exchanges in- 
creased, especially among junior 
scientists. 

There is no great enthusiasm in the 
UK, however, to take up even the 
number of exchange places available. 
One reason is obviously language; most 
Soviet scientists have at least a reading 
knowledge of English, but the need for 
a reciprocal knowledge of Russian has 
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largely been obviated in recent years by 
the expansion of cover-to-cover journal 
translation programmes. It is also’ ex- 
tremely difficult for young British 
scientists to discover how they would 
benefit from an exchange visit: 

The Royal Society delegation pressed 
for more explicit information on’ the 
work being done at the various Soviet 
Institutes. They were assured that in- 
tending visitors could find all” ‘they 
needed to know from journals such as’ 
Priroda (Nature) and Nauka i Zhizn’. 
(Science and Life). These semi-popular 
journals are, in fact, designed to give a 
general idea of current progress rather 
than to specify the work of individual 
scientists or institutes; moreover, they 
are in Russian (the ‘translation pro- 
grammes deal with specialist journals 
only), as is the more informative 
Vestnik (Bulletin) of the Academy of 
Sciences. 

The new agreement does, however, 
include one rather promising pro- 
vision—the extension of joint research 
projects. Working visits between the 
teams involved would not necessarily 
come out of the 40 man-months of 
the basic programme. Gg 


USA 


Rock energy 


David Davies reports from Washington 
on the US programme to exploit geo- 
thermal energy 








Wirra the United States importing 
nearly half of its petroleum now, it is 
no wonder that even modest contribu- 
tions to the nation’s energy budget 
assume a growing importance. The 
geothermal energy programme in the 
US Department. of Energy (DOE) 
could only displace a few per cent. of 
the nation’s fossil fuel requirements by 
the year 2000 but is- authorised this 
financial year to spend $116 million, 
double last year’s authorisation and 
nearly five times the figure of four 
years ago. 

Resources are divided into three 
categories of increasing magnitude but 
also of increasing difficulty of exploita- 
tion. Convective hydrothermal re- 
sources comprise both  dry-steam 
systems, of which the Geysers field in 
California (extracting 500 MWe at pre- 
sent but eventually 2,000 MWe) is 
probably the only US example, and 
liquid-dominated reservoirs, of which 
there are many at temperatures upward 
-of 90° C. Geopressured resources con- 
sist of methane dissolved in* water at 


moderate temperatures. The water is 
in isolated reservoirs at the pressure of 
the overlying rock, much greater than 
the hydrothermal pressure, and heat, 
methane and hydraulic power can all 
be extracted. The resource is concen- 
trated around the Gulf states. Finally 
there are ‘hot dry rocks’, rocks at 
relatively high temperatures near the 
surface into which water must be in- 
troduced to extract the heat. 

Dry steam already provides 5% of 
California’s electrical needs at a very 
attractive price and has needed little 
government support. Liquid-dominated 
reservoirs, on the other hand, have 
needed a stimulus; DOE has just issued 
a request for bids to build a 50 MWe 
demonstration plant in the western 
United States that will be economic 
and socially and environmentally ac- 
ceptable. The department hopes to sign 
a contract for this in mid-1978. But the 
real and growing optimism, according 
to Dr James Bresee, director of the 
programme, is in the potential of the 
hydrothermal resource for direct-heat 
applications. 

Geopressured resources have a much 
larger question mark against them. 
There are major unanswered issues of 
reservoir producibility and longevity, 
and so far there has been little com- 


mercial interest. Nevertheless, DOE 
plans to go ahead this year with well- 
tests in Texas and Louisiana, and has 
proposed pilot plants for energy re- 
covery. 

The hot-dry-rock experiment at Los 
Alamos, although it has attracted the 
widest attention, must at present be 
regarded as the most speculative of all. 


A fractured zone has been created at a _ o 


depth of 3km in granite, and water is 
run down one pipe, through the 
granite, and up through a second. The 
rising hot water flashes to steam. Less 
than 10% of the water is lost under- 
ground. So far the heat extracted 
(about 3 MWt) is less than had been 
expected, so the next few months will 
be a crucial time for this programme. 

Not all the obstacles to geothermal 
energy are technical. DOE employs 
about six professionals simply to look 
at the so-called institutional barriers— 
tax laws, environmental regulations 
and so on. At last count at least six 
governmental departments and over ten 
major agencies are involved in some 
way or another. Further, although the 
federal government has established 
loan guaranties for up to 75% of any 
loans to the geothermal industry, the 
widely-expected flood of applicants has 
not materialised; so far “only two 
guaranties have been made, apparently 
because large companies would rather 
act as their own guarantor. m 
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CANADA. 
Add minister 


The Canadian cabinet has a new 
science minister. David Spurgeon 
reports from Ottawa 








CANADIAN scientists are once again 
feeling hard done by as a result of a 
federal government cabinet shuffle. 
Hugh Faulkner, Minister of State for 
Science and Technology since 1976, has 
been shifted to the portfolio for Indian 
and Northern Affairs, and a new 
science minister, J. Judd Buchanan, 
appointed in his place. He is the fifth 
minister to have been appointed since 
the ministry was established about six 
years ago. 

Grumbling was also heard when 
Faulkner was appointed just two years 
ago. But in his short time at the post 
he earned the respect of many in the 
scientific community by his obviously 
sincere concern, his interest in the field 
and his desire to learn. He did not 
come to the ministry with what many 
scientists felt was the ideal background. 
He nevertheless took time to listen, 
and many scientists feel they have now 
lost an ally if not a friend. All 
Faulkner’s homework will now go for 
naught, and Buchanan will have to 
start over again. 

The shift is still more galling for the 
scientists inasmuch as it indicates once 
again that the federal government does 
not take science seriously. For apart 
from Buchanan’s own lack of famili- 
arity with the field, the task becomes 
once more a part-time concern of its 
minister. When C. M. Drury held the 
portfolio, he also held that of Public 
Works. 

Buchanan will now revert to that 
arrangement, but he’ll have even less 
time than Drury to think about science 
because his job has been as a sort of 
‘lieutenant’ for the Liberal party in 
Ontario. Buchanan went from the 
ministry of Indian and Northern Affairs 
to the less onerous Public Works port- 
folio ‘before coming to Science and 
Technology in order to have time for 
these political duties. Now some are 
wondering how he is going to deal 
effectively with all three areas. 

Some very senior scientists, indeed, 
are beginning to question the use- 
fulness of a system that depends on 
firm and effective communications lines 
being established between a minister 
and the scientific community, and then 
breaks these lines with impunity just 
when they have become established. 
Perhaps the new minister will be able 
to prove they are wrong, and that such 
a system can work well after all. It is 
a heavy responsibility. oO 





WEST GERMANY. 
Solar sell 


Werner Gries reports from Bonn on 


state support for energy research 





West GERMANY’S support for energy 
research developed a stage further last 
month with the announcement from 
the federal Minister of Research and 
Technology, Hans Matthéffer, of a 
large programme of support in the field 
of solar energy. The federal govern- 
ment has supported research into direct 
and indirect utilisation of solar energy 
since 1974, and the new programme, 
Technologies for the Utilisation of 
Solar Energy, makes available a total 
of DM166 million over the four years 
1977-80 to supplement expenditure by 
private industry. 

Some 76% of the country’s total 
energy requirement goes on heating, 
and 24%, for lighting and power. Space 
heating alone absorbs 40%, mainly 
through burning mineral oil. Solar 
energy is therefore important because 
it can be used for such low-temperature 
purposes as hot water supply and heat- 
ing in residential buildings; but its low 
intensity and its variability mean an 
efficient technology is needed. Solar 
radiation per square metre in Germany 
is only half that in the USA. 

The government’s measures to pro- 
mote solar energy hitherto have ex- 
tended to 50 projects, requiring a total 
contribution of DM50 million of gov- 
ernment money. Chief of these have 
been the development and long-term 
testing of novel types of solar col- 
lectors. At the same time mass produc- 
tion processes for solar collectors are 
being developed and a few demonstra- 
tion plants both in public installations 
as well as in the private sector have 
been built with government funds. 

Results so far show that it is tech- 
nically possible even in West Germany 
to satisfy fully the heating requirements 
of a well insulated single-family house 
with solar energy. The necessary sys- 
tems and appliances are already being 
offered on the market but the financial 
outlay is so high that it does not pay to 
put them in at present. Therefore, in 
addition to their R&D measures, the 
government introduced at the begin- 
ning of September a programme to 
encourage energy-saving investments. 
This grants allowances of 20%, of in- 
stallation costs for insulation, heat 
pumps and solar appliances. 

The conversion of solar energy for 
purposes other than low-temperature 
heating has lower priority, but the 
federal government is promoting R&D 
in electricity generation to open up 
new export prospects for German in- 
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dustry in countries which have plenty 
of sun. Solar collectors for hot water 
supply will receive support in the 
future. Private investment will be re- 
warded by allowances, model public 
building measures will explain the new 
techniques, and standardisation of the 
most favourable appliances will have 
an important place in government pro- 
motion measures. But the extension of 
solar installations for space heating 
depends on the development of energy 
storage systems, and R&D in this area 
is being intensified. Solar engineering 
systems for heat production up to 
200 °C are another important focus of 
research, and the government is making 
funds available for demonstration plants 
to show their practical application. 

In another trench on the energy 
front, meanwhile, discussion of the 
advantages and disadvantages of 
breeder reactors and the risks attached 
to them is becoming more heated, not- 
withstanding the recent unexpectedly 
quiescent demonstration at Kalkar, the 
site for a 300 MW prototype breeder. 
A recent court judgment called into 
question the construction of the reactor 
when the judges requested the Federal 
Constitutional Court to inquire into 
whether the building of breeder re- 
actors is consistent with the law as it 
stands at present. 

Arguments have persisted in par- 
liament. The Minister of Research and 
Technology is responsible for financing 
the development of breeder reactors, 
and he has given the Bundestag a 
detailed account in support of breeder 
development. A total of DM3,000 
million has been distributed by the 
state for research work in this field, 
annual expenditure is running at 
DM470 million, and 8,000 people are 
employed in research, development and 
construction. Development is marked 
out up to 1982 with the prototype at 
Kalkar and the Franco-German Super- 
phénix in France. 

Though the idea is being aired of 
severely reducing breeder reactor de- 
velopment to no more than a mini- 
mum, the minister has come to the 
conclusion that cutting the building 
work on the prototype would cost just 
as much as terminating it. Many con- 
tracts have still to be fulfilled and high 
social costs would accrue in paying off 
workers and paying the stipulated 
penalties for the co-partners in Bel- 
gium and the Netherlands, The govern- 
ment maintains that plutonium presents 
no unjustified risks, contending that 
the technology can be mastered and 
that the potential danger is no greater 
than with a lot of other materials. ( 
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IN BRIEF — — MM 


USSR space set-back 

The cancellation this week of the 
Soyuz 25/Salyut 6 link-up is a serious 
set-back to the Soviet space-programme 
and a blow to its prestige, especially 
as some major exploit to mark the 
60th anniversary of the October 
Revolution was widely expected. It 
also stresses, once again, the great 
reliance placed by Soviet planners on 
automatic control even of manned 
spacecraft. According to the Tass 
announcement, the two craft were 
automatically brought close together, 
and then a docking operation was 
carried out from 20 metres. “Devia- 
tions from the planned docking 
regime” led to the decision to abort 
the mission. 


Even the 


sophisticated generally 


believe what they hear on the radio, 
or see on television. A few days ago 
these media prominently featured a 
report by the UK Department of the 
Environment which apparently dealt 
with the world’s future. Listeners or 
viewers (I was both) received the im- 
pression that a group of economists 
and scientists had engaged in a com- 
plicated and detailed exercise, using 
sophisticated mathematical models 
and advanced computers, and after 
years of hard grind had come up with 
the conclusion that if the world’s 
population continued to grow ex- 
ponentially at something approaching 
3%, in fifty or more years the fore- 
bodings of Malthus, first put forward 
nearly two hundred years ago, would 
be realised, and mass starvation would 
overtake mankind. Other shortages, 
including that of energy, would be less 
serious. 

My reaction was that here was yet 
another expensive and pointless ex- 
ercise, over-supported by government 
funds, discovering something which 
was obvious to anyone with a little 
knowledge of these problems. We 
have seen many such useless exercises 
in the past, the most notorious being 
a Cabinet Office report on Energy; 
this was obviously just another ex- 
ample of governmental irresponsibility 
wasting the taxpayers’ money. 

Before expressing this view, how- 
ever, I waited until the next day, 
expecting to find a fuller summary in 
the serious daily press. I found no 
mention in the London Times, the 
Financial Times, the Guardian or the 
Daily Telegraph. 1 did not consult the 
tabloids. Now I’ve received the volume 
which stimulated the radio and tele- 
vision but did not interest the news- 
papers. It is Research Report 19 from 
the Systems Analysis Research Unit 


Antarctic meeting 
The main achievement of the Antarctic 
Treaty meeting, which ended in 
London last weekend, was to agree on 
interim arrangements for conserving 
marine living resources. Details were 
not immediately available but the 
drift of the discussions has been clear. 

First the agreement is voluntary. 
Second it looks at this stage as if it 
will be confined to restraints on catch 
quotas of krill and the exchange of 
statistics. The agreement can only be 
temporary because West Germany, 
which has been active in the field, is 
not a signatory of the Treaty. 

The Treaty powers have also agreed 
to extend their voluntary moratorium 
on minerals exploration and exploita- 


(SARU) of the UK Departments of 
the Environment and Transport, and 
is called “Sarum 76: Global Model- 
ling Project”. It extends to some 230 





Model report 








KENNETH MELLANBY 





pages, and as it costs no less than £15, 
is not expected to have a mass cir- 
culation. 

My reactions to the document are 
quite different to those stimulated by 
the radio, It is no facile statement of 
the obvious. I assume that it did not 
interest the newspapers because it 
draws no conclusions, contains no 
pithy summary forecasting doom, but 
is a serious and careful study, adding 
another useful volume to the series of 
reports from these two government 
departments. 

The writers of Sarum 76 (anony- 
mously, only the Director’s name 
appears) have got together an im- 
mense amount of information about 


tion. Experts attending the meeting 
think that it will be at least five years 
before enough scientific data has been 
accumulated to assess the likely 
environmental effects of any explora- 
tion and exploitation. 


Telescope agreements 
ESA is to contribute a faint-object 
camera and a solar array to NASA’s 
Space Telescope programme under an 
agreement signed last weekend. The 
telescope is due for launch in 1983. 
Progress has also been made in the 
Dutch-American Infra-red Astro- 
nomical Satellite (IRAS) project with 
the award last week of a contract for 
construction of the satellite by the 
NIVR in Holland. 


world incomes, populations and their 
changes, energy, renewable and non- 
renewable resources and agricultural 
productivity. The figures and tables 
alone make the volume worth its in- 
flated price. The team has produced a 
sophisticated mathematical model 
which, if you think modelling is 
worthwhile, is itself a model (in an- 
other meaning of this over-used word) 
for this type of study, and it will 
clearly be useful for others with 
similar interests. 

The report shows that Sarum 76 
can be used to test many reasonable 
assumptions for the effects of any 
number of permutations and com- 
binations of the changes in popula- 
tion, productivity, climatic conditions 
and all the other known factors which 
may affect our future. It makes no 
claims to foretell the future, and 
admits that this is not the ultimate, 
perfect model for this purpose. There 
is indeed a figure, reminiscent of 
some in Limits to Growth, which 
shows that if the world population 
grows at 2.27%, a year, food supplies 
per head could increase for fifty years 
and then fall rapidly, but this should 
be seen in the context of many other 
possible forecasts, 

We are now wedded to acronyms, 
but where those have existing mean- 
ings they should be used with care. 
ASH is undoubtedly suitable for 
Action on Smoking and Health, but 
in England Sarum is the old name 
for the city of Salisbury, and our 
Established Church adopted the 
Sarum Liturgy in 1542. Its use 
brought back to my mind a limerick 
—in England, incidentally, Hampshire 
is commonly abbreviated to Hants: 
There was a young curate of Salisbury 
Who used to be most harum-scalisbury 
He went through Hampshire 
Without any pampshire 
‘till his bishop said he must walisbury 
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Research ‘ridiculous’ 

Sir,—Regarding your editorial of 8 
September, it seems to me that the 
Psychological Association and Dr 
Shockley and Dr Huxley have aH 
missed the point. The proposed re- 
search may be desirable or deplorable, 
but above all it is ridiculous. 

Dr Shockley proposes the existence 
of close linkage between the (unknown) 
polygenes for skin colour and the 
(unknown) genes that determine (un- 
measurable) absolute intelligence. Even 
the existence of “absolute intelligence” 
is unproven and debatable. 

For present day genetics and psy- 
chology to tackle this problem is like 
Antonie von Leeuwenhoeck studying 
the structure of the ribosome. Maybe 
it will be possible some day, in the far 
future, by which time, hopefully, we 
will be getting excited about something 
other than race. 

S. W. BOwNE 
Edinboro State College, 
Edinboro, Pensylvania 16444 


Using hyphens 

Sir,—I heartily endorse J. Faber’s plea 
(19 May, page 202) that semantically 
essential hyphens be reinstated in com- 
pound adjectival phrases. The current 
practice of abandoning this punctuation 
nearly always generates serious am- 
biguity, or even utter gibberish. Thus, 
a printed label on a recent pharmaceu- 
tical product advises me: “Do not take 
with milk or calcium containing ant- 
acids.” (In this instance one must 
presume the reference is to low cal- 
cium, since a recent report in a reput- 
able journal refers to “high calcium 
containing phospholipids”’.) 

Faber rather charitably attributes 
this widespread offence to “sheer slop- 
piness”, but my experence has been 
that the problem stems largely from a 
deliberate editorial conspiracy. Critical 
hyphenation is commonly deleted 
between manuscript and galley, and 
frequently the deletion is enforced over 
the authors’ protests concerning the 
resultant semantic atrocities. If one 
encounters the phrase “‘men chasing 
women” in print, the prevailing 
editorial policy makes it impossible to 
conclude which group of participants is 
pretending to be in flight. 

PauL G. LEFEVRE 
Health Sciences Center, 
State University of New York, 
New York 11794 


Solar nuclear waste disposal 
Sir,—It has been recognised tor some 
years that nuclear (fission) reactors are 
power sources for which there is an in- 
creasing need in view of growing world 
demands for power and depleted fossil 
fuel supplies. Such power reactors 
provide a reliable bridge to new power 
technologies, such as fusion and solar 
energy collection, which are under long 
term development. 


However, serious questions are 
rightly asked about. the real and 
imagined safety aspects of the in- 


creased proliferation and use of fission 
reactors of various types. One principal 
area of concern is the need to find 
acceptable and safe long term methods 
for disposal of spent nuclear fuel. 
Many have yet to be convinced of the 
conventional wisdom of burial of such 
wastes in deep ocean trenches or in 
deep stable rock formations. 

In the light of our undoubted need 
for increasing access to nuclear power, 
coupled with parallel needs for safe 
disposal of nuclear wastes, I suggest 
that serious consideration be given to 
the application of existing space tech- 
nology to transport such wastes to the 
sun. 

Reliable space transport systems 
have been developed in a number of 
countries during the past two decades. 
They culminate in the Space Shuttle 
System. Within the next few years the 
Shuttle will be making regular, and 
almost routine, manned journeys 
between the earth and earth orbits to 
perform a wide variety of tasks. These 
include transport and operation of 
Spacelab, launch of satellites, recovery 
and manipulation of payloads in space 
using the Remote Manipulator Facility, 
deployment of Space Telescope and so 
on. 
It is thus suggested that serious 
thought should be given, at an inter- 
national level, to the possibility of using 
Shuttle or Shuttle technology to carry, 
on a regular basis, safely encapsulated 
containers of nuclear waste into 
temporary parking orbits above the 
earth from which they can be as- 
sembled into payloads for vehicles (also 
carried into orbit by Shuttle) to carry 
them on to the sun. The development 
of such a ‘sun-bus’ system including its 
propulsion and guidance components is 
well within the capability of con- 
temporary space technology. 

The writer does not overlook the 


many economic and safety aspects of 
this proposal which will have to be 
considered in the development of this 
application of space technology to the 
service of all mankind. It would appear 
to be as attractive, if not more attrac- 
tive, from many points of view, as the 
current terrestrial nuclear waste dis- 
posal methods which are used or which 
have been proposed. It has the strong 
advantage of not imposing a social 
burden lasting for many centuries 
for the monitoring and safeguarding of 
our legacy of nuclear waste. 

R. W. NICHOLLS 
Centre for Research in Experimental 

Space Science, Ontario 


Farm energy 

Sır —in his recent contribution 
Kenneth Mellanby seems determined 
to show us that everything is for the 
best in the best (ours) of all possible 
worlds. When it comes to energy use in 
farming he should be more careful: 
one man’s objective view is another’s 
blind prejudice. 

Although our use of energy in farm- 
ing looks modest by comparison with 
our profligacy in other directions, it is 
monstrous by world standards. If all 
those bushmen, whose energy economy 
he derides, were to adopt our farming 
methods they would use all their coun- 
tries’ usual energy supply in the pro- 
cess. If they were foolish enough to 
adopt our food processing habits as 
well 40% of the global energy supply 
would be required. 

Although it is possible for several 
people to be fed from 1 ha, farmed by 
modern methods, that is not what 
happens; something like 0.7 ha and 
half a tonne of oil a year are needed 
to feed each and every Briton. Of 
course we have got used to all this, and 
it would be politically awkward to 
change, but that is not to say we have 
a God-given right to carry on. As 
Gerald Leach says in his book Energy 
and Food Production, “this is quite 
clearly not a viable system for all 
time”. 

Finally, 1 cannot share Mellanby’s 
optimism that we are responding ade- 
quately to the problem he seems so 
intent to minimise. The main driving 
force of technical change in food pro- 
duction is towards economy of labour 
use. I see no sign of significant 
reductions in energy requirements. 

MICHAEL KNEE 
Kent, UK 
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news and views 





New look at the aminergic nervous system 


from Key Dismukes 


Tue aminergic neurotransmitters—nor- 
adrenaline, dopamine, and 5-—hydroxy- 
tryptamine—have been studied with an 
intensity far disproportionate to the 
tiny fraction of brain cells which con- 
tain them. This attention has been 
drawn by the realisation that many 
clinically important psychoactive drugs 
apparently operate by altering avail- 
ability of one or more of these trans- 
mitters. New histochemical techniques 
for mapping aminergic projections are 
revealing striking anatomical features 
and hint at mechanisms by which these 
neuronal systems may shape emotion, 
vigilance, and learning processes. For 
instance, almost all of the brain’s nor- 
adrenaline is contained in a few 
thousand neurones originating in tiny 
nuclei in the brain stem. These few 
cells, however, innervate the entire 
cerebral cortex and much of the under- 
lying diencephalon, as well as the cere- 
bellum. To accomplish this diffuse in- 
nervation, the axons from each nor- 
adrenergic neurone must branch 
perhaps a hundred thousand times. 

Several laboratories have reported a 
Startling feature of these ascending 
aminergic projections. Only about 5% 
of the axonal varicosities from which 
neurotransmitter would appear to be 
released are associated with postsyn- 
aptic neurones. The remainder lack the 
close cellular apposition, subsynaptic 
web and postsynaptic membrane thick- 
ening which characterise classical syn- 
apses in electron micrographs. The 
implication is that the majority of 
amine-containing varicosities release 
neurotransmitter which must diffuse to 
remote receptors, a mode of operation 
intermediate between the private ad- 
dressing of classical synaptic messengers 
and the broadcasting of neuroendocrine 
secretion. 

The technique used in these studies 
was adopted by the Descarries group 
at the Université de Montréal from a 
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procedure developed by Aghajanian at 
Yale University. Radiolabelled nor- 
adrenaline or 5-HT is topically applied 
(in vivo) to a region of the brain for 
just long enough to be preferentially 
accumulated by noradrenergic or sero- 
tinergic neurones. The tissue is then 
prepared for autoradiography and 
examined by electron microscopy. 
Specificity of labelling was verified by 
demonstrating that neuronal accumu- 
lation of label was blocked by inhibitors 
of specific uptake or by lesions which 
selectively destroy one class of neurones. 

*H-noradrenaline applied to rat cer- 
ebral cortex was found to be taken up 
and distributed in noradrenergic 
neurones in a pattern closely similar 
to that of endogenous noradrenaline 
(Descarries et al. Brain Res. 133, 
197; 1977). The radioactive label dis- 
persed along tiny diffusely projecting 
unmyelinated axons, which have small 
enlargements spaced at frequent in- 
tervals (1-3 #m). Label was highly con- 
centrated in these axonal varicosities, 
and was mainly associated with numer- 
ous small agranular synaptic vesicles. 
Although these varicosities have the 
appearance and inner structure typical 
of classical synaptic boutons, less than 
5% showed signs of being connected to 
postsynaptic membranes (as opposed to 
50% of unlabelled boutons in the sur- 
rounding neuropil). Labelled boutons 
making synaptic contact could not be 
distinguished morphologically from 
those without synaptic junctions. 

Such non-synaptic boutons may turn 
out to be a common characteristic of 
brain aminergic systems. The axonal 
projections of cerebral serotinergic 
neurones closely resemble those of nor- 
adrenergic systems, with only about 
5% of boutons marked by *"H-5-HT 
evincing synaptic contact (Descarries 
et al. Brain Res, 100, 563; 1975). 
Chan-Palay has shown that the exten- 
sive plexuses of serotinergic axons 
lying on both sides of the ependymal 
walls of the ventricles, in the arachnoid 
sheath around cerebral blood vessels, 


and in the pia over the spinal cord have 
numerous axonal boutons but lack post- 
synaptic structure (Brain Res. 102, 103; 
1976). Earlier approaches to tagging 
aminergic projections suggested the 
existence of non-synaptic varicosities in 
(presumably) dopaminergic endings in 
the striatum and in catecholamine and 
indolamine terminals of the median 
eminence (see references in Chan-Palay 
op cit.). 

It is important to note that in none 
of these systems have the axonal vari- 
cosities yet been shown to release their 
sequestered amines. However, indirect 
evidence suggests that release does 
occur. The non-synaptic boutons have 
all the components normally associated 
with neurotransmitter secretion. Fur- 
thermore, it seems unlikely that the 
large fraction of aminergic neuro- 
transmitter content which can be re- 
leased by depolarisation in vitro or 
stimulation in vive could be accounted 
for by the small fraction of boutons 
with synaptic contact. Release from 
non-synaptic boutons is known to occur 
in sympathetic neuromuscular junc- 
tions, such as in the vas deferens. 

What is the functional significance 
of these non-synaptic axonal boutons? 
The lack of close apposition to post- 
synaptic membranes implies that re- 
ceptors for released amines must be 
distributed farther afield than in 
classical junctions. 5—Hydroxytrypta- 
mine released into the cerebrospinal 
fluid of the ventricles could be carried 
to wide areas of the brain. Similarly, 
the diffuseness of ascending noradren- 
ergic and serotinergic projections would 
allow distribution of aminergic neuro- 
transmitters throughout the forebrain. 
Descarries and coworkers estimate that 
the cortex contains some 330,000 nor- 
adrenaline varicosities per mm’, with 
remarkably uniform distribution. Thus, 
every cell in the cerebral cortex may 
lie within less than 30 um of a` non- 
synaptic noradrenergic bouton. This 
arrangement suggests that release. of 
noradrenaline would alter the activity 
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of large populations of cells, rather 
than controlling individual targets on a 
one-to-one basis. Both Chan-Palay 
(Cerebellar Dentate Nucleus Springer- 
Verlag, 1977) and Descarries et al. (op. 
cit.) speculate that these aminergic 
systems may be used as neuromodu- 
Jators, biasing the responses of target 
cells to classical neurotransmitters and 
shaping the activities of large neuronal 
regions. 

Regardless of whether non-synaptic 
boutons turn out to release neuro- 
transmitter, a neuromodulatory role for 
these diffuse aminergic projections is 
suggested, both by their anatomical 
arrangement and by neurophysiological 
data. Freedman and coworkers for 
example, recently reported that nor- 
adrenergic activation, although sup- 
pressing spontaneous firing of cere- 
bellar Purkinje cells produced a relative 
enhancement of the Purkinje response 
to synaptic inputs from other cells 
(Expl Neurol. 55, 269; 1977). Nor- 
adrenergic projections to the forebrain 
contrast with the fibre pathways of 
classic neuroanatomy not only in the 
diffuseness of their distribution, but also 
in topographic organisation In classi- 
cally described long pathways the 
terminal projections of individual cells 


Egg activation 


from Duncan O'Dell 


WHEN an egg is fertilised, many of its 
properties change promptly Most spe- 
cies show an énorease in the rate of 
respiration, protein synthesis is turned 
on, permeability and transport charac- 
teristics of the surface membrane 
change, a block to the entry of super- 
numary sperm is established and 
meiosis, where appropriate, is resumed. 
It has long been considered that during 
oogenesis an egg acquires all the 
machinery necessary to respond rapidly 
to fertilisation, but that these several 
responses become ‘blocked’ until they 
are ‘activated’ by the entry of a sperm. 
For many years, there has been a 
search for the ‘switch’ or ‘switches’ 
that would serve to activate eggs and 
explain why so many different pro- 
cesses get turned on more or less to- 
gether. This search was complicated 
by the fact that some eggs, such as 
those of sea urchins, can be partheno- 
genetically activated by any of a long 
and confusing list of treatments where- 
as others, such as those of sea squirts, 
are refractory to most procedures tried. 
Matters became much clearer in 1974 
a t ee a a 
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are generally arranged so that a map 
of the total projection field corresponds 
topographically with the distribution of 
cell bodies. R Y Moore and coworkers 
have found that this sort of organis- 
ation does not occur in noradrenergic 
projections from the locus coeruleus to 
the neocortex; rather, projections from 
a single cell are widespread, with vast 
overlapping (A. Rev. Neurosci. in the 
press). Interestingly, many of the brain 
regions receiving noradrenergic input 
make reciprocal connections back to 
the tiny locus coeruleus nucleus These 
observations suggest that the diffuse 
ascending aminergic systems represent 
a distinct category of neuronal organis- 
ation. 

A neuromodulatory role is concord- 
ant with a massive literature implicating 
amines in various aspects of behaviour. 
A leading biochemical theory of schizo- 
phrenia suggests malfunction of do- 
paminergic systems Alterations in 
mood are correlated with neuronal 
availability of noradrenaline. Many 
studies have linked catecholamines and 
indolamines to vigilance, reward, and 
learning, yet it has not been possible to 
identify a specific aminergic role in any 
of these behavioural processes. That 
elucidation may now be a step closer. 


when Steinhardt and Epel (Proc. natn. 
Acad, Sci. U.S.A 71, 1915) showed 
that the ionophore for divalent cations, 
A23187, would activate echinoderm 
eggs; subsequent work by these and 
other authors has shown both that 
many other eggs can e similarly acti- 
vated and that the movement of 
calcium ions is intimately involved in 
the process. 

In a more recent analysis (Johnson 
et al. Nature 262, 661; 1976) the acti- 
vation of sea urchin eggs was divided 
into two stages. The first, which occurs 
in the minute after fertilisation or acti- 
vation, involves the exocytosis of the 
granules umder the surface of the egg 
leading to various surface changes and 
it is this event that can be brought 
about by the calcium ionophore. The 
second stage, about three or four min- 
utes Jater, involves the onset of macro- 
molecular syntheses and the most 
interesting feature here is that the first 
stage is not a prerequisite for the 
second. A number of treatments— 
ammonia, procaine, nicotine—aH lead 
directly to the metabolic activation of 
the egg. Johnson et al. showed that all 
these agents caused an efflux of Ht 
ions with a subsequent rise in the intra- 
celular pH of the eggs. If this efflux 
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of acid was blocked in various ways, 
the second stage of activation did not 
occur. It was then suggested that low 
intracellular pH served as the natural 
‘block’ of metabolism before fertilisa- 
tion, with the caveat that this sort of 
analysis has not yet been performed 
on many species of egg. Johnson et al. 
concluded iby speculating that such 
shifts of intracellular pH could be re- 
gulating mechanisms elsewhere when 
quiescent cells resume division. 

In this issue of Nature (page 590) 
Lopo and Vacquier take up the chal- 
lenge presented by this speculation. 
First, the observation that intracellular 
PH rises after fertilisation ds confirmed. 
But the changes in pH have also been 
followed for much longer during devel- 
opment, and it has been found that the 
higher pH of the newly fertilised egg is 
not maintained for long. Since the ac- 
tively dividing cells of cleavage stage 
embryos seem to have an intracellular 
pH lower than that of the ‘blocked’ 
mature egg cell, it would seem that low 
pH alone is no absolute barrier to the 
processes involved in preparing for 
mitosis. The initial rise in pH, then 
somehow serves irreversibly to ‘un- 
block’ the egg. However there may still 
be a link between DNA synthesis and 
gross intracellular pH as Lopo and 
Vacquier show by use of procaine. This 
drug promotes DNA synthesis and a 
high intracellular pH; when procaine 
is removed, both fabl 

It seems established, then, that at 
least in sea urchin eggs an early event 
folowing fertilisation is a rise in intra- 
cellular pH and that this rise is 
associated with the onset of the pro- 
cesses of early development, but the 
higher pH is not necessary for the com- 
pletion of these processes. Clearly, 
there is scope for further analysis here. 
All these pH measurements were made 
on egg homogenates and subtle local 
variations within the cell would have 
been missed. The mode of action of a 
drug such as procaine is by no means 
exactly certain. More work needs to be 
done before one can interpret the con- 
sequences of a rise in intracellular pH. 
with confidence However, the past 
three years, starting with Steinhardt 
and Bpel’s experiments on A23187, 
have taught us a great deal about fer- 
tilisation and egg activation Although 
the definitive analysis is not yet quite 
in sight important experiments are 
being done and there is a feeling that 
an interpretation will be made. At the 
beginning of this century good scien- 
tists worked hard on the problem but 
mainly produced a baffling list of egg 
activating treatments, there is now 
hape that the scientific great-grand- 
children of pioneers like J. Loeb will 
be able to intenpret that list in terms 
of calcium levels, pH shifts, surface 
membrane changes and so on. g 
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Ciliar dyneins 
from Roy Burns 


Tue similarities between the molecular 
basis of muscle contraction and the 
beating of cilia flagella have been evi- 
dent for several years. Both mechan- 
isms involve the sliding of parallel 
“filaments, resulting from the hydro- 
lysis of ATP -by enzymes which 
transiently form crossbridges between 
the adjacent’ filaments: the myosin 
heads in the case of muscle and the 
dynein-containing side arms of cilia 
and flagella. Furthermore, the demon- 
stration by Gibbons and Gibbons 
(J. Cell Biol. 63, 970; 1974) that the 
crossbridges of sea urchin sperm 
flagella are frozen when the ATP con- 
centration is suddenly lowered, result- 
ing in rigor, strongly suggests that the 
dynein-ATPase crossbridge cycle re- 
sembles the Lymm-—Taylor cycle of 
muscle (see News and Views 235, 362; 
1972). It is however dangerous to ex- 
tend the analogy too far, and Warner, 
Mitchell and Perkins (J. molec. Biol. 
114, 367; 1977) have recently shown 
that the outer sidearms of cilia are 
structurally much more complex than 
the myosin head crossbridge. 

Each of the outer doublets of cilia 
and flagella bear a pair of sidearms 
which tangentially approach the 
neighbouring doublet. These sidearms 
can in general be removed by dialysis 
against low ionic strength buffer, and 
the outer sidearm selectively extracted 
with 0.5M KCI (Kincaid, Gibbons & 
Gibbons J. supramolec. Struct. 1, 461; 
1973), and the principal component 
present in such high salt extracts from 
sea urchin sperm tail axonemes is the 
high molecular weight ATPase termed 
dynein-A. Warner er al. have examined 
such a preparation of dynein-A from 
cilia from both Tetrahymena and the 
gills of the lamellibranch Unio by 
SDS-gel electrophoresis and by nega- 
tive Staining. 

SDS-gel electrophoresis of the Unio 
gill axonemes shows two principal high 
molecular weight bands, present in a 
2: 1 ratio, and four additional com- 
ponents with molecular weights greater 
than 300,000 daltons. Extraction with 
high salt selectively removes approxi- 
mately half of the major component 
(Band-3) which has an estimated 
molecular weight of 360,000 daltons. 
When the high salt supernatant from 
either Unio or Tetrahymena is ex- 
amined by negative staining, three 
principal structures are observed: a 
9.3nm spherical particle with or with- 
out a centrally located accumulation 
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of stain, and aggregates of 2-6 of these 
9.3-nm subunits. A fourth unrelated 
particle is occasionally observed in the 
Unio preparations with dimensions of 
9.4 X 12.7nm together with some 
solubilised tubulin and some unidenti- 
fied 200 x 3.5nm_ filaments. The 
9.3-nm particle is consistent with a pro- 
tein of molecular weight 348,000 
daltons, and in view of the extraction 
conditions is considered to be the 
monomeric form of dynein-A. 

This particle is, however, significantly 
smaller than the attached sidearm, 
which in Tetrahymena is hook-shaped 
and measures 20-22 x 8—-10nm (Allen 
J. cell Biol. 37, 825; 1968). Warner 
et al. find that the outer sidearm can 
be resolved by negative staining into 
at least three morphological subunits, 
with a centre-to-centre spacing of 
7.5 nm. What then is the relationship 
between these smaller subunits and the 
9.3-nm extracted particles? Three 
possibilities are suggested; first, that 
the outer sidearm is composed of one 
or more non-enzymatic molecules with 
an identical molecular weight to 
dynein-A. This possibility should not 
be discounted as the resolution of 
SDS-gel electrophoresis is low in the 
high molecular weight range (= 10,000 
daltons), and the high salt extraction 
removes only half of the Band-3 com- 
ponent, the remainder presumably 
being a different protein with the same 
molecular weight. The second possi- 
bility is that the sidearm is a polymer 
of the 9.3-nm particle. In order to 
account for the lower centre-to-centre 
spacing of the subunits of the intact 
arm it is necessary for a conforma- 
tional change to occur during extrac- 
tion, or for the subunits to be super- 
imposed in situ, and indeed the side- 
arms are tilted towards the base at an 
angle of 28° from the perpendicular. 
The third possibility is that only the 
distal portion of the sidearm is extrac- 
ted, the proximal part remaining 
attached to the outer doublets but in 
a form undetected by either negative 
staining or conventional electron 
microscopy. However, all of these 
alternatives indicate that the sidearm 
is much more complex than the myosin 
head, and support the view that 
although the two contractile mechan- 
isms share certain properties, they are 
unrelated. 

Finally, Warner et al. have 
numbered the Unio and Tetrahymena 
high molecular weight axonemal pro- 
teins 1-6, while Gibbons er al. Gn Cell 
Motility, Cold Spring Harbor Con- 
ferences on Cell Proliferation (eds 
Goldman, Pollard & Rosenbaum) 3, 
915; 1976) had labelled the sea urchin 
proteins Band-C, A, D, and B, where 
Band-A corresponds to dynein-A (also 
termed dynein-1) and to Warner’s 
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Band-3. At first sight this suggests a 
proliferation of cumbersome nomen- 
clature. Two points should be made: 
first, Gibbons has defined the dyneins 
as high molecular weight (above 
300.000 daltons) microtubule- 
associated ATPases so that certain. of 
the sea urchin high molecular. weight 
proteins, for example Band-B,; which 
lack ATPase activity are not by defini- 
tion dyneins. Second, it is clear that the 
same experimental procedure does not. 
necessarily extract the same compo- 
nents from all cilia and flagella;..for 
instance the cilia and flagella of 
Aquipecten differ in their extraction 
properties (Linck J. Cell Sci. 12, 951; 
1973) and not all species of sea urchin 
behave identically. It is probably wise 
therefore to retain separate nomencla- 
tures until the function and location of 
each of the high molecular weight 
components is clear. The differences in 
the extraction of different cilia and 
flagella suggest also that the elucida- 
tion of the structure and mechanism of 
movement may be hastened by exploit- 
ing obscure organisms rather than con- 
fining our attention to a single widely 
available species. g 


Coulson rules OK 


from John Walker 


Tue problem of calculating the elec- 
tronic energy levels of defects in semi- 
conductors has not been solved, and 
is currently the subject of much 
controversy; some new results and re- 
interpretations of data on point defects 
in diamond. by Gordon Davies 
(Nature 269, 498; 1977) strongly 
suggest that the method of calculation 
proposed by Coulson as far back as 
1957 (Coulson & Kearsley Proc. R. Soc. 
A241, 433; 1957; see also Coulson & 
Larkins J. Phys. Chem. Solids 32, 2245; 
1971) is the most appropriate one. 
Since the 1920s and the develop- 
ment of quantum mechanics it has 
been possible to calculate with reason- 
able (and in some cases extreme) 
accuracy the electronic energy levels 
of atoms and molecules, and hence 
their characteristic spectra. The cal- 
culations are simplified because an 
atom is an isolated system; the 
electrons do not interact with other 
atoms. Molecules are more difficult, 
but only a few atoms are involved, at 
least in the case of simple molecules. 
In a solid the analogous problem 
to the hydrogen atom is an electron 
bound to a lattice defect such as a 
vacancy. Here the situation is complex; 
the surrounding lattice atoms must be 
taken into account, since they are 
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intimately connected to the defect by 
chemical bonds. They affect the 
magnitude and symmetry of the 
potential seen by the electron, and 
this influence is complicated by the 
fact that they can vibrate and become 
distorted. 


In semiconductors there are simpli- 
fications in some cases—the so-called 
‘shallow’ centres—whose energy levels 
lie close to the edges of the forbidden 
gap. These can be treated in a hydro- 
genic approximation. For ‘deeper’ 
levels the approximate treatment does 
not work, and diamond is particularly 
difficult because its forbidden gap is 
wide (which is why diamond is trans- 
parent) and all levels are deep. 


On the other hand, a diamond is 
effectively a giant in theoretical 
chemistry? So why not apply to it the 
techniques used in theoretical 
chemistry? This is what Coulson and 
Kearsley did. They treated the neutral 
vacancy (a lattice site from which the 
carbon atom has been removed) as a 
‘defect molecule’ containing four 
electrons—the ‘dangling bonds’ from 
the four  nearest-neighbour carbon 
atoms which were broken in creating 
the vacancy. (For a positive or a 
negative vacancy there are three or five 
electrons.) 


The calculations predicted a ‘E 
groundstate with a ‘T, state about 2 eV 
higher in energy. (E and T, denote 
doublet and triplet orbital states. The 
superscript=2S+1, where S is spin, 
as in atomic spectroscopy. Hence S is 
zero in this case.) The transition 'E to 
*T: is allowed. It so happens that an 
absorption band in irradiated diamond 
-the GR1 band—occurs at about 2 eV 
and has a non-paramagnetic (S=0) 
ground state. Since irradiation pro- 
duces vacancies it was reasonable to 
assume that this absorption band was 
due to the neutral vacancy. Experi- 
mental work 16 years later (Clark & 
Walker Proc. R. Soc. A334, 249; 1973: 
Davies & Penchina Proc. R. Soc. A338, 
359; 1974) confirmed that the GRI 
transition was indeed between an E 
ground state and a T excited state. So 
the Coulson calculations seem to work. 


In his paper Davies has suggested 
that the calculations work equally well 
for the negatively-charged vacancy 
(V~). He has pointed out that irradia- 
tion of some diamonds (the so-called 
type Ib) gives a much weaker GRI 
band than normal, but produces very 
strong absorption in the ultraviolet— 
the NDI band. Since it is unreasonable 
to assume that irradiation produces 
vacancies in some diamonds but not in 
others, Davies argues that they are 
being produced in a different charge 
state. Type Ib diamonds contain 
nitrogen, which should be a donor, so 
vacancies are likely to be in the 


negative rather than the neutral charge 
state. The calculations predict that V~ 
probably has a *A» ground state, with 
an allowed transition to a ‘Tı excited 
state several eV higher in energy. 
Earlier work. (Davies & Lightowlers 
J. Phys. C:Solid State Physics 3, 638; 
1970) has shown that NDI is indeed 
due to an A to T transition and that 
the defect is tetrahedral, as one would 
expect for a vacancy. Furthermore, 
Dyer and Du Preez (J. chem. Phys. 42, 
1898; 1965) have demonstrated that 
NDI is paramagnetic, which it would 
be with a ʻA: ground state. They have 
also shown that the NDI absorption 
can be strengthened, and GR1 reduced, 
or vice versa, by shining light of 
appropriate wavelengths on the 
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diamond. This phenomenon is easier 
to explain if NDI and GRI are 
different charge states of the same 
defect, rather than being different 
defects, as was formerly assumed. 
Davies’s suggestions therefore fit the 
facts. They indicate that further work 
is desirable on the NDI centre in EPR. 
They imply that the sign of charge 
carriers involved in photoconductivity 
at NDI and GRI should differ, which 
can be checked. And most important 
of all, they imply that the ‘defect 
molecule’ approach of Coulson and his 
coworkers is the best way to calculate 
the electronic properties of defects in 
semiconductors. It is to be hoped that 
Davies’s work will stimulate further 
activity amongst the theoreticians, [7 


Primaeyal heavy leptons 


from P. C. W. Davies 


Discoveries in subatomic particle 
physics take place against a continual 
struggle for more technology and 
money. The Universe enjoys complete 
freedom from these worries and pro- 
duces for free events which may tax 
human resources to the limit. During 
the big bang, exceedingly high tem- 
peratures and energies stimulated sub- 
atomic processes of all varieties, some 
of which have left relics for us to ob- 
serve today, so it has become increas- 
ingly attractive to confront the 
theoretical work on these processes 
with astrophysical and cosmological, as 
well as technological, data. 

A famous example of this appoach 
concerns the unknown rest mass of the 
neutrino, which most physicists would 
like to be zero. Laboratory experiments 
are not particularly sensitive to the 
neutrino mass, but cosmology is. A 
study of the fireball resulting from the 
big bang indicates that the entire Uni- 
verse should be filled with primaeval 
neutrinos, about three hundred of 
them per cm*—-a billion times more 
numerous than atoms. The existence of 
a similar background of photons was 
confirmed by observation in 1965, but 
neutrinos interact so weakly with 
matter (it would take a lump of lead 
several thousand light years thick to 
absorb them) that their presence has 
remained undetected. Nevertheless. 
their energy will gravitate like any 
other, and thereby influence the char- 
acteristics of the expanding Universe. 
Tf they do possess even a tiny rest mass. 
they are present in such profusion that 
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neutrinos could dominate the cosmo- 
logical motion. It has been estimated 
that a neutrino mass in excess of 40 eV 
(about 10°‘ of the electron mass) would 
be sufficient to cause the expansion of 
the Universe to decelerate more rapidly 
than observations permit, and eventu- 
ally to bring about its demise by 
gravitational collapse. 

In two recent papers in Physical 
Review Letters, similar arguments have 
been used to place mass limits on a 
hypothetical new particle: a neutral 
heavy lepton. This entity is predicted by 
some recent gauge theories of weak 
interactions and is being actively sought 
by particle physicists. Its properties 
would be rather like those of a super- 
heavy neutrino. If these particles exist, 
they would have been present along 
with their antiparticles in the primaeval 
fireball, but their high mass would have 
greatly reduced their abundance over 
that of ordinary neutrinos. In the first 
paper, the late Benjamin Lee of Fermi- 
lab, and Steven Weinberg of Harvard 
University (currently on leave at 
Stanford) consider the thermal equi- 
librium abundance of the heavy leptons 
when the temperature of the Universe 
was about 10° K (about one second 
after the big bang). Before this point 
the cosmic matter density was so high 
that even the feebly-interacting neu- 
trinos would have felt its presence and 
been held in thermal equilibrium with 
it. This fact enables the abundance of 
neutrinos and other particles to be 
calculated from the common tempera- 
ture of all the primordial material. 
However, when it comes to calculating 
the abundance of the heavy leptons. it 
turns out that their density would have 
been so low that their natural incli- 
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A hundred years ago 


Tue GeLapa.—Seéveral living speci- 
mens of this ‘extremely rare Abys- 
sinian monkey first described by Dr 
Ruppell in 1835, have quite recently 
reached. this country for the first time 
and are being exhibited at the 
Alexandra Park. The exact affinities of 
the species have never been fully 
determined, different biologists placing 
it, some with the Macaques, others 
with the Baboons. It is peculiar in that 
the male is covered with very lengthy 
hair like that of the Wanderoo, whilst 
the female is a much more ordinary- 
looking monkey. In the male, also, 
there is a bare spot, in shape like an 
inverted T, upon the breast which is 
of a light-pink colour, becoming red 
and expanded into an inverted heart- 
shaped patch upon excitement. The 
tail is long and like that of a lion, 
having a bushy tuft at the extremity. 
The colour is a sooty dark-grey brown, 
verging upon black; the hands and face 
are black; the nails are powerful and 
long. The size of the male is about 
that of a Chimpanzee four years old. 
The eyes are close together, and the 
snout prolonged. The living animal has 
a habit of everting the whole upper lip 
when irritated and thus exposing its 
formidable array of teeth. 


From Nature 16, 11 October, 512; 1876. 





nation to annihilate with their anti- 
particles was inhibited, simply due to 
the rarity of particle-antiparticle en- 
counters. (Consequently, relatively more 
of them would have escaped this fate 
and survived to populate the Universe. 
Using a simple model of the primaeval 
fireball, Lee and Weinberg are able to 
show that the mass of these heavies 
must be at least about 2 GeV (four 
thousand times the mass of the elec- 
tron) to avoid the gravity of this residue 
drastically decelerating the Universe. 
Curiously, the same argument which 
places an upper bound on the neutrino 
mass places a lower bound on the 
heavy lepton mass. The reason for this 
is that the heavier the particles the 
more they gravitate individually, but 
the less abundantly they are produced 
at a given fireball temperature. Because 
of these competing effects, the com- 
bined gravity of all the particles is 
greater if either the mass is especially 
low or high—very many light particles 
or a few very heavy ones. In the neu- 
trino case, we know from laboratory 
experiments that the mass is tiny, so 
the individual-gravity factor dominates, 


but the reverse is true of the heavy 
lepton, and it is the abundance factor 
which is more important. 

A fascinating consequence of this 
calculation is that the abundance of 
these particles, if they exist and are not 
too massive, could still be high enough 
to contain nearly all the mass of the 
Universe, which opens up the prospect 
of dozens of times more matter in the 
form of weakly interacting, virtually 
unobservable, heavy neutrinos than in 
all the galaxies. If this is correct, then 
it might indeed be sufficient to cause 
the cosmological expansion eventually 
to reverse into collapse. 

In the second paper, Duance Dicus 
and Edward Kolb of the University of 
Texas at Austin, and Vigdor Teplitz of 
the Virginia Polytechnic Institute 
consider how the Lee—Weinberg result 
would be modified if the heavy neu- 
trinos are weakly unstable, and decay 
after a while into ordinary neutrinos. 
The essence of their calculation is the 
observation that cosmic neutrinos 
resulting from recent heavy lepton 
decays are more energetic, and hence 
gravitate more strongly, than the 
primordial ones, because the latter 
have been redshifted to low energies 
by the expansion ever since the big 
bang. Hence the cosmological measure- 
ments provide a limit on the lifetime 
of the lepton. However, this quantity 
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can also be inferred from the theory of 
weak interactions if the mass of the 
lepton is known. Turning the argument 
round, the lifetime limit can be used 
to place an upper bound on the mass, 
which works out at about 10 MeV, or 
less than one hundredth of the Lee- 
Weinberg value for a stable heavy 
lepton. The particle lifetime corre- 
sponding to this is about a year. 


The authors have checked that any 
high energy photons also produced in 
the decay events during the first few 
hundred million years would have been 
degraded (thermalised) by scattering. 
Those produced after this would be 
swamped by the cosmic X-ray back- 
ground, so are not detectable. Nor do 
the energetic decay neutrinos affect the 
nucleosynthesis in the primaeval fire- 
ball, because at 200s this process 
occurs too early for the decay products 
to have accumulated significantly. Un- 
fortunately, the presence of the decay 
neutrinos, in spite of their higher 
energy, is still too ephemeral to register 
in neutrino detectors or noticeably to 
affect protons in cosmic rays so that, 
intriguing though these ideas are, no 
positive experimental verification of 
cosmic heavy leptons appears likely. 
Nevertheless, the imposition of mass 
bounds at least lets the laboratory 
physicist know what to expect from 
terrestrial ones. 0 


What future for Antarctic geology? 


from Peter Barker 


The 3rd Symposium on Antarctic 
Geology and Geophysics held at 
Madison, Wisconsin, on 22-27 
August, was cosponsored by SCAR, 
IUGS and ICG. The organising 
committees, chaired by Campbell 


Craddock (University of Wisconsin— 
Madison), ensured a friendly and 
interesting meeting. 





ANTARCTIC Earth science can be a 
slow, difficult business, at sea as well as 
on land. The weather is often foul and 
the ratio of outcrop to ice vanishingly 
small. The great expense of putting a 
party into the field can generate years 


of delay, and tends particularly to dis- 


courage the return visit which a 
mature assessment of the first season’s 
work often recommends. Along with 
delay, these conditions breed uncon- 
scious error, over-reached speculation 
and a parochial viewpoint, and ensure 
their prolonged survival in the litera- 
ture. Nevertheless, the past few years 
have seen a revolution in the earth 
sciences generally, and considerable 


funds allocated for Antarctic research. 
The importance of the symposium at 
Madison, therefore, lay not in its being 
larger, better attended and broader in 
scope than its predecessors at Oslo 
(1970) and Cape Town (1963), but in 
the opportunity it provided to assess 
the quality and global relevance of 
contemporary Antarctic earth science, 
and consider its future. 

Continental geology, the traditional 
core topic, occupied less of the pro- 
gramme and produced few of the kind 
of surprises which must have animated 
past meetings: the heroic age of ex- 
ploration and reconnaissance mapping 
is past, the emphasis shifted towards re- 


- mapping anomalous areas and ques- 


tioning the reality of the classically- 
defined widespread orogenic episodes 
(in North Victoria Land, for example). 
Better descriptions of the oldest Ant- 
arctic rocks and more confident 
(although conflicting) comparisons with 
neighbouring Gondwana continents 
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were evident than at Oslo, but for most 
of Antarctica the isolated coastal ex- 
posures and ice-covered interior seem 
a crucial impediment to further under- 
standing. Radar ice-thickness measure- 
ments are revealing something. of 
sub-ice morphology and, in those rare 
cases where allied geophysical data are 
available, seem capable of generating 
some small, speculative understanding 
of the interior. There is no doubt, how- 
ever, that the geology of most of Ant- 
arctica, East and West, and its 
important glacial history, will remain 
obscure without an expensive and time- 
consuming programme of survey-con- 
trolled, regional sub-ice drilling. 


Perhaps the liveliest part of the 
symposium, in contrast, was a two-day 
section on the geodynamics of the 
Scotia Arc. Considerable progress has 
been made since 1970, particularly 
in understanding southern South 
America’s evolution and strengthening 
its connection with South Georgia. A 
Cainozoic age for almost all the Scotia 
Sea is now established, but the earlier 
history of the region remains un- 
certain. A crucial unknown, the posi- 
tions of the Antarctic Peninsula and 
South America at the Gondwanaland 
margin, should emerge shortly; mag- 
netic anomaly-based Gondwanaland re- 
constructions at Madison were conflict- 
ing, but obviously convergent, and the 
growth of marine geophysical interest 
in the Weddell Sea should complete 
the puzzle. 

Under the influence of geodynamics, 
some Scotia Arc studies are oriented 
towards the processes involved in for- 
mation. The area is particularly well- 
endowed with back-arc basins, and a 
geochemical data base for these and 
other active margin igneous processes 
as broad as any in the world is now 
available. 


Mineral resources, presently occupy- 
ing the attention of Antarctic Treaty 
signatories were considereu in only six 
out of about 150 papers. This dearth 
does not reflect wilful ignorance (the 
academic ostrich! ), nor in the informal 
opinion of the meeting does it hide a 
much greater actual knowledge. 
Simply, reconnaissance mapping is 
complete and any resource detectable 
by such means is known; none is eco- 
nomic to extract at present, and such 
more detailed, follow-up surveys as 
‘have been carried out have proved no 
more fruitful. Offshore petroleum pros- 
pects were not discussed at Madison 
but this case is essentially similar, 
although there has been less recon- 
naissance. 


The main goal of Southern Ocean 
marine geology (a topic hardly con- 
sidered at Oslo) is an understanding of 
the interdependence of climate, cir- 
culation, sedimentation and Antarctic 


Have gunk, will travel 


from Peter J. Smith 


A nuée ardente is a rapidly flowing, 
turbulent and often incandescent 
cloud of gas and ash originating in an 
explosive volcanic eruption. The first 
one to come to the attention of 
scientists, but surely not the first ever 
to be seen, was that from Mt Pelée 
(Martinique), which in 1902 over- 
whelmed the town of St Pierre, killing 
all but two of the inhabitants. This 
still remains the most famous of all, 
although many others, including much 
larger ones, have been observed since, 
not least from Mt Pelée itself. 

But observation is one thing and 
scientific investigation is another; by 


their very nature nuées ardentes in 
action (as opposed to the deposits they 


leave behind) are not particularly 
amenable to the latter. The pioneer in 
this field was Frank Perret, who 
studied hundreds of nuées ardentes at 
close quarters after the eruption of 
Mt Pelée in 1929, captured their visual 
beauty in a remarkable series of photo- 
graphs, and almost ended as a victim of 
one. Today, however, some aspects of 
glowing clouds may be studied from 
the relative safety of an aeroplane, 
which is how Moore and Melson (Bull. 
Volcan. 33, 100; 1969) observed the 
1968 eruption of Mt Mayon (Philip- 
pines) and how Stith et al. ( Geophys. 
Res. Lett. 4, 259; 1977) approached the 
eruption of St Augustine Volcano 
(Alaska) in 1976. 


glaciation in a ocean basin of changing 
shape and with the most vigorous 
oceanic current system in the world. 
At Madison, papers based mainly on 
Deep Sea Drilling data and the Eltanin 
piston core collection attempted partial 
analyses of some of these relationships 
over time intervals varying from 1,000 
years to 150Ma. Individual papers 
were interesting but the pervading im- 
pression was of a huge field largely 
unexplored, with the gaps between 
contributions at least as important. 
The four disparate fields considered 
above, with very few exceptions, con- 
tain all that is of wider interest in 
Antarctic earth science at present. 
They are at very different stages of 
development, from youth to old age, 
and their futures too are likely to 
diverge. Marine geology should prosper 
independently, with the driving force 
of the Southern Ocean’s importance to 
world climate and primary pro- 
ductivity, and the basic unity of 
circum-Antarctic circulation as a con- 
straint on the multi-disciplinary ap- 
proach. One looks, perhaps, for an 
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One of the most conspicuous 


characteristics of a nuée ardente is, of 
course, 
books usually give as “perhaps 100 
kilometres an hour” 
equally vague but which Stith and his 
colleagues have now determined much 
more accurately using aerial photo- 
graphy. Thus the nuée ardente pro- 
duced by St Augustine Volcano on 8 
February 1976 began moving down the 
initial 1:3 slope with a speed of 180 
km per hour, slowed to 75.6km per 
hour down the subsequent 1:7 grad- 
ient, then to 46.8 km per hour (1: 12) 
and finally to 21.6 km per hour (1 : 28) 
before entering the sea 6km from the 
volcanic cone. The average speed was 
54.0km per hour, which means that 
the 6km was covered in less than 6.7 
minutes. 


its speed, which reference 


or something 


The chief reason for such astonish- 


ing speeds is the ‘fluidisation’ of the 
volcanic particles brought about by the 
release of gases, 
greatly reduces the frictional resistance 
of the mass as it moves under gravity. 
The dangers are obvious. 
ardente travels not only rapidly but 
with very little noise. A community 
in its path may be overcome without 
ever knowing what happened. 


a process which 


A nuée 


a 
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injection of numerical modelling, to 
link through the huge range of period- 
icities being examined and to direct 
further sampling. 

The future of Antarctic geology is 
less certain. Some aspects, such as 
Scotia Arc studies, may continue to 
develop and, as the emphasis in 
geology changes, remain as fertile 
ground for the study of processes. For 
much of Antarctica, however, a similar 
transition from unmapped wilderness 
to geological laboratory may not be 
possible; without sub-ice drilling too 
little of the context may ever be 
learnt. The value of Antarctica to 
global geology will then decline. Eco- 
nomic geology has reached a similar 
impasse. Workable deposits within and 
around Antarctica must exist and, 
given the increasing world pressure on 
known resources, continued interest is 
inevitable. There are no easy, short- 
term prospects, however, so the oppor- 
tunity is still there for a balanced, dis- 
interested political decision on the 
course of further exploration and 
exploitation. o 
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articles 





in variable radio sources 
J. F. C. Wardle 


‘Upper limits on the Faraday rotation 
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Data on the linear polarisation of variable radio sources are 
examined for evidence of a variable component of Faraday 
rotation. Strong upper limits are set, and these are shown to 


_ have profound implications for the physics of these sources, 


It is suggested that the electron energy spectrum is a 
relativistic Maxwellian rather than a power law. This may 
be consistent with the relativistic blast wave models of 
Blandford and McKee. 





Compact radio sources which contain appreciable quantities of 
non-relativistic electrons will exhibit Faraday rotation and 
Faraday depolarisation at long wavelengths. The rotation at a 
frequency v is 


e n: H cos 


Zame y fad (al) 


X= 


where n, is the density of cold electrons, H is the magnetic field 
which makes an angle 9 with the line of sight, and / is the thick- 
ness of the source along the line of sight. When y ~ a few 
radians, the degree of linear polarisation drops to a small value’. 

If a radio source expands conserving magnetic flux, then x =< 
radius~*, Thus a variable radio source may exhibit variable 
Faraday rotation, If observations are made at two or more 
frequencies then changes in Faraday rotation can in principle 
be separated from changes in the intrinsic angle of polarisation. 
In this way, upper limits on the observed Faraday rotation can 
be used to place stringent upper limits on the density of cold 
electrons in compact radio sources. 

The results of four years of monitoring the flux density and 
linear polarisation. of 82 compact extragalactic radio sources 
were reported by Altschuler and Wardle*, and an analysis of 
the data was given by Altschuler and Wardle*. Thirty-two of 
the sources. showed. distinct variability in their polarisation. 
Since the observations were made at two frequencies (8,085 
MHz and 2,695 MHz), the data can be examined for the 
presence of Faraday rotation. 

An appreciable variable component of polarisation was 
observed in many sources at 2,695 MHz, suggesting that 
Faraday rotation is often not large at this frequency. We have 
used this to derive a crude upper limit on the cold electron 
density”, and we found that the ratio of the densities of relati- 
vistic to cold electrons was typically in the range Areal, ~ 1044, 

Here the data are examined more carefully and the limits 
on the density of cold electrons are improved by an order of 
magnitude. This is shown to have profund implications for the 
physics of compact radio sources. The data suggest that the 
energy spectrum of the radiating electrons may be a relativistic 
Maxwellian rather than a power law. Almost identical conclu- 
sions have been reached independently by Jones and O'Dell‘. 


The observational data 

In practice it is not a trivial task to isolate effects due to Faraday 
rotation from the data. There are several reasons. for. this: 
the variations in polarisation are rapid and intricate and: are 
often poorly correlated between the two frequencies; there 
are few well defined simple outbursts; and, perhaps: most 
important, the variable component is superimposed (vectorially) 
on a constant or slowly varying component of comparable 
amplitude (see refs 2 and 3). 

We cannot determine the polarisation of the underlying: 
component with much confidence in any case, so a simple 
statistical approach will be used. Of the 32 sources (from ref. 2} ` 
that exhibit variable polarisation, 16 are clearly variable-in the » 
degree of polarisation at both frequencies. In four cases the 
variations are distinctly uncorrelated between the two fre- 
quencies, and these sources have been dropped from the sample. 
For the remaining 12 sources the fluctuations in the degree of 
polarisation are fairly large and reasonably similar at both 
8,085 MHz and 2,695 MHz, suggesting that the sources are 
optically thin much of the time, and that we are looking at the 
same piece of the source at both frequencies. The 12 sources 
have been selected without regard to the behaviour of the 
position angle of polarisation or the total flux density. 

0851 +20 (05287) is particularly important. In March 1974, 
the polarisation jumped at both: frequencies from less than 
2.5% to over 12%, Here the source is undoubtedly optically 
thin. Also, the variable component is so strongly polarised 
that the effect of any underlying constant component is very 
small. 

If there is an appreciable variable component of Faraday 
rotation in these sources, we would expect to see changes in 
the position angle of polarisation at 8,085 MHz that are echoed 
at 2,695 MHz with an amplitude nine times larger. Inspection 
of the data in ref. 2 reveals no obvious cases of such behaviour. 
Usually the observed changes in position angle are either quite 
well correlated between the two frequencies, or else they are 
larger at the higher frequency. 

Rough upper limits on the amount of Faraday rotation 
can be placed in the following way. For each day’s observations, 
we take the difference between the position angles at the two 


the mean and standard deviation of Ay for all the observations 
of each source. (For 0851-+20, we have used only the data 
between March 1974 and June 1975). The mean, <Ay>, re- 
presents a constant component of Faraday rotation. This may 
be attributed to Faraday rotation both in our own Galaxy, 
and in whatever structure surrounds the variable radio source. 
The standard deviation, cA% x 9/8, is a rough upper limit on 
the r.m.s. Faraday rotation at 2,695 MHz inside the variable 
component. 

Two corrections should be made to this estimate. First, the 
average errors in the position angle measurements, CEs gss? 


s64 


and <S; s99, should be subtracted quadratically. Second, the 
effect of superimposing the polarisation of a constant com- 
ponent is to reduce the observed changes in position angle. 
This can be compensated for, to first order, by multiplying 
oAy by a factor (m-+m,)/m,, where m is the average degree of 
polarisation of the source, and m, is the r.m.s. amplitude of the 
variable component, both at 2,695 MHz. The upper limit on 
the r.m.s. variable Faraday rotation at 2,695 MHz is then: 


p 9/ m+m, 
TARIN ae, 


The results are presented in Table 1 for the 12 sources in our 
sample. 

It can be seen that in most cases o’Ay is of the order of half 
a radian, and in two cases is considerably less. These are, 
however, probably gross overestimates of the typical variable 
component of Faraday rotation in these sources. First, in each 
case (except 0851-1-20) we have used all the data, averaging 
over several outbursts. Presumably at certain times the sources 
may be opaque, leading to fluctuations in position angle that 
are not correlated at the two frequencies. Second, where there 
is limited data, or the variable component of polarisation has a 
large amplitude, then the amplitude of the underlying com- 
ponent may be badly overestimated, and hence too large a 
correction is applied to the observed values of oAy in column 
(3). Third, in five out of the seven cases where oAy is greater 
than 10°, inspection of the data shows that it is the position 
angle at the higher frequency that is showing rapid fluctuations, 
and is, therefore, unlikely to be due to Faraday rotation. 
In support of the first two points, for 0851+20 where it is 
certain that the source is optically thin, and where the effect 
of an underlying constant component is very small, we find 
o’Ay S 1/8 radian. 

We have found no evidence for variable Faraday rotation in 
these sources. From the above discussion, the typical amount 
of variable rotation at 2,695 MHz is most unlikely to be more 
than a few tenths of a radian. In the calculations that follow, 
however, we shall use the conservative upper limit of 0.5 
radians. 


(GAy?— <Es,0a5 2° — SEn) (2) 
2,695 MHz 


Calculations 


The Faraday rotation by cold electrons of density 7e is given 
by equation (1). The density of relativistic electrons can be 
estimated from the optically thin flux density. The emission 
coefficient for synchrotron radiation is given by® 


qa—p)/2 
ey = cs(PN (H snoyri(;*) @) 


2c, 


where the electron energy spectrum is of the form 
N(E) dE = No E? dE, E <E< E; (4) 


The optically thin brightness temperature is 
~ Ey / (5) 


The number density of relativistic electrons is 
Ey 


1- 
RRS [rw dE = Aenm [-(2) | (6) 


Ej 
where y = E/me?. 





Combining these we obtain 
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Table 1 The observed limits on Faraday rotation, at 2,695 HMz in 
12 variable radio sources 














Source (Ax) Cay o'a 
© © © 
0300-+ 47 15 3 : ji i5 
0605—08 64 13 39 
0735-4-17 5 7 <2 
0851+-20 23 6 3 
1055+01 —42 7 35 
1334—12 —50 19- 45 
1510—08 7 16 B 
1749+ 09 35 34 49 
1921—29 =5 7 25 
2155—15 21 13 2 
2200+ 42 67 37 33 

! ~1)/ 
Arei 4c, ce 3e RT, J (p-1)/8 
na se mee diona PR x 
ie Cs p-l sy tanO \ va 

imp 

x vfi- (2) ] (7) 

Yi 
where Vai = eH sind. 
2nme 


A lower limit on a/e is obtained by setting v = y;’vay. 
If p > 1, we allow y,;— œ for simplicity then 





ye T 1.510" In y,/¥,, ifp = 1.0 
Tt a x fas 1070 p=15 (8) 
Ne xtan 3.1 x 107% p = 2.0 


T, is typically observed® to be in the range 104-10" K, In the 
previous section we derived upper. limits on x of a few tenths of 
a radian at 2,695 MHz. Hence for all sources that show variable 
polarisation at 2,695 MHz, we find nre > Me. 

This limit is independent of the magnetic field strength and 
the source dimensions. This is important since it makes the 
argument independent of the distance to the source, and also 
independent of the path length through the source, which 
may not be observable for example in the case of a thin shell 
geometry. 


Lower limit on the 

relativistic electron energy spectrum 

The limits we have derived on the density of cold electrons are 
so severe that we must also consider Faraday rotation by the 
relativistic electrons themselves. This is dominated by the 
lowest energy electrons and therefore can lead to limits on the 
presence of low energy relativistic electrons. Faraday rotation 
by an electron with a Lorentz factor y is roughly proportional 
to y~2. (This is easily understood since in the rest frame of the 
electron, the radio photon is increased in frequency by a factor 
~y.) For a power law electron energy spectrum, the equivalent 
density of cold electrons is *’. 


(p—1p+2) In y; (9) 


n{equ) = (p+ 1) Arei yi 


where y; is the low energy cut off in the electron energy spectrum 
Combining (9) with equations (1), (3) and (5) we find 


pol 
x = Alp) =} (2) kT, cot® (10) 
i 
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(p+ 236- r)/2e3 


AQ) = “(+ 1c ,(p)nmc* 


where 


If the source becomes optically thick at a frequency close to 
2,695 MHz, then y~yn ~10~° T, (ref. 8). Setting x<} and 
6 = 45°, we obtain the limits on y; listed in Table 2. 

Since these are strong lower limits on y;, it is clear that the 
electron energy spectrum falls off rapidly at energies not far 
below the energy of the electrons radiating at 2,695 MHz. 
This requires that the acceleration mechanism produces 
copious electrons with Lorentz factors between 100 and 1,000, 
but few with Lorentz factors much below 100. This will be 
discussed later. 


Average energy per nucleon 

An important parameter for the dynamics of variable sources 
is the average energy per nucleon, Cyc”, where my is the mass 
of the hydrogen atom. A lower limit on T occurs when there 
is no non-relativistic plasma present. In this case 


E; 
(d+ of EN(E) dE 


PN Ei 
i Arey? ap 


where k is the ratio of the energy in the protons to the energy in 
the electrons. Values of k in the literature range from 0 to 
my/m~ 1,836 depending on the acceleration mechanism under 
consideration. As an example, with a power law energy spec- 
trum with p = 1, and using the limits on y; and y; in Table 2, 


Yi Yi Tr 
m DOT ~ 0.2(1+-k)— o(a) (12) 





= (1+4 Z 


Hence, unless k< 5 and y;< 5y, T >1 and the material inside a 
variable radio source is highly relativistic. For larger values of 
p the conditions are less stringent, but it seems likely that, in 
general, variable radio sources may contain purely relativistic 
plasma and that the internal sound speed is close to c/3. 

This result can be used to argue against certain simple models 
of variable radio sources based on non-cosmological redshifts. 
In attempting to understand the apparent ‘faster than light’ 
expansion of some sources observed using VLBI techniques, 
it is sometimes suggested that the radio sources may be closer 
than is indicated by their redshifts®. The double sources that 
are observed would then be separating at velocities comfortably 
less than the speed of light, and might simply be similar to the 
well known giant double radio sources, but on a very much 
smaller scale. 

The results found here, however, are independent of the 
distance to the sources. If each radio component of a double 
source expands freely, it will do so at about its internal sound 
speed, which we have shown to be very probably close to the 
speed of light. If the two components are separating more 
slowly than this then they will merge together, and a double 
source will not be seen at all. 

Therefore, as in the case of the giant double radio sources, 
it is necessary to restrict the velocity of expansion to less than 
the velocity of separation. There are two obvious ways of doing 
this, First, one might add non-relativistic matter to reduce the 
internal sound speed. From the arguments already presented, 
this can be ruled out. Second, the components may be confined 
by the ram pressure of the external medium’. This requires 
Peut? ~ internal energy density ~Ic?pinr, where Pex and Pint 
are the external and internal densities, and y is the velocity 
of the component through the surrounding medium. But in 
this model, Pext/Pin ~ component size/component separation 
<i. Hence we require v?>Ic*, which contradicts the original 
assumption that the motion is non-relativistic. 


565 





Table 2 Lower limits on the low energy cut off, Ya of the electron 





energy spectrum 
To p Yn Yt Yanl Ya 
(K) 
1.0 1,000 >4l <24 
lo? 1.5 1,000 > 100 <10 
2.0 1,000 > 161 <6 
1.0 100 >10 <10 
10 1.5 100 >21 <5 
2.0 100 >30 <4 





More complicated schemes could doubtless be constructed, 


but the internal energy densities in these sources are enormous, __ 


regardless of their distance. It is, therefore, not very surprising — 
if relativistic motions are observed. If the sources are at smaller 
distances than indicated by their redshifts, so that the measured 

motions are non-relativistic, then there may be severe difficulties - 
in constructing models that are consistent with the observed 
limits on Faraday rotation. ; 


Discussion 
We have used the observed limits on Faraday rotation in 
variable radio sources to argue that (1) the density of any cold 
electrons present is very much less than the density of relativistic... 
electrons; (2) the energy spectrum of the relativistic electrons 
cuts off rapidly at Lorentz factors not far below 100, and (3) _ 
the average energy per nucleon may well be > myc*. 
Further information concerning the electron energy spectrum: 


can be obtained from the radio spectra of the outbursts. The — 
rapid rate of decay of individual outbursts, and the relative: 
rates of decay observed simultaneously at 2,695 and 8,085 MHz 


suggests that the radio spectrum steepens with time’. This 
would be consistent with a high-energy break in the electron: a 
energy spectrum that sweeps through the radio window as the 


source expands. More direct evidence is given by Andrew et 


al. in the case of the giant 1968-69 outburst of 30354,3. 
Here the spectrum of the outburst itself can be followed. 
with some confidence, and again it is found that at late times 
the spectrum steepens drastically. 

This high-energy cut off may be caused by radiation losses or 


may be intrinsic to the electron energy spectrum. But in any 
case, it seems that the electron energy spectrum is relatively 


narrow, extending neither to very high energies nor to very low 
energies. This is an important clue to the nature of the accelera- 
tion mechanism. 

One possible spectrum of this type is a relativistic Maxwellian, 
of the form 


N(E) dE = NoE*e 7 dE (13) 


Formulae for computing the radiation from a relativistic 
Maxwellian distribution are given by Pacholczyk’. Such a. 
distribution can arise naturally in a plasma at very high tem- 
peratures which is in thermodynamic equilibrium. The observed 
brightness temperatures suggest that plasma temperatures of 
the order of 10!* K are required. 

One way of attaining such a high temperature has been 
discussed in some detail by Blandford and McKee!*. This 
involves a very high energy shock wave propagating through a 
thermal plasma at relativistic velocities. The jump conditions 
imply that in a co-moving frame just behind the shock, the mean 
Lorentz factor of the nucleons, I ~ shock Lorentz factor. If 
the VLBI observations are interpreted in terms of relativistic 
kinematic effects!®, then T is typically in the range of 1 to 10. 
If a fraction s of the energy of the shocked particles goes into 
the electrons, then the electron temperature is 


el myc? 
3k 


The appropriate value of s is extremely uncertain, but if it is 
not too small, then electron temperatures of the order of 10 K , 


T~ 








~ 3.6x 108r (14) A 
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can be achieved, and the electron energy spectrum may be close 
to a relativistic Maxwellian. If at any time the electron tem- 
perature is much greater than 10!? K, then ‘inverse Compton 
cooling’ can rapidly pull the temperature down to 10!? K again". 
The radiation from a relativistic blast wave is discussed by 
Blandford and McKee', who consider both power law and 
relativistic Maxwellian electron energy spectra. 

The amount of Faraday rotation expected from a relativistic 
Maxwellian distribution can be computed easily; from Sazonov 
(1969), the equivalent density of cold electrons is 


© ô 1 
-Í y lny {prof (15) 
o dy y 





Inserting equation (13), and writing Yọ = ua 
Arel 
Ne ~ Iyo? (inyo +1—&) (16) 


where & is Euler’s constant, and yY; > 1. 
If we are observing in the optically thin part of the spectrum, 
but below the peak, that is y = (v/vs1} < Ya then we find 


2/3 
9.3/8/y \*"(nyy+1—€) T 
= Set ene EP Cote 17 
t 4n (2) Yo GD 
1. 
w— €1ifT~ Ty ~ 10K 
Yo 


Conclusions 


We have shown that the observed lack of Faraday rotation in 
variable radio sources places severe restriction on the density 
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of both thermal plasma and low energy relativistic electrons. 
The fact that n, «a/n.>1 can be taken as direct evidence against 
all models in which the electrons are accelerated by betatron 
and Fermi processes in a turbulent plasma". 

It is also clear that the relativistic electron energy distribution 
does not extend to very low energies. There is weaker evidence 
from the radio spectra that the distribution does not extend to 
very high energies either, and may in fact be relatively narrow. 

One possible distribution function of this form is a relativistic 
Maxwellian, such as may be produced behind a relativistic blast 
wave’. This automatically gives negligible internal Faraday 
rotation and if the VLBI observations are interpreted as 
relativistic kinematic effects, naturally leads to brightness 
temperatures of 104-10!" K. The amount of internal Faraday 
rotation implied by equation (17) is so small, that it may be 
necessary to consider the decreasing Faraday rotation external 
to the shock, caused by sweeping up the ambient medium. 
In some situations this can produce the dominant contribution 
to Ax. 

In a future paper we shall show that relativistic blast wave 
models can account for several other features of the spectra, 
flux variations and polarisation of variable radio sources. 
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Uranium anomaly in Black Sea sediments 
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The upper 90 cm of Black Sea basin sediment with an aereal 
extension of 2.96 x 10° km? has an UO, content of 6.7 x 10° 
tonnes. Plankton is the prime agent for uranium fixation. 
Reducing conditions at depth permit uranium to accumulate 
over the past 5,000 yr. Energetically self-sufficient burning of 
the top l-m strata will lead to UsO, concentrations in the 
order of 100 g per tonne ash. 


Tue Black Sea is the largest anaerobic water body in the world 
ocean and measures almost half a million km? (ref. 1). Its 
present environmental state is a consequence of Holocene sea- 
level rise and associated formation of a stable pycnocline re- 
stricting free exchange of molecular oxygen to the deep water?. 
Holocene sediment cores from the euxine abyssal plain show, 
almost in slow motion, the development from a fully oxygenated 
fresh water ‘Black Lake’ to the modern brackish-marine Black 
Sea*, A typical 1 m sediment section consists from top to bottom 
of: coccolith ooze, sapropel, and light lutite. The sapropel- 
lutite boundary, with an assigned age of about 5,000 yr BP 


marks the event when the Black Sea became permanently 
stratified and euxinic conditions established at the sediment~ 
water interfacet. 

Fluctuations in redox potential may cause depletion or 
enrichment in certain elements both for water and sediment. 
Here we report on the mechanism of uranium concentration in 
Black Sea sediment as a function of a changing habitat. 


Samples and analytical procedures 


The uranium content in abyssal Black Sea mud is almost 
one order of magnitude larger than in average marine sedi- 
mentë ê, Similar concentrations are known from sediments of 
Norwegian fjords and the Baltic Sea’: §. It seems, therefore, that 
restricted environments with a trend to euxinic conditions 
favour accumulation of uranium. 

In the Black Sea abyssal mud the U,O,concentration rarely 
exceeds 50 p.p.m. and 25 p.p.m. can be taken as a representa- 
tive mean value. In spite of the high uranium level and the wide 
aereal distribution, the anomaly seems to be, on first sight, of no 
economic significance. This outlook, however, may change 
by closer examination of the deposit from a sedimentological 
and geochemical point of view. This is because the high content 
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Fig. 1 Bathymetric chart of Black Sea and location of stations. 


of organic matter and carbonate may allow for a considerable 
reduction in sediment’ mass by burning; furthermore, the 
material is unconsolidated and thixotropic. 

. Water and sediment were collected during RV Chain cruise 
of the Woods Hole Oceanographic Institution in Spring 1975. 
Location of stations is shown in Fig. 1. The sample collection 
has been supplemented with Pleistocene sediments obtained 
during the deep-sea drilling operation of Glomar Challenger, 
Leg 42 in the Black Sea in May-June 1975 (Fig. 1). 

Uranium determinations were carried out spectrophoto- 
metrically using methods. previously developed®". Principally, 
uranium was extracted with tri-n-octylphosphine oxide (TOPO); 
and 2-(5-bromo-2-pyridylazo)-5-diethyl-aminophenol (bromo- 
PADAP) was used as a chromogenic reagent. Uranium nitrate 
was used as spike and syenite rock SY-2 and SY-3 from Cana- 
dian certified reference materials project, Mines Branch, Ottawa, 
were used for intercalibration. 


Results 


The three stratigraphic units—coccolith, sapropel and lutite— 
can be distinguished by their carbonate and organic matter 
content (Table 1). The core section is close to Station 379 (Fig. 
1). The carbonate fraction in the. lutite unit is principally com- 
posed of reworked Cretaceous and Tertiary coccoliths, whereas 
in the sapropel and coccolith units it is authigenic. The organic 
matter in the sapropel is principally land-derived, particularly 
at the base of the unit. Increase in carbonate content towards 
the top signals a progressively higher input of marine plank- 
tonic material. 

The U,O, content in the sediment matches closely this 
stratigraphic development. The freshwater lutite unit deposited 
in aerobic conditions shows the smallest enrichment, and 
the brackish-marine coccolith ooze at the bottom of the euxinic 
abyssal plain the highest one (Table 2; core 18). ‘Dilution’ of 
coccolith ooze by detrital clay minerals going from the central 
basin towards the Bulgarian coast, that is from Station 18 to 35, 
is reflected in a lowering of the U,O, content in the coccolith 
ooze (Table 2). On the basis of a few analyses from core material 


drilled by Glomar Challenger a ‘similar trend seems to be 
established. A calcareous mud (Table 2; 379 A) deposited in 
aerobic conditions has little uranium, whereas the five re- 
maining samples formed in an anaerobic environment show a 
10-20-fold enrichment in U,0,. The highest values again are 
found in the two samples from the central basin (Station 379 A), | 

Treatment of sample materia! with HCI or water, or by heat. 
combustion, may cause uranium depletion or enrichment in the 





Table 1 The carbonate and organic matter content of the stratigraphic 


units: 
Depth Unit CaCO, OrganicC Organic N 
(cm) (%) Oo) (4%) 
2 41.2. 2.86 0.25 
5 56.2 3.84 0.33 
8 34.9 3.53 0.31 
12 60.7 4.31 0.37 
15 Coccolith 65.7 5.10 0.44 
18 48.2 5.17 0.44 
22 14.9 5.91 0.49 
25 16.5 7.17 0.60 
28 11.0 11.45 0:95 
32 16.5 12.23 11 
35 124 13.45 118 
38 7.8 14.35 1.24. 
42 8.9 15.73 © 1.26 
45 6.9 14.10 1.26 
48 6.9 16.85 1.38 
52 Sapropel 3.4 19.90 1.41 
55 5.0 18.65 1.37 
58 3.4 17.42- 1.15 
62 3.8 15.35 1:02 
65 4.3 15.50 1.01 
68 12.6 4.70 0.39 
72 6.0 2.07 0.19 
75 10.2 0.31 0.030 

78 10.7 0.45 0.032. 
- 82 Lutite 1.8 2.60, 0.24 
85 0.54 1.60" 0.17 
88 9.4 0.81 - 0.09 
92 8.8 0.75 0.07 

ae a a a ce 
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Table 2 The HU,O, content of the stratigraphic units 








Core Sample Depth Wt-loss (%) Wt-loss (°%) U0, (p.p.m) 
0-100 °C 0--1,000 °C ad) Q) B) (4) (5) 
Coccolith ooze 4 om 68.7 80.5 55.0 113.9 55.4 73.9 94.3 
Coccolith ooze 21 cm 66.0 77.6 59.7 34.6 9.0 74.7 47.2 
18 Sapropel (top) 30 cm 65.5 74.6 23.4 17. 40.4 86.4 17.3 
Sapropel (base) 85 cm 71.0 81.9 15.7 40.1 110.0 55.1 
Lutite 100 cm 2.4 
12 Coccolith ooze 10 cm 61.9 35.4 
24 Coccolith ooze 4 em 66.5 28.3 
35 Coccolith ooze 30 cm 58.4 68.5 15.0 24.3 
Coccolith ooze 100 m 38.5 40.1 118.3 
379A Sapropel 100 m 24.6 49.5 95.8 
Calcareous mud 231 m 35.3 2.4 
380A Carbonaceous lutite 673 m 25.6 35,4 
Diatomaceous marl 837 m 30.5 20.4 
381 Diatomaceous mud 237 m 37.0 33.8 


neato 


(1) After drying at 110°C 
hydrolysed with 6 M HCI for 22 h and washed with H 


residue (Table 2). Of special significance is the high U,O, yield 
of the mineral ash obtained in the combustion experiment, and 
the release of uranium by extracting the sapropel ash with 
water. 

U O, concentration diminishes because of : (1) loss of mineral- 
bound water: (2) loss of sulphur-containing volatiles, (3) loss 
of salts, (4) calcining of carbonates, and (5) burning of organic 
matter. UO, depletion is caused by: acidification, CaO-H,O 
interactions, and release of water-soluble uranium—organic 
complexes. 

The bulk of the uranium seems to be bound to planktonic 
matter; land-derived organic debris contains comparatively 
little uranium. Coccoliths seem to be the prime host for uranium 
in modern Black Sea sediments, but other planktonic organisms 
share this affinity. The following tentative model is suggested 
to account for the enrichment. 

Eukaryotic cells contain complex membraneous organelles 
known as the Golgi apparatus or Golgi body which occupy a 
central position in the transport system of the cell. For example, 
they fix and transport metals from within the cell to the outer 
membrane. This is accomplished by metal-ion coordination 
to specific proteins and polysaccharides which are subsequently 
transported to the outside. Biomineralisation is an outgrowth 
of this process", In the case of coccoliths, uronic acids and 
polysaccharide-sulphates!? are the principal metal-ion fixers. 
The relationships are revealed in an electron micrograph where 
the organic template is stained by heavy metals, thus revealing 
the growth pattern of the coccolith within the Golgi body. In 
this way, metal ions that are not needed by the organism can 
be readily neutralised (Fig. 2). 


Fig. 2 Heavy-metal stained coccolith, Umbilicosphaera sp., 
revealing growth pattern. Scale bar, 0.2 um. 





; (2) after drying at 110 °C and treated with 10°% cold HCI and washed with H,O; (3) after drying at 110°C and 
20; (4) after ignition at 1,000 °C; (5) after ignition at 1,000 °C and washed with H,O. 


Uranium content of Black Sea water ranges from | to 7 p.p.b., 
(parts in 10°) with the average ~ 3 p.p.b. (refs 13 and 14) which 
is about the value for standard mean ocean water. Our U,O, 
values are within the same order of magnitude: aerobic zone 
(2.4 p.p.b.), interface (5.9 p.p.b.) and anaerobic zone (3.5 p.p.b.). 
Assuming that coccoliths fix the uranium principally during the 
life cycle of the organism, a 10,000-fold enrichment is observed. 

Marine calcareous material of biological origin is reported 
to contain at most a few p.p.m. uranium™. In general, car- 
bonates are less favourable host materials for uranium’, 
Thus, the enrichment of U,O, in the Black Sea coccolith unit 
is unexpected and we are not aware of any systematic study on 
uranium in coccoliths. In view of the nature of the calcifying 
matrix in coccoliths, however, we tentatively conclude that the 
uronic acids and sulphated polysaccharides act as a substrate 
in the formation of hexavalent uranium complexes. 

Non-calcareous plants may operate in the same fashion 
if their cell walls contain such sugars as they do in diatoms. 
Studies on a Holocene lake in central Ontario, for example, 
which is polluted by discharge from a uranium mine shows a 
10,000-fold U-enrichment in the diatom-dominated living 
plankton over the water, that is 210 p.p.m. against 20 p.p.b. 
The sediments, at a water depth of 10 to 25 m, are principally 
diatomite and reducing in character; their U-content is be- 
tween 170 and 380 p.p.m. It thus seems that reducing conditions 
in the depositional environment are only essential for the 
preservation of uranium-enriched detritus, and not for the 
fixation. Following sedimentation, a series of organic molecules 
may pick up additional increments of uranium as well as other 
heavy metals from sediment and water. The organic material 
can become stabilised by heavy-metal complexation to a point 
that it is finally rendered insoluble to extraction by conven- 
tional acid or base treatments. 


Mass balance 


The Black Sea covers an area of 4.23x10°km?, of which 
30% is shelf. The basin proper, therefore, has an areal extent of 
2.96 x 10° km?. The top 1m sediment has a bulk density of 
1.25 gcm~*, which will give a sediment mass of 3.7 x 10" g. 
Combustion of total sediment at 1,000 °C will reduce weight of 
material by 80%; weight of remaining ash is 7.4 = 10" g, 
Average U,O, content in ash (Table 2) is 90x10 g per g 
sediment. Total U,O, concentration in sediment ash of top 
i m strata of Black Sea basin is 6.7 x 10°? g or 6.7 x 10° tonnes. 

Sapropel and coccolith ooze have been deposited over the 
past 5,000 yr. Assuming that uranium is extracted at a constant 
rate over this time, the basin sediments will annually receive 
1.34 10° g UO. Should this material exclusively be extracted 
from the aerobic water layer having a mean U,O, content of 
3x10-*gi-' or a total of 1.78« 10"%g2 U,O, for the upper 
200 m, about 1%% of this amount is annually released to the 
sediment. 
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Calorimetric determination of combustion heat 


Average Black Sea abyssal mud deposited over the past 5,000 yr 
contains per 1,000g sample: 600g H,O, 100 gclay, 100g 
organic matter, and 200 g CaCO;. Since combustion of sedi- 
ment at 1,000 °C will substantially increase the U,O, content 
m the remaining ash, it is of considerable interest to know 
whether indigenous organic matter can supply sufficient 
energy for this reaction. 

Calcining of carbonates: CaCO,;— CaO+CO, E = 47.2 
kcal mol-! and evaporation of water: H,O(aq) > H,O(g) 
E = 9.73 kcal mol require a total of 418 kcal per 1,000 g 
of sediment. This is the mmimum amount of energy needed 
for self-sufficient burning. 





Table 3 Combustion heat values for the stratigraphic units compared 
with common organic compounds 





Sample Combustion heat 
(Kcal kg™ at 25 °C) 

Coccolith* 528 

Top sapropel* 642 
Bottom sapropel* 1,109 
Woodt 4,500-4,800 
Peatt 5,000-5,800 
Lignitet 6,200-7,600 
Coalt 7,600-8,750 





*Samples were pre-dried at 110 °C. 
+See (ref. 18). 


Combustion heat was determined for three representative 
samples from Station 18 (Fig. 1), coccolith ooze, top sapropel, 
and bottom sapropel. A conventional calorimetric bomb 
was used and combustion heat values are given in kcal kg™ at 
25 °C. Data are reported in Table 3 together with calorimetric 
values of common organic compounds. 

Combustion heat values for the dry mud samples are con- 
sidered minimum values, because part of the heat generated 
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during the experiment has been used for calcining, thermal 
degradation of clay minerals, and decomposition of sulphides. 
Still, these values are far in excess of the 518 kcal needed to dry 
and calcine a 1,000 g wet sediment. 

In conclusion, heat combustion of Recent Black Sea mud 
will release more energy than is required for drying and thermal 
degradation of mineral matter. The combustion process will 
yield an ash with a U,O, content close to 100g tonne™. 
Slightly higher values are expected in those parts of the Black 
Sea basin which are furthest removed from river outlets and 
turbidite incidents. Such a region could be close to Station 379 
(Fig. 1). 

Although UO, values of 100 g tonne are not economically 
significant now, the situation may change in the years to come 
should global demand for uranium expand at predicted rates. 
In view of the high sulphur content of recent Black Sea mud a 
note of caution should be sounded, since mining of the low- 
grade ore may introduce environmental hazards. 

The work was supported by a grant of the Deutsche 
Forschungsgemeinschaft. We thank Mr K.-D. Schrader for 
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Surface ozone conc ‘ntrations at five sites in South-East 
England were measured during the heat wave of 1976 
from 22 June to 12 July. At all sites peak hourly con- 
centrations were the highest ever recorded in the UK 
and the elevated levels persisted for periods longer than 
any previously measured. Some discussion of the sig- 
nificance of the results is given together with an analysis 
of back-track air mass trajectories in the context of 
oxidant formation in North-West Europe. 





We have previously reported measurements of atmos- 
pheric ozone in urban and rural areas of southern England 
during the period 1971-75 (refs 1-5). Although, on occasion, 
the levels exceeded the US (US EPA) air quality standard 
of 80 p.p b. (volume parts per 10°, ~ 160 ng m™) maximum 
l-h mean’, the World Health Organisation (WHO) long- 
term goal of 60ppb. 120ugm™*) (ref 7) and the Greater 
London Council (GLC) guideline of 80p.p.b. (160 ug m™’) 
(ref. 8), the occurrence of elevated levels was, in most 
instances, confined to irregularly spaced episodes of only 
a few days duration. During 1976, the unusual meteoro- 
logical conditions prevailing between 22 June and 12 July 
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Fig. 1 Ozone and temperature levels during the photochemical 
episode. O—.—.- ©, temperature at noon, mean of readingsat Kew, 
Gatwick and Heathrow (C).O— ©, highest hourly mean 
ozone concentration for each ed at Stevenage, p.p.b. (parts in 


resulted in a period particularly favourable for photo- 
chemical production of ozone. We present here data show- 
ing that the ozone concentrations at all our measuring 
sites were both higher and more persistent than any we 
have monitored previously. To illustrate the broad features 
of the persistence of elevated levels in South-East England 
during this period we have plotted, in Fig. 1, the highest 
hourly mean ozone concentration for each day at one of 
our sites (Stevenage) against the temperature at noon 
(mean of readings at Kew, Gatwick and Heathrow). 

Ozone concentrations are reported from five locations 
in South-East England, three within the Greater London 
conurbation and two outside in rural (Harwell) and semi- 
rural (Stevenage) environments. The Greater London sites 
were carefully chosen to minimise the effect of local 
sources of nitric oxide (NO) which is initially a rapid 
scavenger of ozone. In the centre of London, where this 
is difficult to achieve, a rooftop site overlooking a court- 
yard was chosen (Islington, on the City boundary). The 
suburban sites (Hainault and Teddington) were in mixed 
open parkland/residential locations, The Warren Spring 
Laboratory site lies on the western edge of Stevenage New 
Town with open country to the south and west. Two local 
sources of NO are a light industrial area to the north and 
the AI(M) motorway some 40m to the west. The only 
significant sources of NO at the Harwell site are likely to 
be traffic on the A34 road ~ 1.5 km to the east and vehicles 
on the AERE site itself. The locations of the sites are 
shown in Fig. 2, and specific site details in Table 1. 

Three sites were equipped with ethene—chemilumine- 
scence’ (EC) ozone monitors and two with instruments 
operating on the ultraviolet absorption principle’ (UV). 
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All instruments were calibrated using the neutral KI 
method". In addition, one instrument was calibrated using 
the optical extinction coefficient at 255 nm (ref. 12) in a 
1.2-m absorption cell, and two others by gas-phase titration 
based on the NO+O; reaction. From a consideration of 
the experimental errors involved in calibration and the 
systematic errors in sampling and data collection, we esti- 
mate the hourly mean data bounded by 2o confidence limits 
of +10% of the stated values. 

The results obtained from the five instruments are shown 
in Fig. 3. There are differences in detail but the overall 
similarity between the results measured at the different 
sites is striking. 
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Fig. 2 Sketch map of South-East England showing location of 
sampling sites. 


We have attempted to quantify the similarities and dif- 
ferences between the sites by investigating the correlations 
between the hourly mean ozone concentrations for each 
pairing of sites and the results are shown in Table 2. 
Initially, hourly values from one site were regressed against 
the concentrations for the same hours at each of the other 
sites in turn. The results in Table 2 show, that, in general, 
the Harwell ozone levels are higher than the other sites for 
which no general pattern can be distinguished. We then 
investigated, for pairs of sites, the correlations of hourly 
values displaced relative to one another, that is hour n for 
site A was correlated with hour n+m of site B. This was 
done for all pairs of sites for values of m from —11 to +11. 
It was found that for all pairs of sites not involving Harwell, 


nrc e 
Table 1 Site details 





Site Site description 

City Courtyard in centre of Greater London ~ 70m 
(C) from nearest street 

Hainault Suburban London. Open country to S and E, 
(Ha) otherwise residential 

Harwell Rural, 1.5 km from A34 trunk road 

Stevenage Light industry to N, motorway 40 m to W, 
©- residential to E, otherwise open country 

oe Suburban London. Open parkland to S, 


residential to N 





Height above 


ground Instrument Calibration 
(m) 
20 EC KI 
4 UV KI~- gas phase 
titration 
2 f EC KI + optical 
extinction 
10 EC KI 
13 UV KI + gas phase 


titration 


emma eran pune rere ee reer rennet 
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Table 2 Inter-site correlations of ozone levels for 1976 episode 





Significance level of 


Site versus Site Lag* Correlation Mean regressiont correlation coefficient 
(h) coefficient change with lag (%) 

H S 0 0.78 S =0.77H — 7.9 

H Cc 0 0.74 C =0.72H — 13.2 

H T 0 0.74 T =0.722H — 7.7 

H Ha 0 0.67 Ha = 0.73H — 11.3 

H+1 S 1 0.80 S =0.77H — 78 79 

H+1 Cc i 0.76 C =0.71H — 12.7 77 

H+1 T 1 0.81 T =0.72H — 74 99 

H+2 B ies 2 0.81 T =0.72H — 7.5 99 

H+1 Ha 1 0.72 Ha = 0.73H — 10.5 91 

H+2 Ha 2 0.73 Ha = 0.73H — 10.4 93 

5 eee 0 0.78 C =093S — 5.5 

S ET 0 0.86 T =0.945 — 15 

5 Ha 0 0.81 Ha = 0.94S — 2.8 

Cc =T 0 0.81 T =10C + 55 

Cc Ha 0 0.88 Ha = 1.0C + 2.7 

T Ha 0 0.81 Ha=10T — 28 





H, Harwell; S, Stevenage; C, City; T, Teddington; Ha, Hainault. 


*For example, H+1 means hour n+ 1 for Harwell was correlated with hour n for other sites. 


{Mean of y on x and x: on y. 


the correlation coefficient for m=0 was highest. In con- 
trast, for correlations of Harwell values against those from 
all other sites, improved correlation coefficients were 
obtained with m = +1 or +2, that is, better correlations 
were obtained by regressing hourly values from the other 
sites against later hourly values at Harwell. Two points 
emerge clearly from this analysis; the results for the Steven- 
age site are similar in magnitude and diurnal pattern to the 
Greater London sites and Harwell is significantly different 
from each of the other sites in both respects. The explana- 
tion of both points is in part linked with local emissions of 
NO and the close proximity of the light industrial area and 
motorway turning the otherwise rural aspect of the Steven- 


age site into a more urban situation while the relatively low 

NO levels at Harwell lead to less ozone depletion. The 
important conclusion is that, in common with the Los 
Angeles area” it is the rural areas downwind of the primary 
pollutant sources which experience the higher ozone levels. 

The maximum 1-h mean concentrations of ozone. mea- 
sured at each of the sites exceeded those previously reported 
by considerable margins (see Table 3). 

During the 21-d period 22 June to 12 July the numbers 
of hours above 100 p.p.b. within Greater London were 85, 
86 and 100 at the City, Hainault and Teddington sites and 
115 and 158 at Stevenage and Harwell, outside Greater 
London. The total number of hours above 100 p.p.b. 


Fig. 3 Ozone concentrations in p.p.b. (y axis) measured at each site during the photochemical episode. H, Harwell; T, Teddington; 
Ha, Hainault; C, City; S, Stevenage. a, 22 June; b, 29 June; c, 6 July. 
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Table 3 Highest hourly mean ozone concentrations observed during 
1976 compared with previous measurements 





Highest hourly 


Location Year mean, p.p.b. Ref. 
Central London 1972 112 2 
1973 136 3 
1974 164 13 
1975 150 4 
1976 210 This work 
London suburbs 1975 130 4 
1976 210 This work 
Rural southern 1971 101 1 
England 1972 128 14 
1973 141 3 
1974 120 12 
1975 177 12 
1976 258 This work 





accumulated during the whole period 1971-75 at the 
Harwell site was exceeded in this one 1976 episode. For the 
first time in the UK, urban levels exceeding 200 p.p.b. and 
rural levels exceeding 250 p.p.b. were measured. At each 
site there was a continuous period of 5d or more (Table 4) 
when the ozone concentration exceeded 100 p.p.b. for at 
least 8h each day. Thus the industrial threshold limit value 
(TLV) was exceeded at all our sites in the outside air in 
South-East England for the equivalent of a working week. 
In this analysis the duration of high concentrations at 
Stevenage was intermediate between that in the urban and 
rural extremes of London and Harwell. Although these 
levels were high in comparison with the air quality guides 
and industrial threshold limit values cited above, it is not 
possible to evaluate their direct significance in terms of 
human health. Comparison with the TLV is not necessarily 
appropriate for such limiting values are intended for use in 
evaluating health risks for the occupationally exposed. For 
the general population, which includes the young and the 
infirm, a further margin of safety is usually regarded as 
prudent, 

The US air quality standard and the WHO long term 
objective are more stringent than the TLV. Both were 
exceeded during 1976; but, they are also exceeded in the 
US and in many other developed nations. There was a sharp 
increase in mortality in Greater London at the time of this 
episode’ but effects due to anything other than the high 
prevailing temperatures could not be isolated. During early 
July serious damage was observed on two crops of tobacco 
plant (Bel-W3) grown specifically to test for oxidant effects 
at Leeds and at the Fairfield Experimental Horticulture 
Station, Kirkham, Lancashire (J. T. Fletcher, personal com- 
munication). High percentage leaf damage would be antici- 
pated on the basis of models of tobacco plant injury’® and 
the ozone concentration reported here. No effects of 
elevated oxidant levels to any other types of plant were 
reported during the episode. 

Elevated ozone levels in the UK have generally been 
associated with anticyclones to the east of the UK? and to 
this extent the photochemical episode of 22 June to 12 July 
was typical. In such cases the air mass trajectories over 
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Table 4 Maximum number of consecutive days with ozone > 100 
p.p.b. for at least 8 h 





Location No. of days Longest period 
City 5 24 June—28 June 
Hainault 5 24 June~28 June 
Teddington 6 3 July-8 July 
Stevenage 10 1 July-9 July 
Harwell 18 22 June~9 July 


Sernam 
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southern England are easterly and in general cross NW 
Europe. Typical back-track trajectories are illustrated in 
Fig. 4. Those for 27 June and 3 July describe the history of 
the air mass reaching South-East England on two of the 
days of particularly high ozone concentrations. On 7 July 
the levels at most sites had begun to decrease and 9 July, 
the trajectory for which shows a south-westerly air flow 
over South-East England, was the day on which all sites 
showed their lowest daily maximum hourly mean ozone 
concentration throughout the episode. 

A closer study of individual back-track trajectories high- 
lights a number of factors which must be borne in mind 





g 
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Fig. 4 Back-track air mass trajectories for four selected days 

during the photochemical episode. The location of the air mass at 

various times in hours before its arrival at midday in London is 

indicated on each trajectory. a, 27 June; b, 3 July; c, 7 July; d, 9 
July 1976. 


if an abatement policy for photochemical oxidants were to 
be considered. First, generation of ozone requires several 
hours of solar irradiation of the primary pollutant plume 
even with the more reactive hydrocarbon precursors so that 
photochemical ozone is usually first detected 50 km or more 
downwind of the primary source”. In the densely populated 
and highly industrialised regions of North-West Europe 
this makes source identification difficult. Second, photo- 
chemical ozone can be transported over hundreds of km 
from source regions in North-West Europe with the limited 
deposition at sea surfaces and because ground-based night- 
time inversions typical of anticyclonic weather isolate the 
ozone formed during the day from ground sink surfaces 
over rural areas’. Third, primary NO emissions, while con- 
situting an important precursor of photochemical ozone are 
initially a potent sink for ozone in more polluted areas and 
the emission and dispersion pattern of NO will have a major 
effect on ozone concentrations measured close to the 
ground. These factors tend to obscure any simple interpre- 
tation of the effect of a particular precursor source region. 

As an example, we consider here the trajectory of 3 July 
(6, in Fig. 4). The air mass present over South-East England 
on 3 July had travelled across southern Poland, a possible 
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area of precursor emission, about 45h previously. Then 
there was about 3 cloud cover reducing the radiation flux 
and a temperature of about 25°C so that photochemical 
activity was probably limited. Throughout the afternoon of 
2 July the air mass traversed central West Germany with 
“clear sky conditions and temperatures of 30°C. The con- 
ditions for precursor injection and photochemical trans- 
formation were. potentially excellent. By the morning of 
3 July the air had reached the industrial areas and 
¿refineries of the Thames estuary, also potential sources of 
precursors, with clear sky conditions still prevailing. At 
this time the air mass was moving at about 400 km dd", 
although. surface winds were only 4-10 km h™. Thus several 
hours later the air reached central London where maximum 
ozone. values were recorded during the period 1400-1600 
BST. The air mass which gave rise to the elevated ozone 
levels on 3 July, therefore, had 3d with probable precursor 
injection and two full days of exposure to strong sunlight 
and high temperatures during which the ozone was formed. 
.-The history of air over London on other days in this episode 
‘with high recorded ozone levels was similar. 
It has previously been noted that the data for Greater 
“London follow a pattern which is consistent with the mech- 
anism ‘of local generation of ozone, both from the point of 
“view. of precursor emissions and the concentration gradient 
‘of ozone across London from east to west’. That propor- 
“tion of the total ground level ozone concentration which is 
produced locally is difficult to estimate solely from ground- 
level measurements. The complexities of the air mass 
trajectories presented here and the likely emissions of pre- 
cursors along their paths together with considerations of 
precursor reaction times and NO emissions all tend to 
merge local production into the general pattern of second- 
ary pollutant formation in North-West Europe as a whole. 
Our further understanding of this phenomenon and the 
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role of various primary pollutants clearly requires the co- 
operation of other European countries, upwind and down- 
wind of the UK, in ozone and precursor measurement 
programmes. Data on the occurrence of high ozone con- 
centrations in North-West Europe in the period 1971-75 
have been assembled in a recent publication” and we would’. 
welcome the further publication and/or exchange of rele- 
vant data from those areas which the back-track trajectories 
indicate to be of importance in oxidant production. ~~ 

We thank Dr F. B. Smith (Meteological Office, UK) for 
help in calculating the trajectories. The measurements 
carried out at AERE and at Warren Spring Laboratory 
were part of a programme sponsored by the Department of 
the Environment. 
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In the Central Sahara lying approximately between 
27°N and 18°N, rains were primarily due to tropical 
depressions in the early Holocene up to about 6500 BP. Then 


the monsoon rains of Sahelian type dominated up to about 


4400 BP. 





PoLLEN analysis was carried out on Holocene lacustrine 
deposits! sampled every 10-20 or 30cm ina section of about 
7.80 m at Tjéri (13°44’N-16°30’E) near the centre of the great 
Palaeochad?* (Fig. 1). Chronology of the Tjéri section was 
established by two radiocarbon dates on organic material 
near the base (Fig. 2) and, for some other levels, by correlations 
with notable events radiocarbon dated elsewhere in the zone 
of the Palaeochad'-*, The chronology established in the Nile 
valley (see below) and elsewhere in the southern part of the 
Sahara gives some valuable correlations'. Approximate dating of 
the intermediate levels was established by rates of sedimenta- 
tion. About 60 yr elapsed for each 10 cm from 9000 to around 
7000 sp and about 220 yr from then till about 4000 pp. The 
change in rates. of sedimentation at about 7000 sP could 
parallel the important change in conditions noted for the Blue 
Nile at about 7000 sp (ref. 4). 


In the dry tropical zone where the Chad basin is situated, 
the rainfall and its distribution through the year are the most. 
important climatic factors controlling the vegetation and its 
spatial distribution. Thus there is a direct relationship between; 


vegetation and climatic pattern. In the Chad basin the regular 
succession of climatic and vegetation zones is a favourable 
factor for pollen analysis’. On the Tjéri section 46 samples 
were studied and for each about 1,000 to 6,000 pollen grains 
were counted. The Gramineae, Cyperaceae and Typha pollen 
grains represent about 80 to 90% of each total. Therefore those 
3 taxa have been eliminated from the pollen sum and studied 
apart in order not to distort the percentages of all other pollen 
grains more typical. Those pollen grains were classified according 
to the present geographic distribution of the taxa to which they 
belong and the most typical were placed in four phytogeo- 
graphical elements covering the four major vegetation zones 


of the Chad basin, that is, (from S to N) Sudano-guinean element — - 
(plants typically growing under 1,500 to 1,000 mm rain per. 2 


annum), Sudanian element (1,000 to 500 mm), Sahelian element 
(500 to 100 mm), Montane (Tibesti) element (plants growing 


at the nearest on the upper Tibesti Plateaux) and also in a group o 


of hygrophilous plants®. The relative percentages of the pollen 


grains for these four elements were used to ‘construct curves . 


which portray the climatic variations occurring in the four zones : 
of the Chad basin’. 7 
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Palaeoclimatic pattern of the Sahelian zone 


Comparison of the Sudano-Guinean element and Sahelian 
element curves showed that the periods of climatic optima 
(relatively wetter phases) are in general out of phase with 
each other’ (Fig. 2). It seems also that during the Holocene, 
the Sahelian climatic optima have always been synchronous 
with the warming periods, and the deteriorations with the 
coolings. Indeed the trends of the Sahelian curve at Tjéri— 
the amplitudes of variations being different—correlate well 
with the trends which appear on some curves portraying the 
evolution of the temperature on the Northern Hemisphere, 
such as that of Camp Century in Greenland*:’. For the most 
part of the Holocene, it seems that the Camp Century curve 
is quite well dated: first, the counting of annual layers was 
possible with some correction until 8300 sp (ref. 7); second, 
for the Holocene this curve has good cross-checkings with 
various eustatic curves*~'’, with the fluctuations in the 











Fig. 1 North Africa. 1, Mountains over 1,000 m. 2, Regions 

under 200 m. 3, Regions between 1,000 m and 200 m. 4, Holo- 

cene Palaeochad, 320 m high. T, Tjéri. B, Bilma. ST, Sérir 
Tibesti. NP, Nabta Playa. NE, Egyptian Nubia. 


atmospheric radiocarbon level''!*, with glacier fluctuations 
in the Alps!*, and so on. Comparison of the Sahelian curve with 
that of Camp Century shows that the lowering periods of the 
Sahelian curve, which correspond to aridification periods in 
the Sahel zone, correspond also to cooling periods, and vice 
versa’. Study of diatoms* and pollen in the same samples 
provides a direct and important corroboration of this pheno- 
menon. Indeed, from about 8000 up to about 4000 Bp, the high 
percentages of a psychrophile (‘cold’) diatom Cymatopleura 
elliptica or of a diatom of temperate type Cyclotella ocellata 
occur during the phases of relative lowering or minima of the 
Sahelian element (Fig. 2). Considering these different cor- 
relations, one can also use the curve of Camp Century as a 
basis for an explanation of the Montane element. 


The Montane (Tibesti) element 


Pollen spectra of Tjéri also showed small percentages (average 
3.1°,) of very characteristic taxa originating from more north- 
ern regions (Artemisia sp., Pentzia monodiana, Erica arborea, 
Ephedra sp., Plantago sp., Silene sp.) When many pollen 
grains are counted on successive samples of the same section, 
the variation of very low percentages can be used with some 
confidence—as, for instance, in a pollen study of the west part 
of the Sahara’. The pollen grains assigned to the Montane 
element must surely have been brought to Tjéri by the prevail- 
ing wind, that is, the harmattan, blowing from about NE or N. 
The water transport of pollen grains across the whole actual lake 
Chad is very limited’ and probably was so for the Palaeochad, 
particularly for pollen grains coming from the Tibesti, because 
the nearest fluviatile source was about 450 km from the station 
studied. For these pollen grains, the nearest sources at present 
are some 700 km to the north on the High Plateaux of the 
Tibesti'®. Further north, other important sources of Artemisia, 
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for instance, are found only on the narrow Mediterranean 
zone of Libya, about 2,000 km from Tjéri. But the latter sources 
seem unlikely to be involved, because other pollen types present 
in the Mediterranean zone of Libya, such as Cupressaceae or 
Quercus—very easily carried in the atmosphere'?—would 
have been found at Tjéri. In conclusion, the pollen grains of the 
Montane element originate most probably from the Tibesti. 

Comparison of the early Holocene pollen curves for the 
Sahelian and Montane elements shows (Fig. 3) a rough syn- 
chroneity in terms of thousands of years and a good syn- 
chroneity for the main aridity maxima. This second point 
shows that the percentage variability of the Montane element 
is not governed by variations in intensity of the harmattan, 
as the aridity maxima coincide with maxima of eolian activity. 
On the other hand, thanks to the chronology established at 
Tjéri, it seems that the different pollen maxima of the Montane 
element show good correlations with the different geological 
and palaeoecological events radiocarbon dated in the Tibesti 
(Fig. 2, Table 1). These correlations also increase the reliability 
of the pollen curve. 


The Middle Terrace 


In the Tibesti, the early Holocene coincides with the end of the 
accumulation of the so-called ‘Middle Terrace’ (MT)!*-*% 
(Fig. 2). A radiocarbon dating in the lower part of the MT 
gave a date of 14055+-135 Bp (ref. 20). It is possible that the 
base of the MT in the Tibesti began about 17500 bp like the 
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Fig. 2 Comparative evolution for the Tjéri station, from base to 
top, a, Relative lacustrine levels, after diatom studies*"*. The 
? at 4.20 m is the author’s interpretation’ and a brief regression 
at 3.80 m (around 6600 Bp) is also probable. Some diatoms of 
ecological importance: SA, Stephanodiscus astrea var. minutula; 
F, Cymatopleura elliptica; T, Cyclotella ocellata (relative scale). 
b, Dotted lines, pollen curve for the Sudano—Guinean element 
(relative %, mean: 20,2%). B, Present time % (two samples). 
c, Solid line, pollen curve for the Sahelian element (relative %, 
mean: 33,9%). a, Present time % (two samples). These two 
curves (6, c) were constructed using the ratio with the mean 
(value of 1) carried out on the whole of the levels studied (log 
scales). On this scale, the value of zero was arbitrarily fixed 
at —100. d, Chronology reconstituted after various regional 
correlations. Near the base, two radiocarbon dates: at 7.75 m, 
9000+. 200 BP; at 7m, 8750+200 BP. The dates are given in 
BP except for the last two milennia in Ap (calendar years from 
ref. 12). e, Schematic curve of the '*O/!*O ratio for the ice core 
at Camp Century (Greenland) adapted from M. Ters (ref. 10); 
from 9000 to 1700 sr after ref. 7 and from 1700 sr to the present 
after ref. 6. Figure reproduced from ref. 1 with kind permission. 
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base of the equivalent formation in Nubia (Malki Member of 
Ineiba Formation)**?>. In general, throughout alt the Tibesti, 
the stratigraphic and sedimentological evolution of the MT, 
especially the upper part, is constant’. Some sections with 
radiocarbon dates facilitate the precise dating of the occurrence 
of the principal events intervening during the accumulation 
of the upper part of the MT. For the phases A, B, C, in some 
craters or depressions throughout the massif, there are lacustrine 
deposits chronologically equivalent!*'**5. The accumulation 
of the MT occurred in several phases separated by calcareous 
crusts, the most recent of which were principally formed 
about 9200~9300 and 7600-7300 sp (D phase)™®-2?, By correla- 
tion with the Montane element curve, it seems that the last 
calcareous crust formation corresponds to an arid period (see 
below). At the end of the D phase, a small erosion occurred 
before sedimentation started again. This discontinuity is a very 
characteristic feature. The last phase of bedded deposits (E), 
sometimes with coarse material, exhibits in some places, before 
the beginning of phase F, a thin brown palaeosol rich in organic 
matter?**, which was dated 6600+:140 sp at Mouskorbé 
(Gif n°3228). In Nubia, a palaeosol with kaolinite (Omda 
soil) was described and situated approximately at 7000 BP 
(ref. 24). 

At the top of the MT, phase F represents a very clear sedi- 
mentological change, that is, a dramatic increasing amount of 
pebbles and cobbles. This phenomenon, which had started 
after 6600 BP, is general across the Tibesti and the Central 
Sahara at the top of formations equivalent to the MT. This 
sudden influx of pebbles is surely related to a change in climatic 
regime. Then the erosion of the MT (phase G) to below the 
actual level of the rivers could occur between about 5500 and 
4000 sr. In the Tibesti, during the following H phase approxi- 
mately dated 4000-2000 sr, a Lower Gravel Terrace was 
deposited!* 1°, 

The upper part of the MT with its main characteristics or some 
equivalent lacustrine deposits, can be found in many regions of 
the Central Sahara—for the MT, in the Hoggar'*-*’, in Central 
Air® and in Egyptian Nubia (Sinqari Member, upper part of 
Ineiba Formation and Shaturma Formation, Member 1)** 
(Table 1). For the lacustrine deposits, the depression of Nabta 
Playa?® (altitude about 300m) about 100km west of Abu 
Simbel, exhibits a stratigraphic succession and lacustrine phases 
with prehistoric occupation sites closely correlated with the 
events of the Tibesti (Table 1). The Terminal Palaeolithic IL 
(or Epipalaeolithic), though without radiocarbon date, corres- 
ponds most probably to the climatic optimum B of the Tibesti 
(about 8400-8250 Bp). On the other hand, near Bilma in the 
Ténéré(18°40’N-13°E; altitude about 360 m) the early Holocene 
lacustrine deposits? can be correlated with phases A, B, C of 
the Tibesti (Fig. 3). In Adrar Bous (20°18’N-9°E; altitude 
about 700m) early Holocene lacustrine deposits are radio- 
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carbon dated before 73104-120 sr (refs 29, 30). In the middle of 
Serir Tibesti (23°30’N-17°20’E; altitude about 500 m) lacustrine 
deposits about 10 m thick are dated of the early Holocene”, 
Thus all these correlations suggest that during the early Holo- 
cene the climatic conditions were similar and apparently syn- 
chronous throughout all the Central Sahara. Therefore, the 
local factors seem to have had but a limited action. ; 

One typical section of the MT for the early Holocene was 
chosen in order to show the correlations with the evolution 
of the Montane element of Tjéri (Fig. 3). This section was 
taken by J. Grunert®? near Yebbi-Bou (20°53’N-18°4'E; 
altitude about 1,440 m) on the north side of the Tibesti. A 
radiocarbon-dating on shells at about 2.5m (8180 +70 BP). 


locates this section in the chronological framework of the. i ao 


Tibesti and the Central Sahara. 


Palaeoclimatic interpretation 


To try to understand the palaeoclimates of the Tibesti in the 
early Holocene we can compare the pollen curves for the 
Montane and Sahelian elements (Fig. 3c, d). The system . of 
representation (the ratio with the mean) facilitates direct 
comparison for the two curves (see other examples in. refs 
5, 17). Thus, from one sample to the next we can see completely 
opposite trends, or similar trends but of very different ampli- 
tude. Although in the scale of thousands of years there is a 
rough synchroneity between the curves for these two elements, 
the opposite trends shown up by detailed analysis imply that 
the rains were of different origins in the Sahel zone and the 
Tibesti. 

For palaeoclimatological interpretations it is necessary to 
use as climatic models meteorological situations and climatic 
patterns of the present time. For instance, in Aegean regions, 
the climatic pattern of one winter was used to explain that of 
the period around 1200 ac (ref. 32); or seasonal change through. 


the year was used to explain some aspects of the past climatic. o. 
changes**. Here the present evolution of the Saharian climate. 


through the year is used in an attempt to establish the climatic — 
pattern of this region in the early Holocene. 


Climatic model for the present time 


At present nearly all the rains falling in the Sahel zone are mon- 
soonal in origin. In summer (July-August) these rains reach the 
Hoggar and Tibesti mountains**~**, But, over the Central Sahara 
the heaviest rains fall chiefly during the intermediate seasons of 
spring (March—June) and autumn (September-December)**47"38, 
The study of the cloud formations over the Sahara also confirms 
the importance of the intermediate seasons®. The rains of inter- 


Table 1 Early Holocene events and correlations between Tibesti, Nabta Playa and Egyptian Nubia 








Nabta Playa (30°40°E-22°25'N) 


Erosion (undated) 


Egyptian Nubia 


(from ref. 28) (from ref. 24) 


Erosion , 
Shaturma Formation (Member I) 





Phases Dates Tibesti 
(approximate, in BP) 
H 4000-2000 Lower Gravel 
Terrace 
G 5500-4000 Erosion 
F 6400-5500 Sahelian optimum 
~6400 Change of Climatic Régime 
E 7200-6500 Optimum: Palaeosol 
D 7700-7200 Erosion Erosion 
Aridity 
Cc 8100-7700 Optimum 
8250-8100 Aridity Erosion 
B 8400-8250 Optimum 
8550-8400 Aridity Erosion 
A 9000-8550 Optimum 
(2) 9300--9000 Aridity 


Neolithic (11) 6450-7150 sp (6 dates) 


(?)Terminal Palaeolithic (H) 


Terminal Palaeolithic (D (partly 
with A;2 dates :8580 +80 and 


Palaeoso!l (Omda Soil) 
Erosion; (2) locally eolian activity, 
(Seiyala) 


Neolithic (1) 7850-8150 sr (10 dates) 


Fluviatile Terrace, 

( Singati Member 
(upper part Ineiba Formation) 
10200-8000 Br 


9360-70 BP) 


: Note that in other places the Neolithic begins in 8065 + 100 (Tibesti), 8072 + 100 (Acacus), 8100 + 130 (Tassili), 8100 + 130 BP (Hoggar)**. 
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seasons are linked with the tropical depressions*#°—* also 
called Sudano-Saharian depressions™ or ‘Khamsin’ depressions 
in Eastern Sahara*'**, Rains of this type are often fine and 
continuous", whereas the monsoon rains are stormy. At present 
these depressions occur rarely in winter except in Western 
Sahara (Senegal, Mauritania: ‘Heug’ rains**-*). On the other 
hand, these depressions are absent in the height of summer 
when the ITCZ reaches the Sahara. Schematically the synoptic 
situations are as follows''~*: (1) influx of polar air in the 
middle or upper troposphere above the Sahara along shallow 
troughs in the upper westerlies and (2), frequently, ahead of these 
cold troughs, undulations occur in the ITCZ with brief in- 
vasions of humid equatorial air. The undulations of the ITCZ 
could be due to the action of boreal cold troughs or to surges of 
monsoon caused by perturbations travelling in the Southern 
Hemisphere”. The depressions created by the cold air aloft 
favour the advection of the equatorial humid air. In this part 
of the year the movements of these depressions are north- 
eastwards or eastwards®. The advection of humid equatorial 
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an example, two Gramineae, with close taxonomic affinities, 
Aristida meccana and A. mutabilis, have geographic distribu- 
tions which exhibit the same pattern. The first one has an area 
restricted to the Central Sahara, the second a Sahelian area with 
some stations in the Central Sahara in zones exposed to the 
monsoon". I consider that this opposition Sahel—Central 
Sahara, can only be explained by the hypothesis of different 
origins for the rains, that is, the direct monsoon and the tropical 
depressions. Thus this opposition must no doubt be compar- 
able with that which existed over longer periods in the early 
Holocene. 


Application of the 


present model in the early Holocene 

The dominance of tropical depressions over the Tibesti seems 
to be proved, especially between around 8000 and 6500 Bp, 
by the fact that the fluctuations of the curve for the Montane 
element approximately follow those of the present tropical 
depressions over the Sahara through the period of 1 yr (refs 
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Fig. 3 Comparative evolution of the MT in the Tibesti, of the pollen curves for the Montane and Sahelian elements and of the **O/'*O ratio 
at Camp Century. a, ‘Middle Terrace’ (MT), section near Yebbi-Bou, after J. Grunert (23,pr.20). 1, Indurated layers with coarse sands, bed- 
ded towards the base and becoming silty towards the top. 2, Compact silts with shells. Radiocarbon date of 8180+70 Bp near 2.50 m. 3, 
Compact indurated silt layer. 4, Alternating layers of indurated coarse sands and looser silts. 5, Boulder of calcareous tufa. Discontinuity. 
6, Finely bedded layers of sand, gravels and some pebbles. 7, Conglomerate of pebbles and cobbles. b, Subdivisions of the MT and of the 
pollen curve for the Montane element of the Tibesti. c, Solid line, Tjéri section, pollen curve for the Montane element of the Tibesti (relative 
%, mean: 3.124). , Present time % at Tjéri (two samples). d, Dotted line, Tjéri section, pollen curve for the Sahelian element (relative %, 
mean: 33,9%. a, Present time % at Tjéri (two samples). For the construction of curves c, d see Fig. 2. e, Subdivisions of the pollen curve 
for the Sahelian element (ref. | and Fig. 2). f, Positions of the samples and two radiocarbon-dates near the base (see Fig. 2). g, Chronological 
correlations between the '*O/!*O curve and Tjéri samples (see Fig. 2, d). h, See Fig. 2e. 


air is essential for the formation of rain from these depressions. 
At present in winter, the scarcity of these depressions over the 
Sahara, except the western part with ‘Heug’ rains, can be 
explained by the fact that at this time of the year the ITCZ 
is situated at very low latitudes. But when there is interaction 
between cold troughs and the ITCZ, the trajectory of depres- 
sions remains chiefly over the Sudan and Sahel zones**~**, 
A study of all rainfall data available since the beginning of 
the century for Africa north of the equator was carried out”. 
It showed, by the method of spatial correlation of annual 
rainfalls, that in some years there is a clear opposition between 
the Sahel and Central Saharian zones. Either the Central 
Sahara gets heavy rains and the Sahel low or average rainfall, 
or vice versa. The phenomenon is less clear for Eastern Sahara, 
due to the lack of sufficient data and to'the probability that the 
trend for the whole Central Sahara is only apparent for longer 
periods. Thus, for instance, only anomalies over 30 yr have 
a similar trend through the Mediterranean area**. Nevertheless, 
this climatic opposition is genuine because it had an effect on the 
distribution, and perhaps the evolution, of some taxa. To give 


37, 38, 45), when in the Northern Hemisphere temperatures are 
rising (spring) or falling (autumn). When temperatures are at 
their lowest (winter) these depressions are infrequent and 
when at their highest (summer) they do not occur, Between 
8000 and 6600 sr the following correlations appear between the 
trends of temperatures on the Northern Hemisphere ('°O/!*O 
curve at Camp Century®’, see above) and those of the curve 
for the Montane element (Fig. 3 /, ¢). 

At around 8000-7700 sp—temperature is falling (autumn 
climatic model)—the Montane curve is at a maximum, At 
7500-7400 sp—temperature and Montane curve are at a 
minimum (winter climatic model). At 7400-7100 sp—tempera- 
ture is rising (spring climatic model)—there is a strong positive 
trend in the Montane curve. At 7100-7000 sp—temperature 
reaches a maximum (summer climatic model)—there is a slight 
drop in the Montane curve. At the same time a brief optimum 
occurs for the Sahelian element’. At 7000-6600 sp—tempera- 
ture is falling (autumn climatic model)—there is a strong 
positive trend in the Montane element curve. 

Possibly this type of correlation existed before 8000 Bp, but 
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the data available are not sufficient to allow us to demonstrate 
it. A consequence of this climatic pattern is that the climatic 
optima in the Tibesti lasted longer than those in the Sahelian 
zone, as is clearly evident between 8000 and 7000 sp (Fig. 3c,¢). 
For the optima of the Tibesti, the climate consisted probably 
of rains fairly well distributed throughout the year, with two 
principal rainy seasons, one in spring, the other in autumn 
and with a strong reduction of the evaporation (see the 
lacustrine deposits). It should also be noted that the dis- 
appearance of the ‘cold’ diatom Cymatopleura elliptica in the 
Palaeochad (2, 14), dated after about 6600 sp at Tjéri (fig. 2) 
occurs just before the appearance of a warmer climate of 
Sahelian type (see below). Moreover during some years or 
periods with large seasonal contrasts (very cold winters and 
very hot summers), there could have been a combination of 
rains from tropical depressions and from the monsoon, as can 
sometimes be observed in present years?™*?, This could account 
for the alternation of finer and coarser layers in phase C of the 
MT. Finally for the climate of the Tibesti during the arid 
phases, of which phase D is a good example, we could perhaps 
imagine tropical depressions in winter and, possibly, with 
snow*, the rest of the year being almost without rain, which 
would cause intense evaporation favouring the formation of 
calcareous crusts. Cyclonic rains from the Polar front in surface 
are also possible in winter without the intervention of equatorial 
air, But since the cold air carries little humidity, these rains 
would in general be relatively light®*>". 


Interpretation of the upper part of the MT 


From around 6500 to 5500 Bp, the relationship with temperature 
seems to be different (phase F). The trends of the curves for the 
Montane and Sahelian elements become similar. One may 
thus suppose that during this time the Tibesti underwent the 
same regime as the Sahelian zone, which means that almost all 
rains would be provided by the summer monsoon. 

First, the sudden massive appearance of the pebbles and 
cobbles near the top of the MT is subsequent to 6600 BP, 
as the palaeosol radiocarbon dated about 6600 gp is itself 
covered by 40 cm of coarse alluvium?®. On the other hand, the 
spreading of the pebbles requires a very heavy fluviatile regime 
for which rains of Sahelian type can easily be accountable. 
However one must note that this spreading occurred over the 
MT without apparent erosion. The erosion period of the MT 
is not yet well placed in time: perhaps after 5500 sp and before 
4000 Be (Fig. 3). In Central Air, the presence of vertisols with 
calcareous nodules of dates 5680-4110 and 50104110 BP 
(ref. 3) indicate a wetter climate of Sahelian type. In Adrar 
Bous a vertisol has been situated between 7300 and 4500 BP 
(ref. 30). In Egyptian Nubia Member L of the Shaturma 
Formation“ has a chronology and sedimentology correspond- 
ing to the phase F of the Tibesti. The alluviation of Member 
I ceased before the initiation of a renewed period of Nile 
dissection which occurred after 5000 pp (ref. 24). The end of 
Member I and the beginning of the erosion can thus be dated 
between around 5500 and S000 Bp. Butzer and Hansen™ 
conclude that these deposits “imply rather effective sheet- 
flooding with 50 to 100 mm of rainfall at most”. 

A climate of Sahelian type over the Tibesti and probably 
also over the Central Sahara is all the more probable as other 
pollen data at Tjéri indicate a northwards movement of the 
Sahel zone at that time. The removal of the Sahelian vege- 
tation northwards would explain the flat of the curve for 
the Sahelian element between around 5500 and 4400 pp (Fig. 
2c). This interpretation is corroborated by the curve for the 
Sudanian element which reached its maximum between around 
$900 and 4400 pp (ref. 1), corresponding no doubt also to a 
slight northwards movement of the Sudanian zone. 


Conclusion 


First, it seems that for the Central Sahara there are two kinds of 
wetter periods (optima)—one, more frequent in the Quaternary 
period, with tropical depressions and temperature relatively 
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low, and the other with direct monsoon rains and higher 
temperatures. Second, the annual climatic mechanisms of the 
present time enable the palaeoclimates of the early Holocene 
to be coherently explained. The opposition, both seasonal in the 
present time, and for longer periods during the early Holocene, 
between the tropical depressions and the monsoon rains can be 
interpreted by variations in trends of temperature over the 
Northern Hemisphere and also by variations in general atmos- 
pheric circulation. Indeed, the penetrations of the polar.troughs 
aloft, necessary for the formation of tropical depressions, 
are related to the occurrence of large amplitude waves in the 
upper westerlies. On the other hand, during hotter years or 
periods, the polar troughs towards lower latitudes are much 
less frequent and the circulation of the upper westerlies be- 
comes more zonal. This situation leads to a dimunition. of 
tropical depressions, favouring, in contrast, the extension 
of monsoon rains over the Sahara*!52, But the opposition 
between these two kinds of rain remains only partial since 
both are also linked to the activity of the ITCZ. Better knowledge 
of present events as well as the study of other old periods should 
allow greater precision in this field. : 
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Simple mathematical models show that adaptations for 
achieving dispersal retain great importance even in uniform 
and predictable environments. A parent organism is ex- 
pected to try to enter a high fraction of its propagules into 
competition for sites away from its own immediate locality 
even when mortality to such dispersing propagules is 
extremely high. The models incidentally provide a case 
where the evolutionarily stable dispersal strategy for indivi- 
duals is suboptimal for the population as a whole. 


IN nature, adaptations for dispersal are ubiquitous and are often 
applied in almost suicidal ventures or in ventures which seem 
too feeble to be worthwhile (such as dehiscent seeds that fall 
only a few feet from the parent plant). This behaviour is clearly 
advantageous if the habitat is unstable or offers many empty, if 
transient, patches. We discuss here some simple models that 
help to explain why such dispersal is also advantageous even in 
stable and saturated habitats. 

To begin, we consider a wholly parthenogenetic species in an 
environment that provides a fixed number of sites, at each of 
which just one adult can live. In a fixed season at the end of its 
life each adult produces a certain constant number of offspring, 
m. A fraction y of these are programmed to be migrants (for 
example, insects provided with wings and appropriate instincts, 
seeds with a pappus for wind dispersal). The remaining fraction 
(1—¥) are destined to be sedentary competitors for the home 
site. The mother’s genotype, by means of some maternal 
influence on each ovum (or testa or fruit), determines the 
fraction yv. When ready, at about the time of the mother’s death, 
the migrant offspring take off and after mixing with all other 
migrants, and suffering a mortality such that only a fraction p 
survive, they are distributed equally to all the sites. There they 
compete on equal terms with the resident young which, it is 
supposed, up to this stage suffer no mortality (alternatively, if 
they do, p is the relative survival of the migrants). In effect, 
one offspring is chosen at random from among the young 
present on a site to become the adult at that site ın the new 
generation. 

We acknowledge that this simple model probably has few 
close parallels in the real world. Nevertheless ıt may usefully 
force a re-examination of some widely held ideas’ about 
migration. 

For example, it has been claimed as “intuitively obvious” that 
in a saturated and time-invariant environment “organisms can 
never gain any advantage by changing their locations’!. The 
schematic illustration presents a counter-example based on the 
above model 


x x 

o o o o o o o 

Offspring o o o o o o o 
(after dispersion) o o o o o o o 
o o o o o o o 

o o o x o o o o 

Adults O (0) O xX O o O O 
Site labels a b c de f g h 


The environment (represented by the eight sites labelled a to A) 
here is saturated and time-invariant. In the absence of any 
migrating mutant like X, and with full survival of stay-at-home 
propagules, the majority genotype O which keeps all propa- 
gules at its own site can perfectly maintain the population. But 
the ‘ʻO’ strategy is not evolutionarily stable. The genotype O 
will be replaced by the mutant X, which keeps only one propa- 
gule at home, even though ıt loses two of its remaining four 
propagules due to mortality in migration (assumed to be 50%; 
p = 0.5): obviously X has a chance of 1/6 of winning each of 
sites c and f; meanwhile, at least against so ill-advised a geno- 
type as O, it certainly retains its base at d. Hence X is certain 
to become the established type. Of course the particular 
migration probability of X (v = 4/5) illustrated here will not 
itself prove to be the evolutionary stable strategy, or ‘‘ess’’, 
except for some special value of the survival factor p. Normally 
other mutations would supervene, after the spread of X, until 
finally a migration probability that was evolutionarily stable 
was approximated. 

In general, the one or more ess migration probabilities which 
the model might have can be determined as follows. The 
population is imagined to contain two types, using migra- 
tion fractions v and v’. An expression is written for the fitness, 
w’, of one adult of type v’. This fitness, or expected number of 
sites to be gained by offspring, will consist of the chance of 
retaining the home site plus the expectation of sites to be gained 
elsewhere by migrant offspring. From this we find the value of y 
which has the property that w’ > 1 for all v’ v (mean fitness in 
the model is unity, so that w = 1). The value of v so found, 
symbolised v*, is unbeatable? in the sense that any genotype 
with strategy v + v will have a diminishing frequency in any 
mixture. 

For the simple limiting case where the number of sites and the 
number of propagules per parent are large, we find by this 
method that the ess or unbeatable migration probability is 


v* = 1/(2—p) (1) 


Because this formula shows no dependence on the composition 
of the mixture, stable mixtures are not possible, and the ess can 
be considered safe against both rare mutations and any massive 
invasion by a different genotype. 

A striking conclusion to be drawn from equation (1) 1s that 
even when migrant mortality 1s extremely high (small p), and 
the environment offers no vacant sites for colonisation, it is 
still advantageous to commit slightly more than half of the 
offspring to migration. 

Pre-eminent among the artificialities of this model are: (1) 
insistence on death and replacement of every parent in each 
generation; (2) absence of vacant sites (stemming from the 
deterministic description of the propagation processes); (3) pure 
parthenogenesis. We now indicate how the model may be 
extended to encompass such effects, paying particular attention 
to (2). 


Death and replacement of parents 


There is one simple and often realistic assumption that allows 
for perennation of the parents, while preserving the result (1). 
The assumption ıs that all parents, irrespective of age, have 
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Fig. 1. The surface depicted here gives f (the equilibrium 
fraction of sites occupied) as a function of v (the fraction of 
offspring that migrate) and p (the relative survival probability 
for migrants), under the assumptions delineated in the text, for a 
meéan ‘brood size’ m = 3. The contour lines are for constant 
values of f, spaced at intervals 0.1 apart (that is Af = 0.1). On 
„this surface, the trajectory labelled ess shows the dispersal 
strategy that is evolutionarily stable, v*(p), as a function of p. 
The ess trajectory is to be contrasted with that labelled M, which 
shows the strategy which maximises site occupancy for given 
p, Wp). 


some constant probability q to survive and retain their sites 
into the next season. This corresponds to the so-called ‘Type H 
survivorship curve’, which is known to be not far from true for 
many organisms. For such organisms, both stay-at-home and 
migrant offspring have their expectations of inheriting a vacant 
‘site devalued by exactly the same factor, namely 1—g, which 
consequently cancels itself out of the analysis. (On the other 
hand, for organisms whose chance of surviving from one year 
to the next diminishes with age, the ess will be age-dependent, 
if this is biologically feasible. Adikely outcome is a ‘bang-bang’ 
strategy’, with all propagules dispersed until their parent 
reaches a certain age, whereupon all propagules stay at home.) 


Vacant sites 


In our simple model, the evolutionary pressure that commits 
at least half the offspring to migration, no matter how risky 
migration is, results from an advantage in arranging competitive 
interactions as far as possible with unlike genotypes. It can be 
imagined that in nature such a pressure to take risks could cause 
a wastage that was damaging to the population’s chance of 
survival. This cannot happen in the simple model because its 
deterministic assumptions keep all sites occupied; to in- 
vestigate wastage we need some version that relaxes this 
assumption (2). Such a version may have some bearing on our 
confidence in models of theoretical ecology in general, because 
these often take it for granted that the species discussed already 
have, or will evolve towards, maximal efficiency of resource 
utilisation. 

To this end, we stochasticise the earlier model by assuming 
the number of propagules produced at any given site is given by 
a Poisson distribution, with mean equal to the previously 
constant value m. It follows that the numbers for emigrant and 
for stay-at-home offspring, and for immigrants, are all generated 
by Poisson distributions for which the same symbols and 
expressions as occurred in the simple model are now to be taken 
as the means. Note that m is the mean brood size and also the 
variance in brood size, so that the relative magnitude of statis- 
tical fluctuations goes as m~. The parameter m thus comes to 
have an important influence, especially when relatively small; 
when m is large, the present stochastic model tends to revert to 
the earlier deterministic one. 

‘Now’ sites can become vacant. Vacancies begin or continue 
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whenever a site happens to have no surviving stay-at-home 
offspring and receives no immigrants. Obviously, some migra- 
tion is essential if extinction is to be avoided, and from the 
population point of view there will be some level of migration 
that keeps extinction at furthest reach®. 

For any specified combination of m, v and p, the system 
settles to some stable level of site occupancy f (that is f = frac- 
tion of sites occupied), with a zero level signifying that extinction 
is inevitable. This stable level f is given (for f > 0) by the 
implicit relation 


Af) = eme-9 jeer 1] © 


For given m, the site occupancy function f defined by equation ; a 


(2) may be mapped over the unit square of admissable: values 
of v and p: f(v,p) is found to have the form of a smooth pro- 
montory (Fig. 1 for m = 3), or, for larger m, a squarish head- 
land (Fig. 2 for m = 10). In any such figure, for fixed v the 
occupancy f(p) falls convexly with decreasing p, and clearly 
must always hit extinction somewhere short of p = 0. The 
smallest p that still allows the population to exist may be shown 
to occur when v = l/m, that is when just one migrant is dis- 
patched from each site. The concomitant least value of p is 
given by Pmin = exp(1-~m), which is very small! for moderate 
values of m; slightly larger values of p carry fup to a ‘plateau’ at 
a level of nearly complete occupancy. Conversely, for fixed p, the 
occupancy f as a function of v at first rises (albeit very slightly 
for large m) to a maximum as r decreases; then, as v decreases 
further, this is followed by a steepening fall in f, which goes 
to zero short of y = 0. 

Thus we may trace out the locus of the strategy, ?, that 
maximises the site occupancy f for given p; this locus moves up 
a ‘cliff’, and across a ‘plateau’ to p = y = 1 (Figs 1 and 2). This 
strategy Ŷ is that which is ‘best for the population’. 

This locus of the strategy for maximal occupancy, ?, is to be 
contrasted with the locus of the ess y*, which is determined by 
the method described above. The ess migration probability, 
v = p*, is given by 


v'p— vef (w+ vpf) 


explm(u-- vpf)] = Apru utim) B) 


Here u = 1—yv, and f has the value implicity fixed by equation 
(2). The derivation of the results (2) and (3) will be set out 


Fig. 2 As for Fig. 1, except that now the mean brood size is 

m = 10, Again the solid contour lines depict constant values of f, 

from f = 0 to 0.9 at intervals of 0.1; the increasingly broken 

contour lines on the ‘plateau’ are for f = 0.99, 0.999 and 

0.9999, respectively. For a more full discussion of Figs | and 2, 
see text. 
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elsewhere (our work with H. N. Comins); unlike the earlier 
simple result (1), these equations are made more complicated 
if age-independent or ‘Type II perennation of the parents is 
introduced. 

The locus of the ess migration fraction v*, so determined, is 
shown in Figs | and 2. We note that ess migration is always 
higher than maximum-occupancy migration, although they 
converge at the two extremes (at perfect and at least-possible 
survival, p = | and p = Pmin). This is true for all brood sizes 
m. As m is increased towards more usual biological values (from 
m = 3 in Fig. | to m = 10 in Fig. 2), the separation between 
the ess and maximum-occupancy loci with respect to v also 
increases strikingly. This separation results mainly from the way 
the changing shape of the site-occupancy surface f(v, p) controls 
the course of Ŷ; that is ¥ (p) is much more affected by changing m 
than is v* (p). The separation between the two loci with respect 
to f, however, remains very small, even for populations that are 
on the ‘cliff face’ of the f surface and hence in some danger of 
extinction. 

In other words, the ess v* can demand far more migration 
than is ‘best for the population’ (#), but such excess does not, in 
this model at least, substantially affect population safety nor 
create many extra vacant sites that would give other species 
opportunity to evolve as competitors for the niche. Notwith- 
standing the small difference in occupancy levels, there is 
usually strong selection to establish v* rather than $. One 
incidental consequence of the relatively abundant supply of 
migrants is that some must overflow from the system and 
occasionally have the luck to found new populations elsewhere. 
It therefore seems that our models show, after all, a case where 
a trait is positively adaptive at more than one level: the ess is 
best for the genotype, suboptimal at the level of an isolated 
population, and advantageous in carrying the population to new 
areas. 


Sexual organisms 


If the organisms are taken to be sexual rather than purely 
parthenogenetic, with migration probability depending on the 
genotype of the offspring, lower values of v* are definitely 
expected. 

This follows from the observation that our models directly 
treat the genetic success of a mother. A parthenogenetic 
offspring has an identical genotype, so that whatever maximises 
inclusive fitness* for the mother maximises it for the offspring. 
In contrast, the inclusive fitness of a sexual offspring normally 
differs from that of its mother, and, in some direct relation to 
the hazards of migration, will find its optimum at a lower 
migration rate. Hence there is a conflict of interest between 
parent and offspring™*. Its outcome will depend on the bio- 
logical circumstances: as regards applying a pappus to a seed to 
make it blow away it is clear that the parent has a strong 
position; as regards making wing buds become wings in an 
insect it is much more likely that the offspring can have its 
preference. 

In nature, less migration generally means more inbreeding; 
such inbreeding reduces the genetic contrast between parent and 
offspring, and thus tends to diminish the difference between 
parthenogenetic models and sexual models with offspring- 
determined migration. Various situations can arise. If males 
mate before migration in a one-per-site situation, inbreeding is 
total and the model is again effectively as under partheno- 
genesis. Unfortunately, the small arthropods which almost meet 
this extreme of inbreeding and which have a dispersal poly- 
morphism (for example, some mites of the genus Pygmephorus 
(ref. 9 and unpublished results of W.D.H.) are far from 
meeting the assumption of fixed unitary sites, being rather 
exploiters of patchy, ephemeral resources. If inbreeding occurs 
because males sometimes survive along with a sister, then our 
one-per-site assumption does not hold. 

But if male offspring are assumed always to migrate, then 
outbred sex can be brought in and the one-per-site feature 


Nature Vol. 269 13 October 1977 


retained; moreover, this version may approach realism for 
some of the many insect species that have free-flying males 
while females are either wholly flightless or polymorphic for 
flight. For the simple, non-stochastic version of this model with 
allele semi-dominance, the ess migration probability for the 
female offspring is indeed lower than for the parthenogenetic 
model: in place of equation (1), we now have 
yt = 0 fort} >p>0 
(4) 
y* = (2p—-D)/(4p—1—2p*) for 1 > p> 


The fact that v* = 0 for p < 4 suggests that when this model is 
made stochastic (along the lines followed previously) the ess 
may imply situations where the population and the species is 
dangerously liable to extinction. We are pursuing this open 
question. 

(Roff? has used computer simulations to study migration in 
models which not only have sexual reproduction and multiple 
adults per site with a density-dependent migration structure, but 
also have temporal variability in site suitability. It is obvious 
from the facts of nature", and is confirmed in both Roff’s 
model and several others'!*~", that erratic habitat suitability 
(including local extinction) is an extremely important factor in 
favouring adaptions for dispersal and migration. More relevant 
to the present discussion, however, is Roff’s demonstration that 
his ess migration probabilities are considerably lower than those 
which would keep populations highest and most secure from 
extinction. Although partly attributable to the workings of 
sexuality and Mendelian inheritance in Roff’s models, this effect 
arises primarily because there are many adults per site, which 
changes the calculation of inclusive fitness in such a way as to 
favour the short term, selfish option of not dispersing.) 

It would be satisfying to conclude by listing a few biological 
illustrations of principles suggested by the models. Unfor- 
tunately most of the examples which have come to mind are 
more in the region of jokes than of reality: they range from 
Caulobacter crescentus, whose asexual fission always produces 
one stalked sessile cell and one motile one that swims away, 
through the inevitable lemmings and on to the non-first sons in 
Victorian families who joined the army or went to Australia. 
Both our simplest model, and the refined versions (1) and (2), 
support what these examples might illustrate, namely a mini- 
mum rule that ‘at least one must migrate whatever the odds’. All 
three examples, however, fail to have fixed sites and, except for 
Caulobacter, fail also in regard to asexuality. There are flight 
dimorphisms in non-sexual insects (for example, aphids in 
summer: the tiny sub-cortical beetle Prinella errabunda) and 
probably parallels in some weeds (for example, Com- 
positae)'”"!*, but in being colonist species these fit badly with the 
assumptions of fixed sites and of no extinction or recreation of 
habitats on a large scale. But the fact that colonist plants in arid 
environments, where perennation of the whole plant (as opposed 
to survival of its seed) may be hardest to achieve, seem especially 
inclined to produce actually dimorphic or differently shed 
propagules with one class buried or otherwise retained beside or 
under the parent!® (Sieglingia decumbens is the best example in 
Britain) does at least suggest that a plant’s perennating body 
(or its tubers, corms or the like) should be considered its bid to 
retain the home site. We expect the investment in such aids to 
perennation, as opposed to investment in flowers and dispersing 
seed, to show positive correlation with the chance that seed if 
produced would end up destroyed or in sites that never could 
support an adult. For example, the more successful a specialised 
epiphyte or parasite is at getting its propagules to suitable sites, 
even when these are objects of intense competition, the more it 
should produce them. A mistletoe should flower more than an 
epiphytic orchid; and we should not be surprised to find that 
weedy perennial species put more net assimilation into seed 
production than do climax perennial species**. This may be so 
but is not particularly exciting; other explanations are 
available. It is not easy to test the quantitative conclusion that, 
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because v* > 4 for most values of p, we expect to find at least 
one-half of net assimilation going into some form of growth or 
propagule production that extends competition beyond the 
space that the organism already occupies. 

The value of our models lies primarily in their approach 
and method, in their well-determined conclusions, and in the 
novelty of having made plain a new reason for the ubiquity of 
dispersal, We have shown that the habitat does not have to be 
patchy and of erratic suitability; substantial dispersal is to be 
expected even when the habitat is uniform, constant, and 
occupied completely, 
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581 


Received 9 June; accepted 5 July 1977. 


t Cohen, D. Am. Nat. 101, 5 (1967). 

2 Maynard Smith, J. & Price, G. R. Nature 246, 15 (1973). 

3 Hamilton, W. D. Science 186, 477 (1967). 

4 Macevicz, S. & Oster, G. F. Behav. Ecol. Sociobiol. 1, 265 (1976). 

š May, R. M. Stability and Complexity in Model Ecosystems, Second ed, 

(Princeton University, Princeton, 1974). 

© Hamilton, W. D. J. theor. Biol. 7, 1 (1964). 

? Trivers, R. L. Am. Zool. 14, 249 (1974). 

= Hamilton. W. D, J. rheor. Biol. 7, 17,1964). 

? Moser, J. C. & Cross. E. A. Ann, ent. Soc, Am. 68, 820 (1975). 

it Rof, D. A. Oecologia, Beri. 19, 217 (1975). 

i! Southwood, T. R. E. Biol. Rev. 37, 171 (1962). 

12 Gadgil, M. Ecology 52, 253 (1971). 

13 Van Valen, L. Evolution 25, S (1971). 

i4 Levins, R. in Some Mathematical Questions in Biology 2 (American Mathematical 

Society. Providence, Rhode Island, 1970). 

15 Kurn, N. & Shapiro, L. Prec. natn. Acad. Sci. U.S.A. 73, 3303 (1976), 

te Taylor, V. A. thesis, Univ. London, (1975). . 

17 Harper, J. L., Lovell, P. H. & Moore, K, G. A. Rev. Ecol. Syst. 4, 327 (1970). 
18 Stebbins, G. L. A. Rev. Ecol, Syst. 2, 237 (1971). 

1 Zohary, M. Plant Life of Palestine, Israel and Jordan (Ronald, New York, 1962). 
20 Harper, J, L. & White, J. A. Rev. Ecol. Syst, $, 419 (1974). 








letters to nature 





Radio emission from a normal HD26676 star 


In the field of an observation of the cluster Abell 478 
made with the Westerbork Synthesis Radio Telescope’ at 
2} cm, we have discovered and report here a weak radio 
source coincident with the 6.2-mag B8Vn star’ HD26676. 
The source positions derived from both the 2ł-cm 
observation, and measurements made later at 6cm, agree 
within the errors with the AGK3 position of the star 
(Table 1). The 2l-cm data were obtained during a single 
8-h observation, while at 6cm three measurements, each 
lasting for 10h, were made over a period of 6 weeks. 
There is no significant indication of variability from the 
three flux densities derived at 6cm (Table 2). The global 
6-cm flux density, as well as the position in Table 1, were 
obtained by combining the three observations in a single 
map. 

Polarisation (linear and circular} is less than 10% of 
the total intensity at 21 cm and less than 20% of that at 
6cm. The radio source is unresolved at both wavelengths, 
which sets an upper limit (in right ascension) of about 
4arcs to the angular size. No radio emission coincides 
with the reflection nebula associated with the star? at a 
level of about 2mJy per beam (area about 1 arc min’) 
at 21cm and about ImJy per beam (area about 
0.1 arc min’) at 6cm. 

Although the optical and radio positions agree, within 
the errors, we must consider what the probability of a 
chance coincidence is. The area enclosed by the 6-cm 
position errors is about 2x 10°° deg’. The density of stars 
brighter than 8 mag (ref. 4) (we assume that anyone 
finding a radio source close to such a star would be 
prompted to investigate the possibility of association) is 
about | deg”, suggesting an a priori probability of 2 in 10° 
that the coincidence occurred by chance. While this is 
reasonably small, thorough identification work has been 





Table 1 Optical and radio positions 





Right ascension (1950.0) Declination (1950.0) 





(h mins - s) { ) 
Optical* 04 10 50.11 + 0.01 10 05 11.54+0.2 
6.0 cm 04 10 50.19 -0.41 10 05 04.9 
21.2¢m 04 10 50.142 0.15 10 05 074-16 





*The position given is corrected for proper motion to 1977.0 


done on nearly 1,000 radio sources observed with 
Westerbok at 21 cm (see ref. 5 and refs therein), and one 
other radio position agrees with that of a 13-mag star. 
Nevertheless, we conclude that the star and radio source 
are probably related and now consider the consequences 
of this fact. 

Assuming the source did not vary during the 10 months 
separating our two sets of observations, the flux densities 
in Table 2 give a spectral index between 6cm and 21 cm 
of a = —0.8+0.2 (where flux density is proportional to fre- 
quency @). This qualifies HD26676 as a radio star according 
to the definition of Hjellming er al.” : if the source has not 
varied, its radio spectrum clearly indicates that the 
radiation is not the result of free-free emission from a 
surrounding nebulosity. Like several of the other radio 
stars (such as 6 Per and £ Lyr), HD26676 is of an early 
spectral type. At a distance of 126 pce (ref. 3) its 21-cm 
luminosity is 2x10" W Hz`. The radio power between 
1 GHz and 10 GHz (assuming a constant spectral index) 
is 8x10" ergs’, a value typical of the ‘quiet’ state of 
radio stars. 





Table 2 Measured radio flux densities 





` Flux density (mJy) 


Wavelength (cm) Mean date 


6 6.5 February 1977 

6 21.9 January 1977 

6 27.9 December 1976 

6 (combined) 
21 12.8 February 1976 








In several respects HD26676 differs from other radio 
stars. Its spectral index is negative, while that of radio 
stars in their quiet state is usually positive. But there is 
evidence that the radio flares must be non-thermal’ and 
in several cases, notably Sco X-1 (ref. 9), the spectral index 
is generally negative. Of course, Sco X-1 is predominant 
as an X-ray star, and the SAS-3 observation of Abell 478 
(ref. 1) enables one to put a limit on any X-ray 
emission from HD26676. H. W. Schnopper (personal com- 
munication) has estimated that the count rate cannot 
exceed one-third of that from Abell 478. This means that 
the 2-l1-keV luminosity of HD26676 must be less than 
a few times 10" erg s”' (epoch 1976.9). This is considerably 
less than the luminosity of typical X-ray stars such as 
Sco X-I, Cyg X-I and Cyg X-3, all of which are also 
radio sources. 
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The most important difference between HD26676 and 
all other radio stars is the fact that it is not known to 
be either a binary system or a variable star. Most models 
of the radio emission make use of mass exchange between 
stars in the system’. For this reason HD26676 could be 
a critical test case for emission mechanisms. If further 
observations confirm the radio—optical association and 
its non-binary character, it would provide an important 
constraint for future models. 

We thank Dr C. Jaschek of the Centre de Données 
Stellaires, Observatoire de Strasbourg, for references for 
HD26676. The Westerbork Synthesis Radio Telescope is 
operated by the Netherlands Foundation for Radio 
Astronomy with financial support from the Netherlands 
Organization for the Advancement of Pure Research 


(Z.W.O.). 
R. G. Strom 
D. E. Harris 
Netherlands Foundation for Radio Astronomy, 
Dwingeloo, 


The Netherlands 


Received 26 July; accepted 15 August 1977. 


Schnopper, H. W. et al. Astrophys. J. Lett. Gn the press). 

. Cowley, A, Astr. J. 17, 750 (1972). 

Racine, R. Astr. J. 73, 233 (1968). 

» Allen, C. W. Astrophysical Quantities (Athlone, London. 1973). 

š ae H. R., Willis, A. G. & Arp, H. C. Asir. Astrophys. Suppl. 28, 214 
fs temine, R. M.. Blankenship, L. C. & Balick, B. Nature phys. Sci. 242, 84 


. Jones, T. W. & Woolf, N. J. Astrophys. J. 179, 869 (1973). 
. Gibson, D. M. & Hjellming, R. M. Pub. asır. Soc. Pacific 86, 652 (1974), 
. Hjellming, R. M. & Wade, C. M. Astrophys. J. Lett. 164. Li (1971). 


WEN D wewn— 








Enhanced metal depletions 
and interstellar H, abundances 


THE OAO 3 Copernicus ultraviolet satellite has provided im- 
portant new data on the abundances of elements in the inter- 
stellar gas in the direction of many O and B-stars along lines of 
sight of low optical depth! ~+. This information may make it 
possible to choose between the following theories of molecular 
hydrogen formation in interstellar clouds: (1) physical adsorp- 
tion of H-atoms on to cold dielectric grains and their subsequent 
recombination and desorption®; (2) H, recombination on 
graphite grains*; and (3) hydrogen recombination by non- 
activated chemisorption on transition metal grains’. Indirect 
methods of testing the above theories are essential because there 
is a glaring lack of experimental data, especially for processes 
(1) and (2). Also, it does not seem possible that in the near 
future radio astronomers will be able to measure the abundances 
of the various hydrogen ions (such as H,* and H,') that the 
above theories predict’. 

In view of the fact that the catalytic production of H, can 
take place in the laboratory’, it probably occurs in the inter- 
stellar medium because the temperatures of metal grains are 
about an order of magnitude hotter than dielectric ones!’. An 
examination of the depletion of interstellar elements from the 
gas phase may ultimately be able to discredit or lend credence 
to this theory. Consider Table 1, which lists the interstellar 
depletions with respect to solar system abundances (ò = 
log(N/Nu) ~ log(N/Ny)<) along lines of sight to ¢ Oph (ref. 2). 
o Per (ref. 4), and à Sco (ref. 3) for certain key elements—carbon, 
oxygen, silicon, and iron. Towards € Oph and o Per, where the 
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visual extinction A, = 1.0 mag, the fraction f of hydrogen that 
is in molecular form is between 0.5 and 0.7, while towards 
unreddened å Sco, f ~ 10. There seems to be a weak corre- 
lation between iron and silicon depletions and H, abundances. 
In contrast there seems to be no noticeable relationship between 
the amounts of carbon and oxygen depleted from the gas phase 
and the amount of gaseous H, detected. Since it is commonly 
assumed that process (1 )—the physical adsorption of hydrogen— 
is the primary mechanism for H, production, one might have 
expected to find enhanced carbon and oxygen depletions with 
the higher abundances of H,. The reason for this preconceived 
notion is the assumption that the cold dielectric grains where 
this process is thought to occur are mainly silicate core particles 
with heavy mantles of C-N-O ‘ices’®. 

These conclusions are partially reinforced by an examination 
of depletions in high-velocity clouds. Barlow and Silk}! have 
shown that there is a systematic depletion of iron and silicon 
with gas velocities towards unreddened stars: the higher the 
velocity, the lower the amount of depletion. They make a strong 
case that this is the result of the sputtering of refractory grains 
in interstellar shocks. It is interesting to note, however, that the 
graph of the depletion factors for iron and silicon plotted against 
the logarithm of gas velocity has the same characteristic shape 
(but opposite slope) as a plot of log Ny (cm~?) against log 
vy (km s~!). This effect may be statistical in that Barlow and 
Silk used data from only seven stars. [t is also reasonable to 
assume that this pattern is not a coincidence and that higher gas 
velocities always correspond to an increase of iron and silicon 
in the gas phase and a decrease of atomic hydrogen, as ex- 
plained by their ‘snowplow’ model!?. 

An examination of the data for these seven stars!!!" shows 
that although there is a good correlation between the 5s and 
gas velocities, there is only a very weak correlation between the 
és for iron and silicon and the values of f. For example, for the 
low-velocity component of u Col (ref. 12), 6(Fe) == -- 1.8 0.2 
and f œ 4.5» 107, while for the higher-velocity component, 


f= 6x107. Unfortunately, for HD74455 (ref. 13), d(Fe) ~ 0.1 


while f ~ 4x 10>%, Part of the problem is that towards all these 
unreddened stars, 10°! </< 1077, and a small error in observa- 
tion or reduction can produce a correspondingly much larger 
error in f. Also, these stars may have fairly recently undergone 
heating by interstellar shock fronts, producing large deviations 
from equilibrium abundances. Thus, studies attempting to 
correlate 6(Fe) with H, abundances should confine themselves 
to low-velacity clouds of appreciable (4, = 1.0 mag) extinction. 

If we do accept the possibility that there is a direct corre- 
lation between the amount of H» being produced and the amount 
of iron and silicon in the grains, we are still left with two alter- 
natives. First, some of the H, may be formed by means of 
catalytic reactions on the surfaces of iron grains (process (3)). 
Although nothing in the above analysis proves this conclusively, 
nothing contradicts it either, Second, H, may be produced by 
process (1) on cold, silicate grains through the mechanism of 
physical adsorption. Although it may be possible for reasonably 
pure iron grains to exist in the interstellar medium by virtue of 
the fact that metallic iron will condense out of a hot gas before 
any of its compounds, the same cannot be said for silicon. 
Studies of the condensation temperatures of compounds and 
elements =! show that pure silicon is an unlikely possibility. 
Instead, silicon forms such compounds as CaAl,S1,0,, Ca,SiO,, 
and Mg.SiO,'*. Thus, for every atom of silicon that is depleted, 
there is an average of 3-4 oxygen atoms. As oxygen is about 21 
times more abundant cosmically than silicon'*, there is still 








Table ł Interstellar depletions of elements 
E(B-V) ; a 
Star (mag) &(C) 6(O) &(Si) o(Fe) 
6 Oph 0.32 ~ 0.87 to —0.54 0.68 to — 0.49 — 1.88 to — 1.38 2.05 to — 1.89 
o Per 0.32 — 1.65 ta —0.43 —2.70 to — 0.59 —2.13 to — 1.82 2.39 to — 2.44 
À Sco 0.03 +0.2 to —09 —0.7 = 0.1 -Li 40.1 -141.3 40.2 
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, Plenty of oxygen left to be incorporated into extensive ‘ice’ 
» mantles and still agree with the interstellar depletions listed in 
Table 1. Hence, nothing in Table 1 contradicts the possibility 
of process (1). (As for process (2), nothing can be said at this 
time since there is a strong possibility that crystalline graphite 
cannot be produced in the interstellar medium! ”°.) 

Observations of interstellar depletions may one day be able 
to decide how H, is produced in interstellar clouds. At present 
all that can be said is that neither process (1) or (3) can be 
dismissed without further consideration. It is hoped that this 
paper will stimulate additional! research. 
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Interstellar grains as 
possible cold seeds of life 


As long as entropy ceases to play any part in equilibria when 
the temperature approaches absolute zero, all exothermic 
reactions—-up to the formation of the most complex bio- 
polymers—-become thermodynamically profitable. In such 
conditions the reaction rate starts to play a decisive part in the 
observability of chemical transformations. According to 
classical views (Arrhenius law) all reactions should completely 
stop when T -—- 0 and therefore the cold synthesis of biologically 
active substances is absolutely excluded. The phenomenon of a 
low-temperature limit to chemical reaction rates found recently, 
however, in the studies of radiation-induced polymerisation of 
formaldehyde'~*, showing the existence of chemical reactivity 
even at T-=0, obviously caused by quantum-mechanical 
molecular tunnelling, makes it possible to combine complete 
suppression of the entropy term in equilibria with an observable 
rate of exothermic chemical reactions, for example, of chain 
polymerisation (or any other integration of molecules) induced 
by light or ionising radiation. Thus molecular tunnelling 
suggests the possibility of a cold pre-history of life? ~*. 

The possibility of synthesising rather complex molecules 
under the combination of deep cosmic cold and various radia- 
tions of cosmic origin was recently proposed by Wickra- 
masinghe‘~* and Hoyle and Wickramasinghe’. Basing their 
argument on the properties of galactic nebulae in the infrared 
wavelength region they concluded that formaldehyde under- 
goes polymerisation in interstellar space with the formation of 
polyoxymethylene and even of polysaccharides. 

As discussed elsewhere*, the only possible mechanism of 
interstellar formation of such complex substances must be 
molecular tunnelling. From the results given in refs 1-8 one can 
assume that the grains of interstellar dust clouds serve as cold 
seeds of life. 

Interstellar chemical reactions have attracted the interest of 
astronomers, physicists, chemists and biologists (see refs 9-15). 
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Attention has been paid mainly to the gaseous reactions in 
interstellar clouds as well as to the reactions at the surface of 
grains. Most data concerning the formation of complex n- 
atomic molecules for n< 5-9 were explained by the 
mechanisms of bimolecular ion—molecule, or radical—radical, or 
radical-molecule interactions. 

AH authors, however, agree that the generally accepted 
mechanisms listed above are insufficient and unsatisfactory for 
n 2 5-9. So clearly, these mechanisms should not be applied to 
the formation of polyoxymethylene and more complex 
compounds. 

It seems necessary to consider interstellar grains as possible 
cold seeds of life, with chemical reactions in the bulk of these 
grains as a very important stage of prebiotic evolution.. The 
idea of a very significant role of reactions in ‘dirty-ice’ mantles 
of grains in the formation of quite complex molecules (up to 
amino acids) was put forward and defended by Greenberg 
(see refs 11, 13, 16). He regards as a main process leading to the 
integration of molecules the recombination of ultraviolet- 
produced radicals and other active centres assuming that such 
processes can lead to the explosion of grains once the over- 
critical concentration of active centres is reached. Besides 
emphasising that the action of any permanent external ultra- 
violet source can lead only to saturation in the yield of radicals 
rather than to their over-critical concentration®!”, one should 
remember that the recombination of radicals cannot form more 
complex products than can the other mechanisms mentioned 
here. I do not discuss here the role of shock wave-induced 
polymerisation and polycondensation of solids (up to the 
transformation of amino acids in polypeptides) we have 
observed!§ ~ 20, 

The cold pre-history of life, of prebiotic evolution in 
interstellar clouds postulated here is based on several main 
points. (1) The formation of complex molecules—up to the 
biopolymers—proceeds in the ‘dirty-ice’ mantles of inter- 
stellar grains in diffuse or dense clouds at very low (T ~ 10-20 
K) temperatures. The decisive part in such formation is played 
by exothermic (particularly chain-type) processes of addition 
and polymerisation proceeding by molecular tunnelling. 

(2) Integration of molecules in surface regions of clouds is 
ultraviolet-initiated. As shown elsewhere*®, the appearance of 
long chains (v > 1) of chemical transformations is possible in 
such conditions only if the duration of an elementary act of 
continuation of chain te < Raet Tus where Racy ~ 107° to 
10~* is the saturated concentration of active centres, that is, 
the time spent by each molecule in an active state under the 
external ultraviolet-irradiation. tuv ~ 100 yr is the characteristic 
time between two successive ultraviolet absorptions by any 
molecule of the grain. Thus for the development of long chains 
te < 0.1-1 yr. 

(3) Integration of molecules in the depths of clouds can be 
initiated ony by long-range cosmic protons. As the characteris- 
tic time between two successive interactions of such protons 
with any molecule of the grain tp ~ 3x 10° yr is 10-10" times 
longer than the life-time of dust clouds ta, limited by their 
gravitational collapse or by cloud—cloud collisions (105-10? 
yr)’ the accumulation of active centres in the depths of 
clouds does not reach saturation. Therefore, the development 
of chains of reactions requires the much less stringent condition: 
te < (1/v) ta and one can expect the formation of more 
complex molecules, and the occurrence of much more advanced 
prebiotic evolution in the depths of clouds rather than at their 
surfaces and in the interstellar gas. 

(4) The equilibrium chemical composition of cold inter- 
stellar dust can be obtained by relatively simple calculations 
under the assumption that entropy factors can be neglected and 
that the whole totality of chemical reactions leads to the 
formation of the system of monomers with a minimum possible 
enthalpy (for the given balance of abundances of various 
elements). 

The possibility of existence of some unsaturated H, C, N, O 
(and also S, P)}containing monomers (with multiple inter- * 
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atomic bonds) in such equilibrium dust would automatically 
mean also the possibility of exothermic polymerisation of such 
monomers (like the case of polymerisation of formic acid and 
methanimine with formation of glycine mentioned in ref. 21), 
and molecular tunnelling opens the route of such polymerisa- 
tion valid even at T~-- 0. 

In this way the possibility of energetically profitable forma- 
tion of unsaturated monomers at the natural balance of ele- 
ments’ abundances would clearly constitute a serious argu- 
ment in favour of the hypothesis of cold prebiotic evolution in 
interstellar grains, 

(5) When the cloud collapses and a new hot star is created in 
its centre, the flattened protoplanetary disk formed from the 
remnants of the cloud continues to be cold. The temperature 
does not rise during either the consequent accretion of dust 
particles with the formation of planetesimals (including comets) 
or the agglomeration of most of planetesimals into the 
planets?'~??_ This makes it possible that the formation of 
complex polymer molecules in cold interstellar dust can 
provide a real cold pre-history of life rather than simple accumu- 
lation of negative entropy. The molecules formed can reach 
such a high degree of complexity that they are even able to 
display the simplest biological functions as soon as the new 
star begins to heat its own planets and thus sharply increases 
the rate and variety of chemical reactions. 

I thank Academician A. I. Oparin, Dr V. S. Strelnitskii and 
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Muon catalysis of hot fusion 


Tne idea of muon catalysis of cold fusion dates back nearly 50 
years'~*, but the death blow to the technique was given by 
Jackson‘. It has been revived by Tan® in connection with fusion 
in inertially confined pellets and his idea is sufficiently im- 
portant to warrant further investigation. Our calculations 
suggest that Tan’s estimates are unjustifiably optimistic and 
so there is no possibility of achieving an energy gain. 
The basic reactions are 


d+—-He,?+-+-p>+-n+17.6 MeV 
-{uHe,) + n+ 17.6 MeV (1) 


and the corresponding dd and tt reactions which have a rather 


Nature Vol. 269 13 October 1977 


lower probability. We assume, following Tan, that the pellet 
is totally ionised, and for definiteness consider a 0.5-cm radius 
pellet at a temperature of 10 keV and solid density. The reac- 
tions then occur in flight with a total rate of about 10° s~ 

The method avoids the formation of (uHe,)*, which nor- 
mally terminates the catalysis chain for the following reason: 
the recoil (tHe,)* moves off with an energy of 3-4 MeV. 
Although it is travelling through a dense medium, the usual 
energy loss mechanism (ionisation of ordinary atoms) is no 
longer available to it. The only mechanisms available in a 
plasma are elastic scattering by the Coulomb force and ionisa- 
tion of the (wHe,)*. Using standard techniques? we find the 
corresponding rates to be 10° s~ and 10° s~ (we have rounded 
off all rates to the nearest order of magnitude). In other words, 
stripping of the muon is very probable, and it would thus 
be able to take part in further fusions. 

Unfortunately this is irrelevant for the inertial confinement as 
proposed by Tan. If the confinement time is 10°" s, and the 
reaction rate 10°s~!, on average each muon would catalyse 
one reaction, hence the occurrence of R. (the catalytic chain 
ratio) in equation (5) of ref. 5 is erroneous. 

The cost of producing a useful muon (that is, one stopping 
in the pellet) has been grossly underestimated by Tan. Accord- 
ing to Tan e, (the energy required to produce one muon) 
lies between 10° and 10" eV, and, Xa (the fraction stopping 
in the target) between 10“ and 107°, so that e„/x„ lies between 
10"! and 10" eV per useful muon. The higher value of e, is 
taken from Jackson who optimistically proposed a ratio of 
proton beam energy to input electrical power of 0.2 (for 
TRIUMF, this ratio is ~ 0.01) and assumed that every muon 
produced was available to catalyse a fusion reaction. In addi- 
tion, however, only a very small fraction of muons can be 
focused into a useable beam. 

It is more useful in the situation being discussed here to refer 
to values of e,/x, that are obtained in today’s meson factories, 
with beams designed to optimise muon stopping rates in small 
targets. In the standard technique, pions from a target placed 
in the proton beam are collected in a long (~ 10 m) magnetic 
channel which confines them and their decay muons. The 
latter emerge from the channel exit in a very crudely focused 
beam; obviously they cannot be sharply focused as their 
source is fairly large radially and very long axially. If we take 
as typical ‘state of the art’ values, an accelerator input power 
of 2x10% eV s~ (TRIUMF: 100 pA at 500 MeV) and a u 
stopping rate of 10° g~ s~ (SIN: 100 HA at 500 MeV) then 
for a 0.5-cm radius pellet of density 0.71, ¢,/x, is 5.4 x 10% eV. 
In fact, as we show below, the stopping rate in an ionised 
pellet would be very much smaller. 

The final objection is the most serious. Whereas it is true 
that the capture reaction 


Hoe to ptt 


has a rate of 10}? s~! in a solid, it is not true in a plasma, even 
at solid densities. Using Thomson’s classical model®, the 
capture rate is ~ 10° s~, if we assume the plasma to be totally 
ionised. In fact, the plasma will be about 99.98 °% ionised, and 
the remaining atoms could be reasonably effective in capturing 
mesons. To estimate this rate, we assume that an atom has the 
same capture rate in a plasma as would in a solid, and multiply 
the solid rate by the effective density of atoms. This gives a 
rate of 10° s~, which in itself is a gross overestimate as 
capture in a solid occurs only for very slow muons. This is 
not incompatible with the Saha equation: the only significant 
population of muons will be in the Is level, and, by the above 
arguments, the reaction time for capture into the I-s level is 
very much longer than the operative timescale of 10~*s. 

The same point may be made in slightly different fashion: 
Tan assumes that the incident muons have an energy of 4 MeV 
and are stopped in the first 10~* m of the pellet. In fact, the 
mean free path will be ~ 80cm, so if the pellet is pre-ionised, 
it will be totally transparent to muons. Further, we note that 
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the pellet will be transparent to the reaction products (4 MeV 
a’s and 14 MeV neutrons) so no heating of the pellet will occur. 
We thank Dr P. A. Redhead for bringing Tan’s paper to 

our attention, and Dr C. K. Hargrove and Dr H. Mes for 
discussions. 
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Water-promoted oxidation 
of carbon monoxide over 
tin(IV) oxide-supported palladium 


CATALYTIC oxidation of CO, both by O: and by nitrogen 
oxides (NOx), is of considerable relevance to the removal 
of toxic CO and/or NO, from exhaust gases. Certain 
applications such as automobile exhaust control in 
cold-start conditions, and the removal of CO from tobacco 
smoke by use of a catalytic filter, demand not only catalytic 
activity at moderately low temperatures, but also effective- 
ness in the presence of water vapour. The low-temperature 
activities of most catalysts are at best (for example precious 
metals) partially destroyed, or at worst (for example base 
metal oxides) totally destroyed by poisoning due to water 
vapour. The results presented here demonstrate that, not 
only is the low-temperature activity of the Pd-SnO, system 
not poisoned by water vapour, but rather its presence 
causes a marked enhancement in activity for the oxidation 
of CO both by O: and by NO. 

The catalytic activity of SnO.-supported palladium for 
the oxidation of CO both by O: (refs 1, 2) and by NO 
(ref. 3) has previously been shown to be considerably 
higher than that predicted from purely additive or metal 
dispersion considerations. This synergism has obvious 
relevance to potential applications where precious metals 
are supported on oxide carriers, a topical example being 
the oxide wash-coats used to ‘key’ precious metals to the 
honeycomb monoliths developed for the catalytic control 
of exhaust gases. These previously reported catalytic data 
for CO oxidation over Pd-SnO, were obtained using 
anhydrous feed gases, and here we report the effects of 
adding water vapour, 

Samples of 1.8% Pd on SnO; and 5.8% Pd on SiO. were 
prepared by non-exhaustive ion-exchange sorption, from 
Pd(NH;)* solution, on to 36-72 B.S.S. mesh SnO; (ref. 4) 
and SiO, (BDH, pretreated with 1M HNO; and ex- 
haustively washed with water) gels respectively. Thermal 
activation (5 h at 450 °C in air) and reduction (2 h at 150°C 
in 30% CO in Ar) were carried out in the catalytic 
reactors using anhydrous gases. Specific surface areas after 
this treatment were 40, 70 and 230 m’g™ for SnO, 
Pd-SnO; and Pd-SiO. catalysts respectively. With the 
exception of the CO-O: reaction over Pd-SnOQ, which, 
because of the low weight required was performed at 60 °C 
in a 2-mm internal diameter stainless steel U-tube, the 
previously described* glass reactor assembly was used. 
Water vapour of various concentrations was admitted to 
the feed gases by: bubbling through HSO, solutions of 
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known concentrations. Gas chromatographic analyses of 
the products of the CO-O, and CO-NO reactions have: 
been described (refs 5 and 6 respectively). Catalytic rate- 
data for the CO-O, reaction are quoted in terms of CO 
conversion for a feed of 5% CO in air at 100 cm’ min”, 
and those for the CO-NO reaction in terms of NO con- 
version (both to N:O and to N:) for a feed of 14% NO 
in CO at 30cm‘ min”. 

Typical steady-state (16h) conversions for the CO-Oy. 
reaction over the Pd-SnO; catalyst (0.25 g) at 60°C using - 
anhydrous feed gases gave values ranging from 0.7 to’ 
1.2% CO oxidation (four experiments). Introduction of 
water vapour at a partial pressure of 22mm Hg caused, 
after a 4-h conditioning period, an increase in conversion’. 
to 10-13%, and this remained constant over a further 
24h period. This order-of-magnitude increase was essen- 
tially independent of the water concentration within the 
partial pressure range of at least 5-22 mm Hg. At pH:O 
<1 mm Hg the enhancement in activity was less than that 
at higher pressures, but even at pH:O = 0.1 mm Hg the 
steady-state activity was still a factor of about 5 higher 
than the ‘anhydrous’ rate. Water vapour partial pressures 
above 22 mm Hg were not investigated because of problems 
of condensation in the apparatus. The effect of removal 
of water from the feed gases was to cause only a very 
slow return to the ‘anhydrous’ rate. For example, in an 
experiment in which the ‘anhydrous’ and ‘wet’? CO 
oxidations were 0.7 and 11.7% respectively, removal ‘of 
the water vapour for 16h only decreased the conversion 
to 3.1%. This slow reversibility is presumably attributable 
to the low rate of dehydration/dehydroxylation of the 
hydrated surface (see below) at 60 °C. 

In contrast to these findings, the steady-state CO 
oxidation activity of SnO, at 170°C was found to be 
totally destroyed, and that of the 5.8% Pd-SiO, at 140°C 
reduced by a factor of >0.2, by the introduction of 22 mm 
Hg water vapour pressure to the gas feeds. 

The presence of water vapour also caused a comparable 
enhancement in activity for the CO-NO reaction over a 
1.0g bed of the Pd-SnO: catalyst at 130°C. A steady-state 
(16h) ‘anhydrous’ NO conversion of 0% to N: and 32% 
to N:O was, after the introduction of water vapour at 
22 mm Hg partial pressure followed by a 4-h conditioning 
period, increased to 34% to Ne and 51% to N:O. This 
increased activity remained constant over a further 24h 
period although, in contrast to the CO-—O, reaction at 60 °C, 
removal of the water vapour resulted in a much more 
rapid (<16h) return to the ‘anhydrous’ rate. This is 
presumably attributable to a more rapid dehydration/ 
dehydroxylation of the hydrated SnO, surface at the 
higher temperature. In the case of the CO-NO reaction 
it is apparent that, not only does water vapour increase 
the overall reaction rate, but it also influences the 
selectivity towards the preferred (from the pollution 
control viewpoint) complete reduction of the NO to Ne. 

Previous investigations into the CO-O, reaction over 
Pd-SnO, have shown strong evidence that the synergistic 
catalytic effect is attributable to spillover of CO in an 
activated form from the Pd to the SnO: surface’. The 
results presented here suggest that the role of the water 
vapour is to increase this spillover rate, as the actual 
catalytic oxidation rates over both pure SnO: and over Pd 
supported on an ‘inert’ oxide are decreased by the presence 
of water vapour. A probable explanation for this effect 
is that water molecules produce hydroxylated sites on the 
SnO; surface which act as chemical bridges to assist 
spillover of the Pd-activated CO. It has been observed 
that adsorbed proton acceptors (reported water and 
alkanols) can assist spillover of activated hydrogen from 
precious metals on to oxides’. But, the mechanism of 
Pd-activation of CO before its spillover is not yet clear. 
In the case of hydrogen spillover the activation process 


586 


can be readily explained in terms of dissociative chemi- 
sorption to produce hydrogen atoms. Even if dissociation 
were to occur during CO adsorption on Pd, which is 
unlikely on the basis of current evidence’, it is difficult 
to envisage how this process could explain the above 
observations. 
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Windscale effluent in the 
waters and sediments of the Minch 


A SYSTEMATIC intrusion of water of high '*°Cs content into the 
north-eastern North Sea has been reported by the German 
Hydrographic Office!. Jefferies er al.? later confirmed that a stream 
of water rich in radioactive caesium from Windscale passes 
northwards through the Hebridean Channel, around the north of 
Scotland and into the North Sea, Although the circulation pattern 
with respect to 1° Cs has been significantly refined in recent 
reports* and from German data for 1978 (ref. 4) and 1976 
(Kautsky. personal communication) little attention has been paid 
to the status of other radionuclides in this stream. Such a study 
offers, however, an excellent opportunity of looking at the 
geochemical discrimination between, for example. '*"Cs and the 
transuranic -emitting nuclides: it seemed also that an exam- 
ination of the changes of the ratio of '*4Cs to '2°Cs during this 
passage would give a good basis for estimation of the travel time. 
Asa part of the Flex Programme (Fladen Ground Experiment— 
part of Jonsdap 76 international programme on the interplay of 
environment anda plankton bloom)inthe North Sea in May-June 
1976. we collected a series of sediment. water and biota samples for 
that purpose. We report here our analyses of samples from a large- 
volume water station and a 21-cm diameter sediment core taken in 
the Minch. 27 May 1976. 

Our sampling procedures are described elsewhere*? as are our 
analytical procedures, and their performance in a variety of IA EA- 
or NBS-organised intercomparison exercises “'°. Table | shows 
the nuclide analyses so far completed on 55-litre unfiltered water 
samples from four different depths. together with comparable 
analyses of alternate sections of the sediment core taken at the 
same time. For water column and sediment. the inventory inferred 
for each nuclide from the data presented. and the mean ratios of 
selected nuclide pairs are shown, 

It should be noted that both water and sediment collected 
anywhere in the oceans today may be expected to contain '7"Cs. 
739.240 Ppu, 735 Pu or 7+! Am. as a result of their dissemination in 
world-wide fallout. The analysis of these nuclides and the use of 
their distributions to infer rates of marine processes are major 
activities of our laboratory! ''?.'74+Cs, however. was only a trivial 
component of world-wide fallout. about 0.25 x 10° Ci produced! *, 
mostly before 1988. compared with 34 x 10° Ci '7°Cs!*. The '3Cs 
presentinenvironmental samplescollected since 1970iscertainly to 
be attributed to some aspect of the nuclear fuel cycle. In the case of 
other nuclides. similar inferences can be drawn either from their 
presence inamounts far exceeding those to beex pected from fallout 
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delivery measurements. or from departures in their relative 
proportions from the ratios found in fallout. 

The data tabulated indicate Windscale effluent as the pre- 
ponderant source of the nuclides in the water column and as a 
major contributor of those in the sediment. This is shown by the 
large amounts of '*4Cs, and by its ratio to '* Cs: recent data 
referring to this phenomenon at Windscale have not been pub- 
lished, but the ratio '*4Cs to °% Cs approximated 0.23 in 1970°, 
0.18in 19717.0.17in 19727, 0.19in 1973'*_0.24in 197443 and 0.18in 
19753, 

Comparison of the water and sediment inventories of '7"Cs. 
“°Sr and 73°-7*°Pu in the Minch location (Table 2) with delivery 
estimates from fallout at this latitude’? strongly support the 
Windscale conclusion in respect of the source ofa major fraction of 
these inventories. A similar conclusion is reached from com- 
parison of the water ratios }7°Cs/?°Sr and 738Pus?73°?4°Pu with 
those to be expected at that latitude from fallout. The 
*38py/23°-24°Ry ratio of 0.14 is understandable in terms of the 
reported discharge value from Windscale of about 0.2 for 1971-73 
(ref. 17). 

Accepting that the major source of the nuclides measured was 
the Windscale effluent. a variety of hydrographic and geochemical 
conclusions can be argued. First. from the change in ratio '*4+Cs to 
'3"Cs in the water. travel time from the Irish Sea can be estimated . 
'34Cs has a half life of 2.06 yr compared with 30.1 yr for '?"Cs. 
Making the assumption that the two caesium isotopes are not 
discriminated in ocean circulation. and less satisfactorily that a 
ratio of 0.24 characterised the source term. then from the ratio 
0.144 observed at the Minch it is concluded that the travel time 
from the Windscale pipeline to the Minch was about 1.6 yr. If 
source term ratio had been closer to 0.18, as might be argued from 
other data™?. then a travel time closer to 0.7 yr would be 
concluded. Neither calculation is at first sight compatible with the 
very slow passage times that were suggested by Jefferies ev u/.? for 
transit from Windscale to the North Channel. An appreciable 
fraction of the total travel time may have been spent in the Irish 
Sea. and this is. in fact. indicated by the mean ratio 0.20 reported? 
in plaice and Nephrops from the northern Irish Sea in 1974. In the 
Irish Sea. reduction of the '**+Cs to '2°Cs ratio by mixing with 
older. lower ratio water from Windscale could be significant, 
especially considering the ratios reported for 1971-1973 releases: 
reduction by mixing with fallout '*"Cs free of '°+Cs is suggested to 
be insignificant by the expected fallout °° Cs concentration in 
coastal water, about 0.2 pCi } ~ ' at most by 1973-1974"! and little 
more than 0.1 by 1976 (Kautsky. unpublished). 

The most likely solution to the dilemma caused by the different 
transit times derived from this and from Jefferies’ work? is that we 
are seeing the net effect of two (at least) processes. First, the mixing 
process within the Irish Sea and. second. the outflow from the Irish 
Sea into the coastal current travelling northwards parallel to the 
west coast of Scotland. The first process may be very much slower 
than the second so that the net effect may be controlled more by the 
mixing times within the Irish Sea. Additional support for this two- 
component process comes from comparison of our 1° Cs con- 
centrations in the Minch in May 1976 with the values about 

5 pCi kg”! for July 1974*. Our values of 4.7-6.5 pCi kg” ' are 
not significantly different from the values measured 1.8 yr earlier. 
As these show little difference. it is arguable that May 1976 samples 
from the Minch have not begun to be affected by the rise in 
Windscale |? Cs discharge described by Hetherington? in 1974. So 
anet transit time of 2 yrcould be composed ofa term of 1.8 yrinthe 
Irish Sea and 0.2 yr in the coastal current between North Channel 
and the Minch. Additional evidence that the coastal current 
labelled with radionuclides originating from Windscale is moving 
rapidly. comes from preliminary measurements of the '74Cs.'*"Cs 
ratio in water, alsocollected in May 1976. in the North Sea between 
Scotland and Norway. At this location (58 25.5°N. 0 03.4E). the 
measured ratio of 0.14 is indistinguishable from the ratios 
measured in the Minch. 

Second. from comparison of the inventory of radiocaesium in 
the sediments of the Minch against the estimated total delivered to 
the area, with the same relation in respect to fallout. some 
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Table | Radionuclide analyses of water and sediment from the Minch 





Water station 


RV Knorr cruise 54 Leg 6 Station 84: 27 May 1976 at 58 14.6'N:05 49.5°W 





Sample depth D acy “OS rt 239.240Dyt 238 Put Ams 
(m) (pci i>?) (pci t’) (pci i>!) (fCi 17t) cit) (Ci 17 
Surface 6.13 +0.03 0.88 +0.05 0.998 + 0.009 2.6+0.2 0.28 + 0.09 0.32 +0.09 
30 6.52 +0.05 0.92 +0.04 1.00 +0.02 2.64+0.1 0.41 +0.05 0.09 +0.09 
60 5.84 +0.04 0.86 +0.02 0.923 +0.009 2.6+0.2 0.46 +0.09 0.46 +0.09 
90 4.66 -+0.04 0.66 +0.01 0.793 +0.023 2.2+0.1 0.28 +0.05 0.32 40,09 
Water depth 
(100 m) 
Water column 
inventory 5i 
(mCi km™?) 579 83.1 92.5 0.25 0.038 0.029 
Mean nuclide 
activity ratios LCs: SCs 0.144: 177 Cs:°°Sr, 6.2; 288 Pu 239249 P uy, 0.14: 24 Am 2239-249, 0.12 
RV Knorr cruise 54 Leg 6 CORE 46: 27 May 1976 at 58 06. N :05° 51.0'W 
Sediment core 
Sediment section ed Os 134g 249.240py *38py Ams 
(cm) (pCi kg” ') (pCikg™') (pCi kg™') (pCi kg~') (pCi kg*') 
0-] 748 +18 65+ 3741.6 3.4+0.3 12.5 £0.5 
2-3 5369 44+2 3141 2.8+0.2 
4-6 Si8+14 3047 athe 1.7+0.2 
8-10 23249 26+5 7+0.9 0.65 +0.09 
2-14 8644 1743.3 $7503 0.30 +0.05 
16-18 0.4+0.5 0.06 +0.02 
Water depth 
Selm) 
Sediment column 
inventory: 
(mCikm™?) 55.3 4.09 3.1 0.21 
“Mean nuclide 


activity ratios 134C5:137Cs, 0.074: Py :77240Pu, 0.069 





Where values are not given theanalyses are incomplete. 

*By Ge (Li) y spectrometry after radiochemical separation. 
+By anticoincidence f counting after radiochemical separation. 
{By «spectrometry after radiochemical separation. 


§By x spectrometry after radiochemical separation ; curium isotopes accompany Am in our procedure. No 42m was observed, and ?**Cm was present 
only in the amount (about: count per day) added as an impurity in our 7*°Am yield monitor. 


conclusions can be drawn about the geochemical behaviour of 
Windscale radiocaesium. Noshkin and Bowen'® reported about 
7% of fallout '3°Cs delivery was found in very shallow-water 
sediments of Buzzards Bay: using more recent data to interpolate 
between Buzzards Bay and the 200-m cores from slightly further 
north, one might predict only 5-6% of fallout in sediment cores 
under 100 m of water. 

Estimating the Windscale-derived delivery of Cs nuclides to the 
Minch is difficult at best. and made even more so by the fact that 
Windscale release data for '?"Cs have been published only for the 
years 1957-67'* and 1972-73'". Using the data available. and 
extrapolating to estimate an annual average. '*’Cs release of 
15,000 Ci for 1968-71, yields a release estimate, through 1973. of 
156kCi, which, divided by the area of the Irish Sea (after 
Hetherington! ’). corresponds to a '3"Cs delivery of 6.2 Ci km~ ?. 
The fraction of Windscale '*’Cs reaching the Minch can be 
estimated by comparing the water column inventory (or the total 
inventory. water plus sediment) in Table | (579 or 634 mCi km~?) 
with the mean Area A water column inventory of 2.40 Ci km“? in 
1974'*. This comparison is consistent with the 2 yr travel time. 
from Windscale to the Minch, that we inferred above from the 
DACs to !°°Cs ratio and '?"Cs concentration data. If the shorter, 
0.7 yr. travel ime were correct, then the inventory for comparison 
should be that. in the Irish Sea, of late 1975, requiring use of data 


not yet available. One arrives, therefore, at the conclusion that the 
Minch ‘sees’ about 25% of the '*’Cs delivered by Windscale to the 
Irish Sea, and this should have represented, by 1976, at least 
1,550 mCi km~? '3’Cs delivery to the Minch, and possibly more. 
The 3.5%, or less, of the inferred Minch delivery of '°’Cs found in 
the sediments may differ significantly from the 5-6% predicted for 
fallout '7’Cs, but we do not believe that the quality of the 
estimated values justifies this conclusion. If we were to take it 
seriously, we would argue that it shows either a systematic 
difference in properties of the Minch sediments, or the effect of 
isotope exchange at the much higher '*’Csspecific activities found 
in Windscale efluent. Certainly the observations do not suggest 
the Windscale caesium as either more or less reactive than that 
from fallout. 

Third, from comparison of the ratio of the water column 
inventories of '37Cs and 73°-74°Pu with their ratio in the north- 
eastern Irish Sea conclusions can be drawn about the long-range 
trajectory of Windscale plutonium in British coastal waters. 
Calculated inventories of soluble 77°-?4°Pu, and of '?’Cs, in the 
waters of the Irish Sea are available’ for both 1973 and 1974. From 
these it seems the mean ratio 73°-?4°Pu to 137Cs in July 1974 was 
0.094%. This figure is probably representative of the Irish Sea ratio 
at this time as it was shown not to vary between points within 
10 km of the Windscale outfall and points 75-100 km from the 





Table 2, Comparison of Minch nuclide inventories and ratios with fallout 





Inventories 
Gi) 


ECs 
(mCi km~?) 
Water = 93 
Water plus 
sediment 630 
Fallout 80 55 


. 7 Ratios : 
239.240py 137Cg 99g, 238 py 234-240 py 
= 6.2 0.14 
3.3 
LS 1.0 0.04 
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outfall. It differs significantly from the ratio, 0.043". observed in 
1976 in the water column of the Minch. If the 1976 Minch water 
was the same water mass as characterised the Irish Sea in July 1974. 
one could conclude from the 7°°"4°Pu/'3"Cs ratio change that 
only 46°, of the soluble plutonium that was associated with the 
'3"Cs transported by the coastal current. survived the passage to 
the Minch. This conclusion, that rather less than half as much of 
the soluble plutonium avoids sediment uptake during transit from 
the Irish Sea to the Minch. implies that Windscale ‘soluble’ 
plutonium is only partly qualitatively similar !* to '3"Cs. That the 
details of the separation of these two species may be of predictive 
importance is indicated by our preliminary data concerning 
sediments from the Flex area. of the North Sea. where 72°Pu to 
73% 2140 Pu ratios, as do those of '*4Cs to '3°Cs. indicate significant 
delivery of Windscale radionuclides. 

Fourth, from comparison of the ratio of + Am to 73°-74°Pu 
observed in the Minch. against that reported in releases from 
Windscale!*, some conclusions can be drawn about the relative 
mobilities of these two transuranium elements in marine coastal 
waters. Hetherington er a/.'*® have reported the mean ratio t! Am 
to 77523240 Pu in Windscale releases to have been 2.56 in 1974. 
1.66 in 1973 and 1.40 in 1972: it has also been reported!” that there 
were very wide fluctuations in this ratio. month to month, in 1974 
releases. The mean ratio observed in the water of the Minch. 0.12. 
confirms that a very much greater proportion of 7+!Am than of 





plutonium is immobilised during travel in the coastal current. A . 


similar conclusion can be drawn from the low 7+ Am.74977°Pu 
ratios recently reported by Murray? in seawater collected in 1975 
from around the Orkney Islands. Although reports have con- 
sistently shown? "> high ratios of 74+! Am to plutonium in attached 
algae like Porphyra, itis likely that the major process immobilising 
741 Am is association with sediments. This is indicated by the ratio 
of 0.33 observed in the surface sediments of the Minch. compared 
with the 0.12 observed in the overlying water. Some of the difference 
in the two ratios may be attributed to ingrowth of 74!Am from its 
parent `+ Pu (as discussed in refs 18. 20) but we believe most of the 
effect should be attributed to separation of americium and 
plutonium in the water column. We have described elsewhere?! 
differential behaviour ofamericium against plutonium from fallout 
in oceanic water columns. We submit that Hetherington er a/.'* 
were unable tosee thisdifferential behaviour inthe Irish Sea because 
ofthe fluctuations in supply ratio. and because trajectories were too 
short for the differences to be easily measurable. 

Analyses of long-lived radionuclides in a water station and 
sediment core from the Minch have. therefore. confirmed the 
presence of Windscale-produced °°Sr. '*4Cs. UCs. 738Pu, 
249-249 and 7*!Am. Careful examination of the evidence 
for changes in the various ratios of these nuclides from those 
reported in the Windscale release stream has also (1) supported an 
improved estimate of the northward rate of movement of these 
nuclides in the coastal current: (2) confirmed that Windscale 
caesium behaves biogeochemically about as does that from 
fallout: (3) indicated that the soluble fraction of Windscale 
plutonium may qualitatively behave like 1° Cs, but that only some 
fraction of it survives travel to the Minch. relative to '*°Cs. The 
size of this fraction. put at about one-half from these measure- 
ments. and its possible variation in space and time should be 
determined: (4) demonstrated a large differential in the behaviour 
oftl Amand 7?°-74"Pu, in thatamericum seems to sediment out of 
the coastal current even sooner than does plutonium after 
introduction from Windscale. 

This work has been supported by the US Energy Research and 
Development Administration. We thank our co-workers for help 
in sample collection and in radiochemistry. 
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Surge activity on the Barnes Ice Cap 


THERE are conflicting opinions! on the occurrence of surges in 
the major ice sheets, deduced in many cases by indirect means. 
Where an ice sheet surges directly into the ocean, sea-level rise 
may be catastrophic. Surges in ice sheets may help to explain 
the apparent difficulties of accounting for the magnitudes of the 
decay rates deduced for the Laurentide Ice Sheet in terms of 
energy requirements for melting ice. That is, large areas of that 
ice sheet became much thinner than was supposed, a suggestion 
made on the basis of marine core evidence’. Pure computer 
simulations have shown that cyclic surging of the major ice 
sheets seems to be possible. This report shows that several 
surges have occurred within the last millennium on the Barnes 
Ice Cap, a small subpolar ice sheet on Baffin Island, Canada 
(Fig. 1). 

This ice cap is a remnant of the North American Laurentide 
Ice Sheet. Surge scars on the ice cap have been tentatively 
identified'? and one surge area was subsequently documented in 
some detail'*. Now, five distinct surge scars of different ages 
have been identified with the help of Landsat imagery (Fig. 2). 
The scars all lie on the south-west side of the ice cap, which is 
thought to be significant because the south-west margin of the 
ice cap is, on average, 130 m lower in altitude than the north-east 
margin and because the orientation of the axis of the ice cap 
causes about 5°% more direct. solar radiation to be received on 
the south-west facing slopes''. Therefore, the average bulk 
temperature of the ice on the south-west side should be higher 
than that of the north-east side. The attainment of basal 
conditions favourable to surges should thus be expected first on 
the south-west side. 

Except where immediately adjacent to proglacial lakes, the ice 
margin is frozen to the bed!>'*, Measurements (D. F. Classen, 
unpublished) indicate that ice at the pressure melting point 
exists at the base in the interior (Fig. 3) and approximate 
calculations’? indicate that this condition could be widespread. 
Horizontal velocity measurements (Fig. 3) tend to confirm this 
deduction since considerable basal sliding must be present. 

Conn and Bieler Lakes are evidently formed as a result of the 
ice cap obstructing water flow along the natural slope of land. 
Generator and Blanchfield lakes have been formed by relatively 
recent surge ice which has interfered with previous drainage 
away from the ice cap. The presence of these lakes tends to 
accelerate ice flows at the margins’? compared with locations 
without lakes!®'7. Thus, part of surge areas numbers I and 3 
may be suffering delayed ‘recoveries’ because of the proglacial 
lakes. 

The general features of the surge scars are: (1) the presence 
of third and occasionally fourth order meltwater channels. 
These occur within the large surface depressions characterised 
by highly irregular topography not related to bedrock 
topography. The depressions displace the ice divide, and the 
corresponding bulged margins often extend well beyond the 
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Barnes ice cap 
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Fig. 1 Map of Barnes Ice Cap showing locations of former ice 

surges. Inset of south dome area shows location of transect along 

which data are presented in Fig. 3. Note moraine ridges (MW, 

M2, OM) associated with surge area no. 2. MI marks recent 
moraine adjacent to surge area no. 1. 


average line of the ice edge (Fig. 2). (2) Irregular foliation, 
defined by alternate dark- and light-banded ice (Fig. 2) is 
developed near the margins" and indicates the presence of large 
shear strains. Measurements" in non-surged areas show that the 
horizontal component of the ice flow vector is roughly parallel 
to the maximum principal strain rate direction (implying small 
shear strains) whereas within surge area no. |, divergence 
between these quantities reaches 40 (G.H., unpublished). 
(3) Lakes occur on the ice surface due to trapping of meltwater 
in local depressions. While many of these lakes are visible on 
1961 aerial photographs, some are visible on Landsat imagery 





Fig. 2 Landsat image of Barnes Ice Cap (Channel 7, August 1974) 

showing surge scars. Surge areas | and 2 are partly obscured by 

cloud. Note evidence of intense shear strain in lower part of surge 

area no. 3 where ice is banded and the existence of lakes in surge 

area no. 5 (dark patches). The crown of the ice cap is covered by 

snow (white area) and meltwater streams cause the streak 
patterns. 
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(Fig. 2). Several moulins traversing cold ice are present at the 
margins. (4) Major streams, which flow west from the ice cap, 
can all be traced to the major surge areas (Fig. 1). (5) Moraines 
adjacent to the surge lobes tend to be well developed particularly 
when the surge is recent, since the moraines initially contain a 
substantial ice core. Also, recently overridden and pushed 
sediments may be seen near SS in Fig. 1. [ce depth soundings 
(J. W. Clough, unpublished and refs 18, 19) in surge zones 1, 


Average ice balance (1970-76) 
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Fig. 3 Cross section through south dome from north-east to south 
(see Fig. 1) showing ice thickness, temperature, surface flow rates 
and net mass balance. Note relative irregularity of measured 
quantities on south (surge) section compared with the same 
quantities on the north-east section. PP, present profile; PPP, 
postulated pre-surge profile. Isotherms are shown in short-dashed 
lines where values have been estimated and long-dashed lines 
where measurements have been obtained. 


2 and 3 show that there, the surface profile does not owe its 
shape to the basal topography in terms of standard flow theory®. 
These profiles cannot be fitted to established equilibrium ice-cap 
profiles® whereas the contiguous profiles on the north-east side 
can!*-17_ Profile PP (Fig. 3) is taken through O-N and O-SS- 
flowlines (Fig. 1). Plotted isotherms are based on measured 
values and approximate computation". As this is not a steady 
state situation, the correct solution can only be found by 
successfully modelling the complete surge or by total measure- 
ment. Nevertheless, at least some, and possibly a substantial part, 
of the base may be at the pressure melting point, switching to 
cold base at about 18 km down flowline O-SS. Profile PPP is an 
hypothetical pre-surge parabolic profile which would seem to 
satisfy mass conservation after allowing for long term mass 
balance. Recent surface net ice balance is also plotted, and 
comparing this with vertical ice flow values (Fig. 3) it can be 
seen that, whereas the north-east side is approximately near 
equilibrium, the south-west side is rapidly wasting. Furthermore, 
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Fig. 4 Cross section through ice cap along two opposing flow 

lines. The south-west flow line is along the centreline of surge area 

no. 3. Coordinates and dimensions for equation developed in the 
text are shown. PP and PPP are as in Fig. 3. 


the wavy character of the vertical ice flow on the south-west side 
indicates a disturbed dynamic flow regime. 

This surge could have occurred as recently as 1927 or just 
before the turn of the century depending on the mass balance?®, 
interpretation of the moraine ages?!, and on the credibility of 
expedition accounts by Innuit from Clyde (Fig. 1). 

Surge no. 2 is associated with a significant frontal moraine 
system (Fig. 1: inset, Fig. 2 and ref. 21) which may be interpreted 
in terms of cyclical surge activity with a period of 300-400 yr, 
spanning a period warmer than today and the ‘Little Ice Age’. 
Morainal geometry indicates that local ice-cap dynamics was 
involved in their formation. The outer moraine curves sharply 
towards the ice cap at the north-west end (MW in Fig. 1: inset); 
at the eastern end (OM) it is truncated by the no. 1 surge lobe. 
The general retreat of the ice margin (M2) after about ap 500 
(J. T. Andrews, personal communication). was punctuated by 
events at ~ AD 900, ~ ap 1200, ~ap 1500 and ~ ab 1900 (or 
contemporaneously with surge no. 1)*'. 

Surge no. 3 may have reached a maximum position in about 
AD 1700 when it caused the formation of Blanchfield Lake in 
a more expanded form!'*. Area no. 4 has similar features to no. 3 
and may be of comparable age whereas area no. 5 may be much 
older. The surface contains low intensity foliation and several 
large lakes. The inferred cyclic surging of diminishing extent 
seen for surge area no. 2 may or may not have been present in 
the other areas, but is a mechanism for maintaining a long-term 
surge scar, 

Study of the surge mechanism is hindered by the lack of data 
that apply before and during the early stages of the surge. But 
it seems reasonable to assume that the mechanism described by 
Schytt?? applies. Figure 4 shows the profile through surge area 
no. 3 (PP). Let the parabolic pre-surge profile PPP be defined by 
ice thickness H(x) and radius R of which only an outer portion 
R-L is frozen to the bedrock. The length L (< R) is supposed to 
grow during a surge build-up. The amount of interior ice at the 
pressure melting point is thought to be controlled by heating of 
the upper surface as a result of superimposed ice build-up at the 
surface over sufficient period of time (10%-104 yr). In this way, 
the onset of surging is related to climate. 

As the water layer, represented by L, spreads, more interior 
ice is able to slide and because of its higher temperature, it will 
creep faster than the cold marginal ice. A predominantly 
mechanical mode of failure of the ice dam may follow when 


H R 
fon. = fons 
o L 


where o,,(z) is the horizontal component of the stress tensor at 
x = L and o,,%(x) is the basal shear stress L<x< R. The 
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catastrophic flow which ensues might best be modelled using the 
finite element method incorporating joint elements (T. Q. 
Nguyen, unpublished). 

A similar process may have occurred in the decaying phases 
of the Laurentide Ice Sheet in which surges have been inferred 
from the geological record*. 
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The rise and fall of intracellular 
pH of sea urchin eggs after fertilisation 


JOHNSON et al.' have reported an increase in the intracellular 
pH of sea urchin eggs, seen between 1 and 4min after 
insemination, that results from the efflux of H* ions from 
the cells. The rise in pH can be induced by artificial 
activators of metabolism such as ammonia, or organic 
amines such as procaine. They have postulated that this 
increase in cellular pH is responsible for the metabolic 
derepression of the eggs and the initiation of embryonic 
development'’. Our interest in the control of the 
initiation of DNA synthesis in these synchronously 
dividing cells’, coupled with their method’ for estimating 
the intracellular pH, led us to attempt to determine if 
fluctuations in pH occur during the cell cycle. Here we 
confirm the important observation of a rise in pH at 
fertilisation, and we report that the rise is soon followed 
by a gradual drop in pH to final values lower than those 
of the unfertilised condition. 

The pH of homogenates of unfertilised sea urchin eggs 
averaged 6.34+0.1 (41 determinations). By 10min after 
insemination the pH rises to ‘an average of 6.76+0.16 
(five determinations, Fig. 1). These values are in close 
agreement with those of 6.48 (unfertilised) and 6.76 
(10 min after insemination) reported by Johnson er al’ 
with the exception that their average difference between 
unfertilised and fertilised of 0.28 is smaller than ours of 
0.43 units. After a peak rise at 10min after insemination 
(Fig. 1), the pH steadily decreases, reaching the value of 
the unfertilised eggs (6.46) by 70 min and attaining a final 
value of 6.18 by 140 min, a value that is maintained to at 
least the 48h, mid-gastrula stage. No correlation of pH 
with stage of the cell cycle was found. Identical results 
were obtained when unfertilised eggs were partheno- 
genetically activated with the Ca’* ionophone A23187 
(ref. 4). It can therefore be concluded that although the 
initial rise in pH may be obligatory to metabolic activation, 
maintenance of elevated intracellular pH is not necessary 
to sustain embryonic development. 

Does measurement of the pH of egg homogenates give 
a valid estimate of intracellular pH? The possibility that 
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Fig. 1... The pH of sea urchin egg homogenates plotted against 
time: after insemination (average of five separate experiments). 
Eggs of Strongylocentrotus purpuratus were stirred in seawater 
(pH 7.8) at 1% (v/v) concentration in a 15 °C room in which all 
media were stored and all pH determinations were accomplished. 
Aliquots of 50 ml of the culture were sedimented in a 50-m! 
conical centrifuge tube by hand centrifugation. The seawater was 
removed and the eggs suspended in 30 ml of bicarbonate-free 
artificial seawater, pH 7.8 (ref. 1). After resedimentation and 
removal of the artificial seawater the eggs were resuspended in 5 ml 
of 0.55 M KCI adjusted to pH_7.0 with HCI and NaOH. The sus- 
pension was transferred to a 20-ml Dounce homogeniser and 10 
passes were made by hand with a tightly fitting Teflon pestle. 
Microscopic examination showed that no intact eggs or egg 
fragments remained. The pH was measured immediately with an 
expanded scale Corning Model 10 pH meter equipped with a 
Thomas 4094-L15 universal combination electrode. The timing of 
the first two. periods of DNA synthesis? is denoted by S on the 
horizontal axis. The protein concentration of the homogenate 
was 11.6 mg ml~!. Homogenates containing one half or twice as 
much protein did not show significant pH differences. 


the rise and fall in pH might not be a true estimate of 
intacellular pH but merely a reflection of compartmenta- 
tion of H* or OH™ ions in organelles such as mitochondria, 
was investigated by destroying all membrane-enclosed 
compartments by homogenisation in 0.5% Triton X-100. 
The results of this experiment (Table 1) show that the 
rise and fall in pH was also obtained in Triton, suggesting 
the method might prove to be valid for estimating total 
cellular pH of these and of other types of cells. 
Fertilisation results in an irreversible activation of 
synchronous cycles. of DNA synthesis and cell division’. 
We previously showed that DNA synthesis in unfertilised 
sea urchin eggs can be reversibly initiated by treatment 
with the local anaesthetic procaine hydrochloride’. If 
procaine is removed when the cells are in mid S phase, 
DNA synthesis abruptly halts. Other workers have shown 
that procaine treatment causes the eflux of H* ions from 
these cells which results in a rise in intracellular pH; that 
is, the weakly basic nature of procaine is not responsible 
for the observed rise in cellular pH“. We wondered if 
the removal of procaine from eggs would result in a 
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Table1 The pH of egg homogenates in 0.55 M KCI containing 0.5% 





Triton X-100 
Time after insemination pH 
(min) 
0 6.39 
10 6.70 
60 6.58 
120 6.43 
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decrease in intracellular pH which might serve, somehow, 
as a switch to turn off DNA synthesis. We repeated our 
earlier experiments of treating unfertilised eggs with 10 mM 
procaine in seawater for 75min, then washing out the 
drug, reculturing in fresh seawater, and determining the 
pH of egg homogenates. On addition of procaine the 
intracellular pH rises sharply and remains high for the 
duration of procaine treatment (Fig. 2)..When procaine 
was washed out and the eggs returned to normal seawater, 
the intracellular pH rapidly dropped to the value of ‘the 
untreated eggs, pH 6.46 (Fig. 2). 

After their peak rise at 10min after insemination, . 
fertilised eggs (Fig. 1) required 60 min to return to their 
unfertilised pH. After procaine removal, . 
unfertilised eggs required only 20min to drop to their. 


original pH (Fig. 2). This difference in rate of pH drop | i 


suggests that different mechanisms may underlie thë fall 
in pH fertilised eggs and in unfertilised eggs recovering 
from procaine treatment. Support for this hypothesis was 
found in experiments in which fertilised eggs and 
procaine-activated eggs were treated with the metabolic 
poison dinitrophenol (DNP). For example, eggs were 
pretreated with DNP 30min before fertilisation or pro- 
caine addition. Because DNP kills sperm, the eggs to. be 
fertilised were washed from DNP into seawater (5 min 
washing time) and sperm immediately added. DNP was 
then added again 2min after insemination. The normal 
rise in pH occurred, peaking at 10min (Fig. 3), but the 
greater part of the subsequent drop in pH did not occur, 
and the cells maintained a pH of 6.65 for the duration of 
the experiment. Identical results were obtained when eggs 
were parthenogenetically activated by the ionophore 
A23187 in the continued presence of DNP. In response 
to procaine, the pH of DNP-treated, unfertilised eggs 
rose to 6.90 and remained at that value until 75 min when 
the procaine was washed out with seawater containing 
DNP. The result was an almost immediate drop in .pH 
back to the original value (Fig. 3). The rise in intracellular 


Fig. 2 Intracellular pH and the addition and removal of pro- 
caine. Procaine hydrochloride (10 mM, Sigma) was added to a 
suspension of unfertilised eggs and a rapid rise in the intracellular 
pH immediately occurred which was sustained for the duration of 
procaine treatment. At 75 min the procaine was removed (arrow) 
and the eggs returned to normal seawater®. There was a rapid fall 
in intracellular pH to the untreated value. To be certain: that 
residual procaine was not influencing the pH of homogenates we 
added 0.5 ml 10 mM procaine to homogenates and found that it 
did not change the observed pH. 
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pH between 0 and 10min after insemination or after 
procaine addition in the presence of DNP is evidence that 
H* ion release from mitochondria is probably not respon- 
sible for excretion of H* from the cells. The subsequent 
fall in pH in fertilised eggs may depend on the synthesis 
of ATP (with the reservation that metabolic inhibitors 
can have nonspecific effects) The drop in pH of the 
unfertilised eggs immediately after procaine removal in 
the presence of DNP shows that in these eggs the drop 
is independent of the production of metabolic energy. 

The normal drop in intracellular pH of fertilised eggs 
(Fig. 1) is the most protracted metabolic change yet 
reported in the metabolic activation of development’, a 
final value not being reached until 140 min after in- 
semination. This is well after the completion of the first 
mitosis and the second S phase’. The period of the pH 
drop corresponds to the period of the activation of the 
transport systems for amino acids’'* and nucleosides*® and 
the increase in the rate of protein synthesis’ in these cells. 
It is tempting to speculate that the development of trans- 
port capabilities might be linked to the lowering of intra- 
cellular pH. In this context, we have reported that the 
transport of thymidine into unfertilised eggs treated with 
procaine is only 2% that of fertilised eggs, whereas DNA 
synthesis in procaine occurs at roughly 50% the rate of 
fertilised eggs’. The high intracellular pH maintained in 
procaine may somehow inhibit the development of the 
transport systems in the cell membranes. 

DNA synthesis is reversibly activated by the addition 
and removal of procaine’. The rapid drop in pH after 
procaine removal and the insensitivity of the drop to 
respiratory poisons such at DNP show that procaine may 
activate DNA synthesis by a different mechanism than 
does fertilisation. Amphipathic drugs such as procaine are 
thought to affect cells by intercalating into the lipid bilayers 
of the cell membrane. This can cause the expansion of 
the membrane which may result in a change in its 
permeability characteristics’’. Procaine may open channels 
for H* ion excretion which would result in an elevation 


Fig. 3 Effect of dinitrophenol on the fall in pH of fertilised eggs 
and procaine-activated eggs. Unfertilised eggs were treated for 
30 min with 2.5 » 10°'M DNP in seawater, Eggs to be fertilised 
were quickly washed from DNP into seawater (the wash required 
5 min), sperm was added and 2 min later DNP was reintroduced. 
The normal rise in pH occurred but the subsequent drop in pH was 
blocked. Procaine was added directly to the DNP-treated unferti- 
lised eggs and the elevation of pH immediately occurred. At 75 min 
the procaine was washed out with seawater containing DNP. The 
intracellular pH rapidly dropped to the value close to that of 
untreated eggs. @. Fertilised eggs; ^., procaine-treated unferti- 
lised eggs. 
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of the intracellular pH. After removal of procaine from 
the external medium, procaine loss from the membrane 
may re-establish normal permeability, thus allowing the 
cells to return to a lower pH. The rise and fall in pH on 
the addition and removal of procaine correlates well with 
the turning on and turning off of DNA synthesis’ 
indicating that, in these conditions of artificial activation, 
the control of DNA synthesis may indeed be linked to 
changes in intracellular pH. 

We thank David W. Deamer and Robert J. Gillies for 
helpful discussions. This work was supported by the 
USNIH. 

Note added in proof: Nishioka and Epel using the homo- 
genisation method, and Shen and Steinhardt using pH 
microelectrodes have confirmed the transient rise in pH of 
sea urchin eggs after fertilisation. The pH values obtained 
by both these groups are slightly higher than those we 
report here. 
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Calcium uptake during mitosis in 
the myxomycete Physarum polycephalum 


THE notion that Ca?* is involved in the regulation of the kinetic 
and contractile events associated with mitosis in eukaryotic 
cells is attractive. The contractile proteins, actin and myosin, 
have been identified in nuclei of Physarum polycephalum and 
their interaction is apparently regulated by Ca?+ (ref. 2). 
The formation of spindle microtubules may also be sensitive to 
Ca?’ (ref. 3), although as yet there is little evidence of Ca?+ 
fluctuations during mitosis. Macroplasmodia of the myxo- 
mycete P. polycephalum are particularly suited to the analysis of 
events during the cell cycle and mitosis. Synchronous mitoses 
of large numbers of nuclei proceed against a lowered back- 
ground of contractile events in the surrounding cytoplasm as 
cytokinesis does not occur and cyclosis or cytoplasmic stream- 
ing slows or ceases during the mitotic period’, Extranuclear 
filaments form in telophase®, presumably to participate in 
nuclear division, but earlier nuclear mitotic events should be 
amplified. We present evidence here that cyclic uptake and 
release of Ca?* from the extracellular medium occurs during 
mitosis in P. polycephalum, and that these fluctuations correlate 
with specific structural and kinetic events in the mitotic nuclei. 

Plasmodial Ca** uptake was monitored by adding *#Ca?+ 
to the medium, removing samples of plasmodia at 1-min 
intervals and assaying the radioactivity accumulated. During 
the interphase period before mitosis, a rapid and regular cyclic 
uptake and release of *Ca** is seen (Fig. 1). The frequency of 
this process is similar to oscillations in light absorption 
measured in a small plasmodial segment (Fig. 1 inset) which 
Sachsenmaier er al.* correlated with shuttle streaming. Similar 
observations on cyclical variation in free cytoplasmic Ca?+ 
concentrations during shuttle streaming in Physarum have been 
made by Ridgway and Durham. During mitosis a different 
pattern of Ca** uptake is observed (Fig. 1). Although some 
fluctuations in uptake still occur, the regular periodicity detected 
in interphase is not apparent. In metaphase there is an outflow 
of more than half of the *Ca?* accumulated during prophase 
and uptake is substantially reduced for 3-4 min. During 
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Fig. 1 Time course of *Ca** uptake during interphase and 
mitosis. Macroplasmodia were initiated and cultivated® on filter 
paper disks at 25 C using a semi-defined medium’ (EDTA, 
thiamine and biotin were omitted, CaCl, was increased to 
§.2mM, and 0.15%, yeast extract was included). Transition 
through the cell cycle was monitored by smearing small fragments 
in 50% glycerol-ethanol and examining by phase contrast 
microscopy. *Ca?* (final concentration 2 Ci mi~) was added 
(at ‘zero’ time) to the growth medium of a macroplasmodium 
either during interphase before the third mitosis (a) or shortly 
before it entered the third mitosis (b). *Ca‘* uptake was mea- 
sured by excising small pieces of plasmodium at intervals after 
%Ca** addition, washing twice by immersion for 10s in medium 
containing a 10-fold excess of unlabelled Ca’, then rinsing 
briefly in distilled water to remove traces of the medium. The 
plasmodium was scraped from the filter paper and homogenised 
in | ml of distilled water. Aliquots were taken for liquid scintil- 
lation counting and protein assay*. The scales are different 
for the ordinate of the two traces as Ca accumulation fluctuates 
more intensively during interphase. P designates prophase; 
M, metaphase; and A anaphase as observed by microscopy’. 

The inset shows a tracing of the pattern of Æ sx» changes observed 
in a Varian 635 spectrophotometer when light is directed through 
a small region of plasmodium growing on an agar-coated piece of 
Perspex, following the method of Sachsenmaier er al*. The 
maximum absorbance change in peaks represents 0.05 units. 


anaphase, a large overall accumulation of Ca** once again 
takes place. 

The correlation between Ca?* uptake and mitotic phases is 
clearer when 5-min pulses with Ca are monitored. The 
results of three such experiments are shown in Fig. 2 and similar 
patterns were obtained in seven other experiments. Such 
reproducible cycles in Ca?* uptake were not as evident when 
the pulse time was shortened to 3 or lengthened to 7.5 min. 
Peaks in Ca?* uptake are found to coincide with prophase and 
anaphase while uptake is low during metaphase. The time 
course of Ca?* uptake during metaphase (Fig. 2 inset) indicates 
that in the 5-min pulse period, Ca” is initially taken up but 
is then released back into the medium; in prophase and ana- 
phase, by contrast, uptake is continuous and approximately 
linear with time. Uptake of Ca?* during interphase is more 
irregular as the initial 5-min period in Fig. | indicates. 

The large amplitude cycles of *Ca* uptake are not reflected 
in fluctuations in the total amount of Ca?* present in the 
plasmodia. Samples taken during mitosis gave a range of 
values from 233 to 254 nmol Ca?* per mg protein when measured 
by atomic absorption spectroscopy, showing no correlation 
with the pulse experiments. These results show that the cyclical 
uptake of Ca?* during mitosis may be into particular pool(s) 
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within the plasmodium, rather than being due to generalised up- 
take and release of a large fraction of cellular Ca?* and that this 
pool is not in equilibrium with the major pool of Ca?* present 
in the plasmodium. Although mitochondria!', cytoplasmic 
vesicles!?, and endoplasmic reticulum’? have been identified as 
sites for Ca?* sequestration in Physarum, we have not so far 
been able to identify a specific ‘mitotic’ pool of Ca?* in nuclei, 
mitochondria or other particulate fractions of the protoplasm. 

We have found that Ca?* influx in microplasmodia is largely 
energy dependent, while efflux is stimulated by KCN. A similar 
response is observed in the yeast Schizosaccaromyces pombe”. 
To determine whether the fluctuations observed in Ca?* uptake 
during mitosis are related to variations in respiratory energy 
supply, oxygen uptake rates during mitosis were examined. 
The pattern observed (Fig. 3) is almost identical to that for 
Ca?* uptake. If the 5-min pulse period for Ca?~ uptake is 
taken into account, the coincidence of the curves could indicate 
that the changes in O, uptake precede those in Ca?* uptake. 
Whether this relationship is a direct consequence of mito- 
chondrial Ca?* uptake or is related to respiratory energy 
production is not certain although the effect of caffeine on the 
motility of plasmodial fragments’ suggests that a caffeine- 
sensitive reticulum system is involved in protoplasmic motility. 
Energy-dependent uptake of Ca** could involve an active 
transport system in the plasma membrane, energy-linked 
endocytosis, or Ca?* sequestration by intracellular organelles, 
all of which may depend on respiratory energy. 

How might the movement of Ca? into and out of Physarum 
plasmodia be related to the events of mitosis? In heart and: 
smooth muscle cells, an influx of external Ca?* is believed to 
trigger a release of Ca?* from intracellular stores'*. In sea-urchin 
eggs, a vesicular system associated with the mitotic apparatus 
may regulate the local concentration of Ca?* ions!’. It is thus 
possible that the prophase and anaphase peaks of Ca?* uptake 
we observe trigger Ca** release in or near nuclei, thus initiating 
or in some other way regulating chromosomal movement. 
During metaphase, when microtubules proliferate and chrom- 
osomal movements temporarily cease, a lower rate of influx of 


Fig. 2 Uptake of Ca?* during mitosis in P. polycephalum. 
During the third synchronous mitosis (24-26 h after initiation), 
sectors of plasmodium on filter paper (approximately 1 x2 cm) 
were removed and placed on a 200-ul drop of medium containing 
%Ca?* (2 pCi mi~?) at the times indicated. After incubation for 
5 min at 25 `C the sector was treated as described in Fig. | and 
assayed for radioactivity and protein. a, °Ca** uptake observed 
in three separate experiments (W, @, ©) during mitosis. b, Time 
course of ’Ca?* uptake over the 5-min pulse period during 
prophase (@), metaphase (©), and anaphase (WD. Uptake 
over 5 min during interphase is shown in Fig. la. The time 


course of uptake was reproducible for each phase of the mitotic 

cycle in three experiments, although data is given here for a 

single experiment. The zero points for calcium uptake in (b) 

represent the times when the segments were placed on labelled 
medium. 
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Fig. 3 Comparison of oxygen and *Ca** uptake during mitosis. 
Segments of plasmodium (approximately t cm?) were excised 
from a macroplasmodium during mitosis and the plasmodial 
segment was removed from its filter paper support by immersing 
in growth medium and gently prising it free. Oxygen uptake 
(©) was measured in a Gilson oxygraph with a Clark-type 
oxygen electrode by placing the plasmodial piece in 3m! of 
respiration buffer containing 350mM mannitol and 10mM 
MES buffer at pH 6.0. Each point represents the initial O, 
uptake rate at the time when the segment was placed in the 
oxygen electrode. Rates were usually linear for at least 1 min. 
Ca?* uptake (@) was measured in the same plasmodium | min 
later using the 5-min pulse method described in Fig. 2. 


Ca?t may be necessary to reduce local Ca?* concentrations 
so that tubulin polymerisation is promoted’. 
This work was supported in part by a grant from the 
Australian Research Grants Committee. 
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Killed Listeria monocytogenes vaccine 
becomes protective on addition of polyanions 


In the interaction between macrophages and intracellular 
parasites, microbial components which prevent phagosome- 
lysosome fusion'’’ have a decisive role. The resistance to 
faculative intracellular parasite Listeria monocytogenes is 
a form of cell-mediated immunity’, as it can be passively 
transferred with viable lymphoid cells’. Resistance to 
listeria infection can be induced by sublethal numbers of 
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Table 1 Resistance to infection following treatment with DS 500 
and immunisation with dead listeria 


DS 500 dose 





No. of (mg per kg body weight) 
bacteria 50 25 12.5 5 None 
10° 3/4* 6/6 5/ 4/6 0/6 
108 6/6 6/6 0/6 0/6 0/6 
107 0/6 0/6 0/6 0/6 0/6 
None 0/6 0/6 0/6 0/6 0/6 
(saline) 


—_—————— 
Groups of BALB/c mice were injected i.p. with DS 500 or saline Id 
before i.p. injection of heat-killed (56 °C for 60 min) listeria or saline. 
Seven days later all animals were challenged Lp. with 50 LD listeria. 
The numbers of survivors on the numbers of mice challenged were 
recorded 2 weeks after challenge 
*In this group two mice died after immunisation. 


viable listeria’**. Induction of resistance by non-viable 
listeria, however, is effective only after repeated injections 
of listeria preparations in combination with lipopoly- 
saccharides’. Lipopolysaccharide is cytotoxic against macro- 
phages*”, suggesting that the difference in processing of 
viable and dead microorganisms by macrophages might ex- 
plain the induction of resistance by vaccine of live and not 
of dead bacteria. Impairing macrophage activity might 
result in a processing of dead listeria advantageous for the 
induction of resistance. We show here that killed L. mono- 
cytogenes vaccine becomes protective when the polyanions 
dextran sulphate (DS 500, molecular weight 500,000, 
Serva) and suramin (Bayer) are added. These polyanions 
are known to inhibit phagosome-—lysosome fusion in macro- 
phages™'”. Moreover, dextran sulphate is a potent adjuvant 
for both humoral’ and cell-mediated responses”. The 
latter might be particularly important in view of the 
requirement of cell-mediated immunity for resistance to 
listeria’. 

BALB/c mice were injected intraperitoneally (i.p.) with 
graded doses of DS 500 or suramin and 1 d later with differ- 
ent numbers of heat-killed listeria. The challenge injection 
of 50x LDs (dose causing 50%, killing) was given i.p. 7d 
later. Pretreatment with DS 500 allowed induction of 
resistance with 10° and 10° dead listeria (Table 1). With the 
latter numbers of bacteria protection could only be induced 
following high doses of DS 500. The dose of 50 mg DS 500 
per kg body weight probably damaged the phagocytic 
system to such a degree that 10° listeria were badly tolerated 
as an immunising dose. 

Doses of DS 500 over 50 mg per kg in combination with 
10° listeria did not result in protection. The protection 
afforded by suramin treatment was slightly less (Table 2). 
Complete protection was only found in the combination of 
highest doses suramin and listeria. But again one animal did 
not survive the immunisation. 

The doses of suramin required to give protection in addi- 
tion to injections of dead listeria are about 10 times as high 





Table 2 Resistance to infection after treatment with suramin and 
immunisation with dead listeria 





Suramin dose : 
(mg per kg body weight) 


No. of 
bacteria 500 300 150 50 15 None 
10° 5/5* 5/6 5/6 4/5 4/5 0/3 
108 4/6 2/6 1/6 /4 0/4 0/3 
107 0/6 0/6 0/6 ND ND ND 
None 0/6 0/6 0/6 0/6 0/3 0/3 
(saline) 


Experimental details as for Table 1. ND, Not done. 
*In this group one mouse died after immunisation. 
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as those of DS 500. A similar ratio of activities was found for 
in vitro inhibition of phagosome-lysosome fusion where the 
optimal inhibiting doses of suramin and DS 500 were res- 
pectively 200 and 30ug (M. J. de Reuver, personal com- 
munication). The influence of the interval between DS 500 
and immunising injection was studied using 30 mg DS 500 
per kg (Table 3). With an interval of 8h between DS 500 
and 10° listeria all mice died after immunisation (data not 
shown). Reduction:of the dose of DS 500 to 15 mg per kg, 
followed by 10° bacteria resulted in complete protection 
(Table 3). This suggests that the interval between injections 
of the toxic products. DS 500 and dead listeria should not be 
too small if high doses of both are used. 

Host immunity and survival of intracellular parasites 
depend on a delicate balance of host—parasite interplay. The 
ingestion of previously killed intracellular parasites by 
macrophages leads to rapid and extensive phagosome- 
lyosome fusion”, but no resistance to infection. Resistance 
to intracellular growing bacteria can in general only be 
achieved by immunisation with viable bacteria. Impairing 
macrophage function by DS500 resulted in increased 
susceptibility to infection with listeria’’*. These results sug- 
gest that although macrophages are host cells for listeria, 





Table 3 Effect on resistance to infection of the interval between 
DS 500 treatment and immunisation with dead listeria 





DS 500 treatment on 


No. of No 
bacteria Day —2 Day ~1 -8h Day —! treatment 
10° 5/5* 6/6 6/6 5/5* 0/6 
108 3/6 6/6 2/6 0/6 0/6 
None 0/6 0/6 0/6 0/6 0/6 

(saline) 





Groups of BALB/c mice were injected i.p. with 30 mg DS 500 per 
kg before or after injection of dead listeria or saline (controls). 
The groups receiving injections with the 8 h interval were treated 
with 15 mg DS 500 per kg. Other details as for Table I. 

*In these groups one mouse died after immunisation. 

+One mouse died within the 2 weeks recording period after the 
challenge, but two mice died | week later. 


the degree of processing of the listeria is decisive for the 
induction of resistance. The probably incomplete processing 
of viable listeria by macrophages seems to be a prerequisite 
for the induction of resistance. The more complete digestion 
of non-viable listeria does not result in protection. 

The finding that lower numbers of non-viable bacteria 
(10°) needed high doses of polyanions to obtain protection 
supports the hypothesis that the degree of digestion of 
bacteria should be limited in order to induce resistance. 
Experiments are in progress to isolate the fraction(s) of 
listeria responsible for the induction of resistance. 
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Non-infectious virus induces 
cytotoxic T lymphocytes and 
binds to target cells to permit their lysis 


MucH current interest is focused on the involvement of 
expressed products of the major histocompatability (H-2) 
gene complex, especially those associated with the K and. 
D regions of H-2, in inducing cell-mediated immune 
responses and in permitting recognition and killing by 
cytoxic thymus-derived lymphocytes (CTL). Observations 
in many laboratories have led to the generalisation that 
syngeny between stimulator and target cells at the K 
and/or D region of H~2 is required for CTL activity 
to virus-infected cells’, minor histocompatibility antigens‘, 
the male H-Y antigen’ and chemically modified syngeneic 
cells*™*. This study asks three questions related to. the 
geneic restriction of induction and expression of CTL: 
(1) can non-infectious virus efficiently induce CTL, (2)-can 
non-infectious virus absorbed to target cells render them 
susceptible to killing by CTL, and (3) can non-infectious 
virus absorbed onto or chemically linked to cells induce 
CTL and does using allogeneic or xenogeneic carrier cells 
affect this induction? 

Two major models have been proposed to explain the 
involvement of H-2 antigens and foreign antigens, such 
as viral antigens, in recognition of target cells by CTL. 
The ‘dual recognition’ model proposes recognition of H-2 
and foreign antigens on the target cell surface by two 
separate receptors on the CTL while the ‘adaptor—antigen 
complex’ or ‘modified self’ model postulates a physical 
association between H-2 antigens and the foreign antigen 
on the cell surface to form hybrid antigens containing 
elements of self and non-self™ ® 

Using 6/94 virus, a para-influenza type 1 virus anti- 
genically related to Sendai virus, it has been shown that 
although only virus-infected cells histocompatible with 
the effector T cells can serve as susceptible target cells, 
syngeneic, allogeneic, and even xenogeneic virus-infected 
cells are capable of inducing virus-specific cytoxicity’’. 
But, as the virus used in the previous study retained 
some infectivity, it was possible that the allogeneic and 
xenogeneic virus-infected cells used to induce CTL released 





Table 1 Characterisation of anti-6/94 effector cells 





Treatment Live 6/94 BPL 6/94 
Hold on ice 58 39 
åhat37 C 32 31 
Nylon column nonadherent 58 48 
Guinea pig serum (C) 54 39 
Anti-Thy 1.2 +C 4 6 
Rabbit a mouse Ig- C ND 70 
Rabbit a 6/94+-C ND 34 





BALB/c mice were injected i.p. with 100 pg of live or BPL-treated 
6/94 virus. On day 5, spleen cell suspensions were prepared, treated 
as indicated and assayed against P8I5Y target cells incubated for 
90 min with BPL-treated 6/94 virus immediately before labelling with 
Na, 'CrO,. Cytotoxicity values are ° 4 specific lysis for an 18-h assay 
and spleen cell: target cell ratio of 50:1. Spontaneous release was 
47%. Treatment with anti-Thy 1.2 serum removed 38%% of the cells. 

ND, Not determined. 
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Fig. 1 Induction of anti-viral cytotoxic thymic-derived lympho- 
cytes (CTL) by infectious and non-infectious 6/94 virus with assay 
on target cells pre-incubated with different amounts of non- 
infectious 6/94 virus. BALB/c (H-2*) mice were injected i.p. with 
100 pg of live 6/94 virus in phosphate buffered saline (4), with 
100 ug of non-infectious 6/94 virus treated with BPL and verified 
negative for infectivity by serial egg passage and incubation 
with susceptible cells in culture ($), or uninjected (@). On day 
5 spleens were removed and assays were performed for 18h 
against P815Y (H-2*) cells incubated with 0, 1, 5, 25 or 100 pg 
BPL-treated 6/94 virus (Sx 10° cells in 2 ml, 37°C, 90 min, 
washed and then labelled with *'chromate). All assays were 
carried out using lymphocyte-target cell ratios of 200:1, 67:1, 
and 22:1, Only data for 67:1 are shown for simplicity. a, Shows 
spontaneous release in 18h as a 9%% of total incorporation. 
b, Cytotoxicity in terms of % specific lysis. 


virus which then infected host cells; the measured cyto- 
toxicity might then have been induced by virus-infected 
(syngeneic) host cells. 

To compare the immunogenicity of live and non-infectious 
6/94 virus, BALB/c mice (H-2® were injected intraperi- 
toneally (i.p.) with 100 ng of either infectious or f-pro- 
piolactone (BPL) inactivated’ 6/94 virus. Lymphocytes 
from these mice and uninjected controls were then assayed 
on day 5 against P815Y cells (H-2") incubated with 0, 1, 5, 25 
or 100 ug of BPL inactivated 6/94 virus for 90 min before 
labelling with radioactive chromate. Figure 16 demonstrates 
that live and non-infectious 6/94 virus induced the same 
amount of cytotoxicity and that P815Y cells were made 
susceptible to killing when incubated with as little as 1 yg 
of non-infectious virus just before labelling. The rate of 
spontaneous release is increased as more virus is absorbed 
to the target cells (Fig. 1a), indicating that optimum assay 
conditions are a compromise between more virus per cell 
and increasing spontaneous release. 

The cytotoxicity induced by both live and non-infectious 
6/94 virus was shown to be mediated by CTL (Table 1). 
The cytotoxicity induced by both live and non-infectious 
6/94 virus was not labile at 37°C as is true for ‘natural’ 
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killer cells". The activity was largely abolished by anti- 
Thy 1.2 serum and complement and was not diminished 
by removal of cells adherent to nylon wool or of cells 
killed by anti-mouse immunoglobulin and complement; it 
seems therefore that lysis is mediated by a T cell and 
not by a B cell or macrophage. 

Non-infectious 6/94 virus was absorbed on to (1) P815Y 
cells which are H-2' like BALB/c; (2) ELA cells which 
are H-2" and allogeneic to BALB/c, and (3) bovine kidney 
cells (MDBK) which are xenogeneic to BALB/c; all cells 
were washed extensively to remove any free virus, and 
injected i.p. into BALB/c mice. 

Table 2 shows that 6/94 virus absorbed to all three 
cell types induced cytotoxicity against P815Y cells sensitised 
with either infectious or BPL-treated 6/94 virus. The 
6/94 virus, like the well characterised Sendai virus, adsorbs 
rapidly to the cell surface, fusing its envelope with the 
cell membrane as a normal event in penetration”; once 
this occurs, therefore, virus would not be expected to 
desorb from the cells used for the injection of mice. To 
make it even less likely that the effective immunogen 
is free virus or virus that desorbed from the injected cells 
and readsorbed to host cells, the xenogeneic MDBK cell 
and 6/94 virus were covalently linked using four additions 
at 10min intervals of freshly diluted  dis-diazotized 
benzidine (BDB) solution’®, The results in Table 2 show 
that 6/94 virus covalently linked to xenogeneic cells is 
still able to induce cytotoxicity against 6/94 determinants 
on P815Y cells. 

As was shown in work with CTL induced with 6/94 
virus’, we did not observe significant cell-mediated 
cytotoxicity of allogeneic EL4 cells or xenogeneic bovine 
kidney cells adsorbed with 6/94 virus. But, the lack of 
cytotoxicity by CTL on allogeneic and xenogeneic targets 
was not due to lack of expression of viral determinants 
or to an inability of the cells to be lysed, because all these 
cells were lysed by rabbit anti-6/94 virus antiserum and 
guinea pig complement (Table 3). This was also true for 
MDBK cells to which virus had been bound covalently. 
The P815Y and EL4 cells did not survive the BDB coupling 
conditions and hence were not tested. 

In summary, our results show that non-infectious virus 
is immunogenic both as free virus and when fused with 
cells of the same or different H-2 as the host. Non-infectious 
virus covalently linked to xenogeneic cells also was immuno- 
genic. These results make less likely, but in vivo experiments 
can never completely exclude, the possibility that macro- 
phages process free or cell-bound virus and present viral 
determinants on a host H-2 background. Immunogenic 
determinants in these experiments are contained in the 
6/94 virus and do not involve a complex with structures 
present on the cell carrying the virus. This finding and 





Table 2 Induction of CTL with non-infectious 6/94 virus passively 
adsorbed to or covalently liked with Ais-diazobenzadine to various 








cells 
Target cells 
Immunising cells P8ISY P8ISY P8ISY 

(BPL 6/94) (live 6/94) 
None 1 6 9 
P8ISY (BPL 6/94} 8 39 47 
EL4 (BPL 6/94) 5 35 26 
MDBK (BPL 6/94) —7 75 55 
MDBK (BDB coupled BPL 6/94) 6 55 5} 





BALB/c mice were immunised with the indicated cells and assayed 
on day 5 for 18h at 150:1 spleen cells: target cell against P815Y 
incubated with live or BPL-treated 6/94 virus or left without virus. 
Values are 2% specific lysis for the mean of triplicate determinations. 
Standard error of the mean was always less than 2 percentage points 
or 10% of the mean. Spontaneous release was 31° for P815Y, 54% 
for P815Y (BPL 6/94) and 48% for P815¥ (live 6/94). 


b3 
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Table 3 Lysis of various target cells with anti-6/94 antibody and 
complement 
Uninfected =+ Live 6/94 +BPL 6/94 Coupled 
BPL 6/94 
PSISY 25 52 70 ~ 
EL4 2 69 75 — 
MDBK 2 42 34 47 





For each target, 2x 10? chromium labelled cells in 50 pl were 
mixed with 50 pl 1:4 or 1:20 dilutions of rabbit anti-6/94 antibody, 
50 wl of a 1:9 dilution of guinea pig compleemnt was added. The 
mixture was incubated for Fh at 37 °C, and one half the suprenatant 
was counted. Values are °> specific lysis for 1:20 initial dilutions of 
antiserum. Spontaneous release ranged from 3° to 24% for the ten 
different targets. 


the restriction of lysis by CTL of histocompatible target 
cells displaying virus argues for a view of CTL possessing 
separate receptors for H-2 and for virus determinants. 
Thus, while it seems that both receptors must be bound 
for CTL activity to be expressed, CTL activity is apparently 
induced by viral determinants. alone without involvement 
of histocompatability. antigens. 
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Effects of a nonapeptide FTS on 
lymphocyte differentiations in vitro 


Bacy ef al? have reported the amino acid sequence of 
a putative thymic hormone isolated from pig serum‘, a 
nonapeptide called FTS (facteur thymique — serique). 
Natural and synthetic FTS showed high activity in the 
rosette test used as a bioassay’’. Bioassays for thymic 
hormones’, however, can be spuriously triggered by many 
substances of non-thymic origin’, a finding probably 
related to mediation by a cyclic AMP second signal’. 
Early steps in B-cell differentiation are also mediated by 
cyclic AMP (refs 6-9) and comparison of induction of 
T cells and B cells from committed precursor cells in vitro 
(the dual induction assay) enables a distinction to be made 
between selective and non-selective inducing agents™*. 
This is exemplified by induction studies in the mouse with 
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thymopoietin’’” and ubiquitin’’?*. Bovine thymopoietin 
selectively induces T-cell differentiation and actually 
inhibits B-cell differentiation’. By contrast, ubiquitin. is 
non-selective, inducing both T- and B-cell differentiation’, 
Ubiquitin at high concentrations does not induce differen- 
tiation whereas these high concentrations do not impair: 
induction by thymopoietin or other agents’. Another 
feature of induction by ubiquitin is its inhibition by the 
B-adrenoceptor-blocking drug propranolol, which is without 
effect on induction by thymopoietin’. We have evaluated 
synthetic FTS in the dual induction system in the chicken 
to determine whether it showed inductive selectivity 
appropriate to a thymic hormone, and have found that it 
induced non-selective differentiation of both T cells and 
B cells and closely resembled ubiquitin in its activity. - 

The nonapeptide, NH:-Gln-Ala-Lys-Ser-GIn-Gly-Gly-Ser- 
Asn-COOH, was synthesised using solid-phase methodology 
(Peninsula, San Carlos, California). The purified peptide 
showed a single spot in four thin-layer chromatography 
systems and on high voltage electrophoresis at pH 6.5. 
After acid hydrolysis, the amino acid composition showed 
appropriate molar ratios. Ubiquitin was isolated as 
described previously’. The dual induction assay for T-cell 
and B-cell differentiation in fractionated bone marrow 
cells from newly hatched chickens was carried out as 
described previously*. Synthetic FTS induced both T-cell 
and B-cell differentiation (Fig. 1) with high dose inhibition 
at the higher concentrations (100 ug ml”'), B-cell induction 
was only obtained consistently at a concentration of 
l vg ml', whereas T-cell induction was obtained over the 
broader concentration range of 1 ng ml™ to 1 wg ml”'. More 
detailed information about the mechanism of induction by 
FTS was obtained from inhibition studies, the inhibiting 
agent being added at the same time as the inducing agent 
(Table 1). Inductive concentrations of FTS (1 ug mi~’) were 
inhibited by inhibitory concentrations of ubiquitin (100 ag 
ml”'), and inductive concentrations of ubiquitin (0.5 ng ml”) 
were inhibited by inhibitory concentrations of FTS 
(100 wg ml“). Inductive concentrations of both FTS and 
ubiquitin were inhibited by propranolol 10°° M, which did 
not affect induction by cyclic AMP. 


Fig. 1 Relationship between concentration of synthetic FTS and 
induction of Bu-1* (a) or Th-I* cells (b) in fractionated bone 
marrow from newly hatched chickens. Bone marrow cells from 
newly hatched chickens were fractionated by ultracentrifugation 
on a discontinuous bovine serum albumin gradient, and cells 
from the lighter layers were incubated with or without various 
concentrations of FTS. After incubation for 2.5 h, cells were 
washed and tested in the cytotoxicity assay using anti-Bu-1 
and anti-Th-1 alloantiserums and a mixed avian-mammalian 
complement system as described previously’. FTS induced 
both Bu-i* and Th-1* cells and showed high-dose inhibition 
(six experiments, each line represents one experiment). 
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Table 1 Inhibitor studies with synthetic FTS and ubiquitin in the dual induction assay using chicken cells 





Inducing agent Inhibiting agent 
FTS 1 pg mi“ — 
FTS | pg mi7? Ubiquitin 100 pg mi~ 
= Ubiquitin 100 pg mi~ 
Ubiquitin 0.5 pg mi~? —- 
Ubiquitin 0.5 ug ml ~ FTS 100 pg mi~ 
— FTS 100 pg mi~! 
FTS 1 pg mi~ — 
FTS i ug mim Propranolol 10M 
Ubiquitin 0.5 pg mi~ — 
Ubiquitin 0.5 ug mi~ Propranolol 10M 
Cyclic AMP 0.2 x 1075M == 
Cyclic AMP 0.2 x 1073M Propranolol 10M 





Cells induced (°%) 

B cells (Bu-1*) T ceils (Th-1*) 
11,16 11,19 
ly 2,0 
1,0 0,0 
9,16 20,16 
0,0 0,0 
0,0 0,0 
15,22 18,20 
0,0 0,0 
19,11 15,17 
0,0 0,0 
18,8 21,17 
19,13 11,14 


High concentrations of FTS or ubiquitin inhibited inductive concentrations of the other. Inductive concentrations of either were inhibited 


by propranolol. 


Each figure represents the mean of duplicate or triplicate tubes in a single experiment. 


The amino acid sequence of FTS (refs 1, 2) differs from 
that of thymopoietin’’"', and the biological activity of 
these two peptides in the dual induction assay was also 
quite different. Bovine thymopoietin was inactive in the 
dual induction assay in the chicken*. Unlike bovine 
thymopoietin’, porcine FTS was both active and non- 
selective in the dual induction assay using chicken cells 
and was inhibited by propranolol. By contrast, our findings 
show a close similarity between the activity of FTS and 
that of ubiquitin, in that both caused non-selective induc- 
tion in the dual induction assay; induction by both was 
inhibited by the 8-adrenoceptor-blocking agent, propranolol: 
and in that high concentrations of each inhibited induction 
by inductive concentrations of the other. This finding is 
especially noteworthy because the primary structure of 
FTS does not closely resemble that of ubiquitin’: the 
similarity of tertiary structure of the active sites implied 
by the similarities of activity of these two peptides must 
be generated by folding of chains of dissimilar primary 
amino acid sequence. Evolutionary convergence rather 
than modification of a common ancestral gene would be 
the likely cause of this relationship". 

We conclude that FTS is a biologically active molecule 
that induces lymphocyte differentiation, and that the 
biological activity of FTS mimics ubiquitin, a polypeptide 
which induces lymphocyte differentiation non-selectively 
by reason of having an adrenomimetic active site. Our 
observations indicate that FTS is probably not a thymic 
hormone, but they do confirm that this circulating nona- 
peptide can induce lymphocyte differentiation. These 
findings do not detract from interest in this factor. Rather, 
they raise important questions concerning its origin in 
the body and a possible physiological role in regulating 
lymphocyte differentiation and maturation. 
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manuscript and Dr D. H. Schlesinger for the amino acid 
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Expression of MuLV GP71-like 
antigen in normal mouse spleen 
cells induced by antigenic stimulation 
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ALL mouse strains investigated possess cellular DNA sequences 
which are homologous to the genomes of endogenous C-type 
particles’. Also, major envelope glycoproteins of the oncoviruses?, 
such as GP71, are found on the surface of normal cells and they 
display a considerable polymorphism. An antigen serologically 
indistinguishable from AKR murine leukaemia virus (MuLV) 
GP71 is present in normal bone marrow cells of all mouse strains 
investigated but not in normal spleen cells? Allogeneic* and 
mitogenic stimulation®* of spleen cells have been reported to 
result in C-type particle synthesis in some but not all mouse strains. 
We report here that both T and B lymphocytes of mice express a 
GP71-like antigen on their surfaces if antigenically stimulated. 

Goat’ or rabbit® antisera prepared against isolated GP71 of 
Friend leukaemia virus (FLV) were applied to the mouse lym- 
phocytes. In some experiments. a goat antiserum prepared against 
dissociated feline leukaemia viruses (FeLV) was included”. These 
antisera possess antibodies to type-, group-and interspecies- 
specific determinants of MuLV GP71 (ref. 10) and thus can react 
with the major glycoprotein moieties of all C-type murine 
oncoviruses. The antisera and the normal control sera were 
thoroughly absorbed with fresh suspension of liver and spleen cells 
of the mouse strains used in a particular experiment. Fresh rabbit 
sera served as source of complement. Mishell-Dutton-type 
cultures of mouse spleen cells activated by sheep red blood cells 
(SRBC) were used to examine the effect of anti-GP71 antisera on 
the primary immune response in vitro!!. The immune responses 
were assessed by the haemolytic plaque test of Jerne!? as modified 
by Mishell and Dutton''. The number of plaque-forming cells 
(PFC) routinely increases after 3 d of culture and usually reaches 
an optimum on day 5. 

Table | shows that the addition of anti-GP7! antiserum to 
spleen cultures of F, hybrid mice (C57B1/6 x DBA/2 = B,D>)on 
day 3 of culture significantly reduced the number of PFC 
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discovered on day 5 dependent on the presence of active comple- 
ment. Since the anti-SR BC response is T-cell dependent!?, either T 
or B lymphocytes or both may be affected by the treatment. To 
determine whether or not antibody-producing B cells can thus be 
affected, cultured cells were treated directly before the plaque assay 
when all of the antibody-producing B cells were already present. 

While the controls treated with normal goat serum (NGS) and 
complement (C) contained 4.147 PFC per 10° recovered cells, 
treatment with anti-FLV GP71 antiserum and C resulted in a 
drastic reduction (125-PFC per 10° cells =3°,). Plaque-forming 
cells were similarly. reduced by treatment with anti-FeLV anti- 
serum and complement (65 PFC per 10° cells = 1.6%). This 
suggests that the induced antigen is in fact viral GP7I and not 
simply another membrane structure displaying a chance cross- 
reactivity. Anti FLV GP7I antiserum reacts predominantly 
through group-specific determinants on the GP71 molecules of all 
mouse oncoviruses while anti-FeLV antiserum can only detect 
their interspecies-specific determinants. Thus, antibody-produc- 
ing B lymphocytes of BDF, mice express sufficient GP71-like 
antigens on their surface to be eliminated by corresponding 
antisera and complement. 

Examination of a plaque. centre cell revealed actual C-type 
particle synthesis by these antibody- producing cells. Immunologi- 
caLinduction of GP71-like viral antigens is, however, also possible 
in lymphocytes of NIH-Swiss mice. These mice only possess a 
xenotropic provirus!* 

The following experiments were designed to find out whether or 
not T-helper cells also express oncoviral antigens on immunologi- 
cal stimulation. For this purpose, C57B1/6 mice were primed and 


boosted with dinitropheny] (DNP)-KLH in ritro using the 


method of North and Askonas!5. In secondary spleen cultures 
derived from those mice and restimulated with DNP-KLH, a 
considerable IgG immune response is obtained (Table 2). The 
removal of T-helper cells by treatment with anti-Thy | and 
complement before the culture prevents the immune response 
which, however, can be reconstituted by addition of specifically 
antigen-activated T cells'® (Table 2). These reconstituting T- 
helper cells, however, are sensitive to anti-FLV GP71 antiserum 
and complement, indicating that, like immunologically activated B 
lymphocytes, they also express the GP71-like antigen. This is of 
particular interest since concanavalin A stimulation of C57B1/6 
spleen cells leads to the induced expression of GP71-like antigens 
without C-type particles synthesis in contrast to DBA/2J or B,D, 
F, cultures where both occurs (manuscript in preparation). 

Our results suggest that both T and B lymphocytes of mice, if 
antigenically stimulated, either in vivo or in vitro, display GP71-like 
‘antigens on their surfaces where they are accessible to antibodies. 

To demonstrate more directly that unstimulated lymphocytes 
do not express these antigens, the following experiment was 
performed. Spleen cells of mice primed and boosted with 
DNP-KLH were treated with normal goat or with goat anti-FLV 
GP71 antisera and complement before culture. One set of cultures 





Table 1 Effect of anti-GP7/ antiserum and complement on anti-SRBC 
response fa riro 
Additions PFC per 10° cells, day 5 


on day 3 (anti-SRBC IgM) 2, Control 


None (control) 1,377 100 
NGS +complement 1,033 75 
Anti GP7! + complement 197 14 
Anti GP7] + inactivated 

complement 1.522 110 
Inactivated anti GP71 1,640 119 
Inactivated anti 

GP7!+complement 88 6 


5 x 10° spleen cells of B,D, F, mice in 0.5 ml of medium containing 5%, 
FCS were cultured together with 2.5 x 10° SRBC?! On day 3. cultures 
received 0.1 ml of the respective sera diluted 1:5 and 0.05 ml of undiluted 
rabbit complement or 0.05 ml of medium. 1.5 ml of the diluted sera had 
been absorbed for 3 hon ice with suspended cells equivalent to one liver and 
one spleen of B,D, F, mice. Heat inactivation was performed 30 min 


inculation at 60 °C. 
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Table 2 Effect of antt-F LV GP71 antiserum and complement on 
primed spleen cells of C5S7B1/6 mice 





PFC per 10° cells 
{antic DNP IgG) 


Treatment before culture day 5 ° Control. 
None (control) 4.716 100 
T-helpers reduced (TR) 245 5 
TR + untreated helpers 4.820 102 
TR + treated helpers (NGS+C’) 2.498 53 
TR + treated helpers (GP71 +C’) 789 16" 





Mice were primed i.p. with 200 g of dinitropheny! (DNP)-KLH gir i 


DNP groups per 10° molecular weight) and 10° Bordetella: pertussis. > 


organisms. The mice were boosted with 20 ng DNP--KLH i.p. 7 d before 
killing. Spleen cells were cultured directly with DNP- KLH or after 
treatment with mouse anti-Thy | and complement!® . T-helper cells were 
obtained from CS7B1/6 mice primed with KLH and boosted 3 d before use, 
In reconstitution experiments, 1 x 10° Thy 1+C’-treated cells were’ 
cultured with 4 x 10° helper cells in 0.5 ml of medium. Treatment of helper 
cells with anti-FLV GP71: 3 x 10° cells, 30 min on ice with 0.5 ml of 1:5" 
diluted serum. After washing, cells were incubated with 0.5 ml of 1:5 
diluted rabbit complement and washed twice. 


received DNP-KLH, another SRBC. The secondary immune 
response to DNP-KLH in vitro was practically abrogated by the 
antiserum treatment (Fig. 1). Although the anti-SRBC response 
was also reduced, it still was about 100-times higher on a 
percentage of control basis than the anti-DNP response. This 
suggests a remarkable specificity of the treatment which indeed 
seems to predominantly effect antigen-activated lymphocytes 
(DNP-specific) while unstimulated cell clones (SRBC-specific) are 
preserved. In principle. an antigen-specific immune suppression 
seems to be possible in these experimental conditions by applying 
appropriate antisera against oncoviral antigens such as GP71. 

Also, using type-specific antisera, it will now be possible: to: 
characterise the type of endogenous viruses, the antigens of which. 


Fig. 1 Specificity of anti-GP7] antisera for antigen-activated 
lymphocytes. DBA;2 mice were used. The condition of in viro priming 
and boosting. and antiserum treatment before culture were as 
described in Table 2. One set of cultures received KLH-activated 
helper cells and DNP-KLH as antigen, the other received SRBC and 
TRF on day 2 for reconstitution of T-helper function’’. Samples 
a-d all underwent T-cell reduction. a, NGS+C’ +helper: b, 
anti-GP71 +C +helper: o« NGS+C’+helper; d, ante 

GP71 +C' + helper. The value for $ is 0.3%. : 


Anti DNP response Anti SRBC response 
meee aeaaea 


100 


w 
a 


414 
4 
4 
4 
DJ 
« 
« 
« 
« 
« 
« 
4 


Er vere vvevvvvyvv y 

















600 


can be expressed on lymphocyte surfaces of the various mouse 
strains. 

These findings are compatible with the notion that the ex- 
pression of endogenous viral antigens may generally have a role in 
cellular proliferation and/or differentiation. Using cells of the 
immune system might prove quite helpful in studying these 
questions. All immune reactions are characterised by proliferation 
and differentiation of the responding lymphocytes. Both events 
can be induced consecutively and jin vitro by distinct signals’. The 
appearance of endogenous viral antigens in dependence of one or 
both events can thus be studied in detail. 

We thank Dr Werner Schafer (Max-Planck-Institute for Virus 
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Are endogenous C-type 
viruses involved in the immune system? 


DNA sequences coding for infectious C-type viruses 
(oncornaviruses) are present in the genome of normal cells 
of various species, those best characterised being chicken, 
mouse, cat and baboon’. Mammalian endogenous viruses, 
in general, are restricted for growth in their autologous 
species but replicate in autologous species and are termed 
xenotropic’. In mice and some other species a further class 
of endogenous viruses has evolved which is restricted in 
heterologous cells but replicates in homologous cells, they 
are termed ecotropic’. Endogenous viral genes are inherited 
in the germ line and have co-evolved. in general, with non- 
viral host genes as indicated by evolutionary data‘. One 
explanation for the retention of these genes is that they are 
involved in physiological functions as proposed by Temin 
in his protovirus hypothesis’. We have shown previously 
that B-cell proliferation induced by certain B-cell mitogens 
is frequently associated with expression of endogenous 
virus’ '". This has been confirmed by other workers who 
reported a xenotropic. host range of the mitogen-induced 
virus. In contrast to other virus induction methods, 
mitogen stimulation closely resembles a physiological pro- 
cess, that of antigen stimulation followed by lymphocyte 
proliferation. Whereas B cells can be induced by mitogens 
to release virus, we have evidence that T cells are re- 
fractory to induction when using T-cell mitogens as well as 
5-bromo-2’-deoxyuridine®. These results suggest that the 
expression of endogenous xenotropic C-type viral genes 
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may be physiologically required for B cells to participate in 
the immune response. As a test of this hypothesis we 
examined the effect of antisera directed against xenotropic 
endogenous C-type virus on the humoral immune response 
of mice. We show here that such sera are immuno- 
suppressive. 

To obtain an antiviral serum with no activity against non- 
viral mouse cellular components, we immunised rabbits 
with mouse xenotropic C-type virus produced in a rabbit 
cell line (SIRC). This rabbit line had been infected with 
endogenous C-type virus induced from BALB/c spleen cells 
by the B-cell mitogen lipopolysaccharide and was used as 
virus source § months after infection. For absorption 
controls, the same virus was purified from the culture fluid 
of a similarly infected mink cell line (CCL-64). The sera 
used in these studies were obtained from two rabbits fol- 
lowing multiple intramuscular injections each of approxi- 
mately 0.2 mg viral protein emulsified in complete Freunds 
adjuvant. Sera taken from the same animals before im- 
munisation were used as controls. Sera was complement 
inactivated by heating at 56°C for 30min. The immune 
sera displayed complement-dependent cytotoxicity on virus- 
infected SIRC cells and showed no activity on uninfected 
SIRC cells. Pre-immune sera were not cytotoxic. 

We examined the effect of antiviral sera on the humoral 
immune response to sheep red blood cells (SRBC) as 
assayed in the Mishell-Dutton in vitro system’. In this 
assay B cells which secrete antibody against SRBC are 
quantitated by their plaque-forming ability. A typical 
experiment is presented in Table 1 which shows that anti- 
serum but not control serum reduces the number of plaque- 
forming cells by 70%. 

To confirm the viral specificity of the immunosuppressive 
effect of our antisera, absorption experiments were per- 
formed with equal quantities of various viruses as well as 
with SRBC. Table 2 shows that absorption of the anti- 
serum with xenotropic virus fully removed the immuno- 
suppressive activity. Xenotropic BALB/c virus, grown in 
mink or rabbit cells, as well as xenotropic AKR virus, were 
similarly effective in absorption. Some absorption occurred 
also with ecotropic AKR virus, while tobacco mosaic virus, 
a completely unrelated virus, showed no absorption. Since 
rabbit antisera frequently contain activity against Forssman 
antigen, we tested whether absorption with red cells would 
remove the immunosuppressive activity. As shown in Table 





Table 1 /n vitro immunosuppressive activity of antiserum against 
mitogen-induced xenotropic C-type virus 


PFC per 10? 
spleen cells* 





Serum 


(final dilution) ®4 Inhibition 


— 3,900 
Control serum 
(1:100) 3,900 0 
Antiserum 
{1:100) 1,200 70 
(1 :400) 1,900 51 
(1:1,600) 1.700 56 
(1 :6,400) 3,800 3 





The effect of the antiserum against xenotropic C-type virus on the 
induction of an antibody response to sheep red blood cells was 
investigated in cultures of BALB/c spleen cells from 8~15-week-old 
mice by a modified Mishell-Dutton technique!*. 8» 10° spleen cells 
were cultured in 35» 10-mm disposable tissue culture Petri dishes 
(Falcon) containing | ml RPMI 1640 medium (Microbiological 
Associates), supplemented with 8° foetal bovine serum, 1° horse 
serum and antibiotics. At the onset of the culture period 10 ul 
control serum or antiserum was added. The cultures were rocked 
during the 5-d culture period in an incubator containing 10% CO,, 
83°, Na and 7%, O,. They were stimulated with 4 = LO® sheep red 
blood cells. Direct plaque-forming cells (PFC) were assayed by the 
local haemolysis technique in liquid medium!. The cell recovery of 
the various cultures did not differ significantly. 

*Mean values from triplicate cultures. 
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Table 2 Specificity controls by absorption experiments 





Expt Antiserum Antiserum PFC per 10° 
no. added absorbed with spleen cells  % Inhibition 
1 ~ oe 5,200 sc. 
+ — 800 85 
-+ x-BALB/c* 5,200 0 
+ x-AKRt+ 4,200 19 
+ e-AKRi 2,200 58 
+ SRBC 1,200 77 
-+ TMV8 1,400 73 
2 = = 2,700 — 
+ sce 500 82 
+ x-BALB/c | 2,300 15 
+ e-AKRiE 1,300 52 
-+ TMV§ 500 82 
3 — — 5,800 — 
+ — 600 90 
+ x-BALB/c* 5,600 3 
+ TMVS§ 1,000 83 
+ SRBC i; 800 86 
"A Rabbit RBC 600 90 





The antiserum was absorbed with either virus or red blood cells. 
Virus. absorption: 400 tg -of density-gradient purified virus was 
pelleted by. centrifugation and incubated with 30 ul of sera diluted 
1:10 for 60 min in ice. Serum was recovered by centrifugation and 
10.11 of the absorbed serum was added to | ml cultures. Absorption 
with red blood cells: part packed cell volume was incubated with 
2 parts of sera diluted 1:2 for 30 min on ice. Serum was recovered 
by centrifugation and subjected to two further absorption procedures. 
Finally, the serum was clarified by centrifugation in a Sorvall SS 34 
rotor at 5,000 r.p.m. for 10 min. Cultures received. [0 yl of the 
absorbed sera or 10 ul of the non-absorbed serum 1:10 diluted. 
Culture conditions as Table 1. 

*Mitogen-induced endogenous xenotropic BALB/c virus, grown in 
mink CCL-64 cells. 

+Mitogen-induced endogenous xenotropic AKR virus, grown in 
mink CCL-64 cells. 

tEndogenous ecotropic AKR virus grown in mouse NIH-3T3 cells. 

§Tobacco mosaic virus. 

As *, but virus grown in rabbit SIRC cells, 


2, this was not found to be the case. Furthermore, no 
absorption occurred when the serum was incubated with 
rabbit SIRC cells (data not shown). 

The immunosuppression was also shown in experiments 
carried out in vivo. Four days after immunisation with 
SRBC those mice which had simultaneously received an 
intravenous injection of 0,2-ml- antiviral serum showed a 
reduced number of plaque-forming cells, inhibition ranging 
from 75 to 84% (Table 3). Those mice injected with control 
serum showed no reduction of ‘plaque-forming cells. 

‘In further experiments the:immunosuppressive activity of 
these séra was also demonstrated with a second antigen, 
horse red blood cells, whichis. serologically non-cross- 
reactive with SRBC. The immunosuppressive activity was 
found to be due to immunoglobulin since incubating the 
sera with goat anti-rabbit Ig-serum removed the activity 
(data not shown). ; 

The possibility that antibody directed against a non-viral 
cellular antigen is responsible for the observed immuno- 
suppressive effect is highly unlikely for several reasons. As 
the rabbit antisera did not react with normal] rabbit SIRC 
cells by cytotoxicity or by fluorescence, a contaminating 
antigen of rabbit origin is unlikely. A mouse cellular 
antigen is ruled out as the only mouse antigens present in 
the infected rabbit cell line are viral gene products of the 
integrated mouse virus (barring transduction of non-viral 
mouse genes by. the virus). Most importantly, virus grown 
in-a:third species, mink, also fully removed the activity by 
absorption. 

There seem: to be three possible explanations of the 
mechanism by which our antisera exert this immunosup- 
pressive.effect. First, the effect is due to complement- 
dependent cytotoxicity directed against lymphocytes 
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Table 3 Jn vivo immunosuppressive activity of antiserum against 
mitogen-induced xenotropic C-type virus 








Expt Serum (dilution) | PFC per 107 oF 
no. injected spleen cells* Inhibition 

l Control serum 38,400 + 1,700 — 

Antiserum 9,450 -540 78 

2 None 28,900 4- 1,400 —_ 

Antiserum 5,950 +470 79 

1:2 4,430+520 84 

1:4 5,480 +350 81 

1:8 8,480 + 480 71 

1:16 11,030 +650 61 





BALB/c mice aged 8-15 weeks were immunised by one i.p..in- : 


jection of 5x10" SRBC. Antiserum or control serum (0.2 ml per ©. 


mouse) was injected intravenously immediately after antigen admini 
stration. The animals were killed after 4 d and direct plaque forming. 
cells (PFC) were assayed from spleen cells. as 

*Average of quadruplicate values from spleens of two individual 
mice. Values are given +: s.e.m. 


participating in the anti-SRBC response. This seems un- 
likely, as the sera were not cytotoxic for spleen cells in a 
cytotoxic test using rabbit complement. Cytotoxicity on 
the level of the plaque-forming cells or its precursors also 
seems unlikely since the immunosuppressive activity was 
only observed when the antiserum was injected within 2d 
after SRBC injection. Later injections during the 4-d 
immunisation period had no effect. A second possibility is — 
that viral antigen is in close proximity to a membrane struc- 
ture necessary for the immune response, for example, a. 
receptor. Binding of antibody would then lead to steric 

hindrance of the receptor function. Finally, viral antigen: 
itself may be required on the membrane. Here it could, for. 
example, play a receptor-like role in cell-cell interaction. 

Blocking of the antigen therefore would lead to immuno- 

suppression. While this last explanation is consistent with 

our working hypothesis, it is clear that further studies are 

necessary if a functional link between endogenous C-type 

viruses and the immune system is to be established. 

These results show that antibody directed against endo- 
genous xenotropic C-type viral antigens represents a new 
and interesting principle of immunosuppression. Work to’ 
identify the target cells of the antisera, the nature of the 
viral antigen and the mechanism of the immunosuppressive 
effect is in progress. 
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Development of improved cholera 
vaccine based on subunit toxoid 


Tue cholera vaccines now available consist of killed vibrios, 
and give rise to only limited protection of short duration’. 
The finding that the excessive diarrhoea in cholera is due to 
the action on the small intestine epithelium of an exotoxin 
produced by the vibrios’’’ has focused attention on the 
potential of toxoid for improved immunoprophylaxis. The 
development of a suitable toxoid has met with great 
difficulties, however. Formalin toxoid, although reasonably 
antigenic, proved unsatisfactory because of reversion to 
toxicity‘. Glutaraldehyde toxoid was stable but poorly 
immunogenic which explains its low efficacy in a recent 
field trial’. We describe here the development and proper- 
ties of a subunit cholera toxoid, the nature of which elimi- 
nates the risk of reversion to toxicity. The high protective 
immunogenicity observed in experimental animals gives 
promise that addition of this toxoid to the conventional 
vaccine will result in a significantly improved immuno- 
prophylactic agent against cholera. 

Different Vibrio cholerae strains, irrespective of their sero- 
type, produce an immunologically identical exo-enterotoxin*. 
The toxin contains two types of non-covalently linked sub- 
units, one heavy (H or A; molecular weight (MW) about 
28,000) and five or six light ones (L or B, MW about 
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Fig. 1 Preparation of L-subunit toxoid from purified cholera 
toxin. The toxin (about 10 mg in 1-2 ml) was diluted with 20% 
concentrated formic acid to give a 5°, final concentration of the 
acid. After incubation for 1 h, the sample was filtered (at room 
temperature) through a 2.5 x 87.5-cm Sephadex G-100 column 
equilibrated as well as eluted (25 ml h~!) with 5% formic acid. 
Consecutive 4-ml fractions were collected and their light 
absorbance at 280 nm determined. The diagram shows the 
protein elution profile from a typical experiment, in which 8.5 mg 
toxin was processed. Two distinct peaks emerge, the first repre- 
senting isolated subunit H and the second, bigger one subunit L. 
The amounts of applied toxin and eluted subunits were estimated 
from the absorbance values using the A},;,,,, coefficients! 11.4 for 
the toxin, 15.1 for subunit H and 9.56 for subunit L fractions. 
The fractions hatched in the diagram were pooled, dialysed 
against PBS (0.05 M phosphate, 0.14 M sodium chloride, pH 
7.2) at 4°C for 48 h, and then used as L-subunit toxoid. The 
inserted photograph illustrates the results obtained on testing 
samples of individual gel filtration fractions by sodium dodecyl 
sulphate—polyacrylamide gel electrophoresis (SDS-PGE), The 
samples were lyophilised, redissolved in 2% SDS-8M_ urea 
solution, incubated at 53 “C for 20 min and then processed by 
SDS-PGE’. Every second fraction from number 48 to 72 was 
tested. In addition, cholera toxin (CT) was included in two 
positions as a reference for the migration of subunits H and L. 
The arrow indicates start line and + the anode direction. 
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Table 1 Protective immunity and serum antibody titres in rabbits 
after immunisation with L-subunit and glutaraldehyde toxoids 


S Protection factor Serum 
Dose of toxoid No. of Live Crude antitoxin 
(ug) animals vibrios toxin titre 
L-subunit 
toxoid 
30 7 18 5.0 400,000 
15 4 10 2.5 130,000 
10 8 3:2 1.8 100,000 
7.5 5 1.3 1.4 25,000 
Glutaraldehyde 
toxoid 
30 4 5.0 1.6 20,000 
15 4 0.7 1.1 10,000 


New Zealand rabbits weighing 1.2-1.5 kg at the onset of immunisa- 
tion were used. The L-subunit toxoid was prepared as described in 
Fig. 1. The glutaraldehyde toxoid® (Wyeth; lot 20101) was provided 
by Dr C Miller of NiH. The antigens were injected s.c. without 
adjuvant in two 0.5 ml portions above the right and left posterior 
legs twice with a 2-week interval. A similar number of control rabbits 
as in the immunised group were injected with phosphate-buttered 
saline (PBS). Five days alter the booster injection the immunised 
and contro] animals were tested for susceptibility to experimental 
cholera. In each animal 21 about 5-cm long segments of the small 
intestine were ligated. Into each loop was injected graded doses 
(in l-ml volumes) of live cholera vibrios (strain 569B) or crude 
cholera toxin (V. cholerae 569B culture filtrate, NIH lot 4493G). 
Five doses of bacteria (10°-10*) and crude toxin (0.1-10 mg) were 
tested in duplicate at randomly chosen positions. The remaining 
loop was injected with | ml PBS and served as a negative control. 
Fluid accumulation in the intestinal segments was measured after 
15-18 h as ml fluid per cm intestine and ED, (dose of bacteria or 
toxin producing half-maximal intestinal filling) determined for each 
group of animals*. The protective effect of immunisation—the 
protection factor—was estimated as the ratio between the group 
ED, values for immunised and concurrently tested control animals. 
Serum antitoxin titres were determined by the enzyme-linked 
immunosorbent assay (ELISA)** on serum samples, pooled in each 
group, collected on the day of the intestinal challenge. 


11,000 each)’. The L subunits are responsible for the 
binding of toxin to the cell membrane but not for the sub- 
sequent activation of adenylate cyclase. Conversely, the H 
subunit is essential for toxicity but, because of its inability 
to bind to cells, it is inactive in the absence of L subunits”. 
The two types of cholera toxin subunits are immuno- 
logically unrelated". The subunits also differ markedly in 
immunogenicity so that immunisation with intact toxin 
gives rise to antisera which always react strongly with the L 
subunit but only irregularly and at low titre with subunit H. 
Furthermore, isolated anti-H subunit antibodies have very 
low cholera toxin-neutralising capacity in contrast to anti- 
bodies reacting with subunit L'*. Immunological protection 
by means of cholera antitoxin thus probably results from 
prevention of toxin binding to intestinal cell receptors 
rather than from interference with the ‘active site’ on the 
effector subunit. We have therefore directed our efforts to 
the preparation of pure L subunits and reaggregation of 
these subunits. Theoretically this should yield an almost 
ideal toxoid for immunisation, since the elimination of sub- 
unit H excludes the risk of reversion to toxicity without 
causing any significant loss of protective capacity. 

The method for preparation of L-subunit toxoid was 
based on the fact that the two types of subunit in cholera 
toxin can be isolated by gel filtration of toxin in acidic 
buffer’. Highly purified toxin, prepared essentially accord- 
ing to Finkelstein er al.'*, was treated with formic acid and 
the dissociated subunits separated on Sephadex G-100 
(Fig. 1). This resulted in an almost quantitative isolation of 
the toxin L subunits in pure form. In five different experi- 
ments the yield of L was 90-93% and contamination with 
subunit H could be excluded at a ‘level of 0.2% (w/w) using 
sensitive immunological methods. As determined with the 
rabbit skin” and mouse thymocyte cyclic AMP accumula- 
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Table 2 Increased duration of protection by immunisation with toxoid or toxoid-enriched cholera vaccine 





Protection factor Serum antibody titres 
Day 5 Day 21 Day 5 Day 21 
Live Crude Live Crude 
vibrios toxin vibrios toxin LPS Toxin LPS Toxin 
Cholera vaccine (4 x 10° killed vibrios) 10 Ll 2.0 1.0 120,000 < 500 300,000 < 500 
L-subunit toxoid (10 ug) 3.2 1.8 13 3.0 <500 100,000 <500 200,000 
Cholera vaccine + L-subunit toxoid 80 2.1 90 3.0 100,000 400,000 500,000 600,000 





Groups of 8-12 rabbits were immunised according to the schedule described in Table 1, Twelve concurrently PBS-injected rabbits served as 
controls. Half of the animals ineach group were challenged with live vibrios or crude toxin in alternating loops 5 d and the others 21 d after the 
booster immunisation. The protective enect of immunisation (the protection factor) and the serum antibody titres against V. cholerae lipo- 
polysaccharide (LPS) and enterotoxin were determined as in Table 1. 


tion assays", all batches of L-subunit toxoid had less than creased with increasing amounts, so that 30 ug gave an 


0.1% of the toxicity of intact toxin. approximately 20-fold increased resistance to live vibrio 

Radial immunodiffusion tests (Mancini) suggested that challenge and 5-fold protection against challenge with toxin. 
the L subunits in the toxoid, with retention of their full The glutaraldehyde toxoid was much less effective and also 
reactivity with antibody, were aggregated to a complex with gave rise to lower serum antibody titres than the L-subunit 
a diffusion rate similar to that of native toxin. This aggrega- toxoid (Table 1). Adsorption to aluminium phosphate did 


tion was demonstrated directly by thin-layer gel filtration in not significantly enhance the protective immunogenicity of 
Sephadex G-200 superfine’. The L-subunit toxoid migrated the L-subunit toxoid as tested with 10 ug of toxoid on 


as a single component with a rate faster than that of sub- 0.034 mmol of carrier. No side-effects of immunisation were 
unit H and there was no detectable toxoid protein filtering observed in any instance. 
at the rate which would be expected for the individual L V. cholerae enterotoxin and cell wall lipopolysaccharide 
subunits. (LPS) has been shown to induce a synergistic protective 
The toxoid was usually kept frozen in aliquots at — 30 °C, immunity against experimental cholera infection”. In 
and storage for more than 18 months did not result in agreement with this, combinations of L-subunit toxoid and 
detectable changes according to the immunological, physio- conventional cholera vaccine or purified LPS were found to 
chemical and biological criteria mentioned above. In the induce a level of protection against intestinal challenge with 
presence of 0.01% merthiolate the toxoid has been stable live vibrios which equalled or exceeded the product of the 
at 4 °-8 °C for more than 6 months. immunity attained with the individual antigens (Fig. 2). 


The immunogenicity of the L-subunit toxoid was studied Challenge in alternate loops with crude toxin (not shown) 
in rabbits and compared with that of the recently field tested revealed that the somatic antigens neither gave rise to any 


glutaraldehyde toxoid. Two subcutaneous (s.c.) immunisa- antitoxic immunity nor enhanced the efficacy of the toxoid 
tions with 10 ug of L-subunit toxoid in each injection component in protection against toxin. Furthermore, the 
induced significant protection (Table 1). The effect in- serum antibody titres induced by the antigens in the mixture 
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Fig. 2 Synergistic protective effect of immunisation with combinations of V. cholerae somatic antigen and L-subunit toxoid. Three experi- 
ments are presented, each comprising four groups of four to eight rabbits. One group received PBS injections only, and the others were 
immunised according to the schedule described in Table 1 with, respectively, somatic antigen (killed- Vibro cholerae vaccine (C.V.) in two 
doses, or purified V. cholerae lipopolysaccharide (LPS)), L-subunit toxoid (L-tox.), or the somatic antigen and toxoid in mixture. Five 
days after immunisation intestinal challenge with graded doses of live vibrios was performed as described in Table 1 and ED; was deter- 
mined for each animal. The means +s.e.m. of the individual ED, values of bacteria are shown for each group of rabbits. The figures on 
top of the bars are the ratios between the mean EDs, for immunised animals and the mean ED5o for the PBS-injected control rabbits, 
that is, the fold-increase protection achieved by immunisation. The cholera vaccine (National Bacteriological Laboratory, Stockholm) 
contained equal numbers of phenol-killed Inaba and Ogawa vibrios. The LPS was purified from V. cholerae 569B by means of hot 
phenol—water extraction and ultracentrifugation®*. 


did not differ significantly from those produced by the 
respective antigens alone. These data indicate that the 
synergistic protective effect obtained by immunisation with 
toxoid and somatic antigen in combination is not due to en- 
hancement of the antitoxic and antibacterial immune 
responses in themselves. Instead, it probably results from 
the interference of the immunity with two separate events 
of pathogenic importance, that is, the mucosal adhesion 
of cholera vibrios and binding of enterotoxin to specific 
membrane receptors”. 

As in humans, the conventional vaccine gave rise only to 
short-term protective immunity in rabbits. The immunity 
against challenge with live vibrios decreased markedly 
between day 5 and 21 after the booster injection, in spite of 
a slight increase in the serum anti-LPS antibody titre (Table 
2). In contrast, a combination of L-subunit toxoid and 
vaccine gave rise to immunity which rather increased 
during this period. This was probably due to a sufficient rise 
in the antitoxic immunity induced by the toxoid component 
to compensate for the rapid decrease in antibacterial 
immunity, as immunity induced by L-subunit toxoid alone 
increased substantially from day 5 to 21 (Table 2). 

In conclusion, a subunit cholera toxoid having no risk 
of reverting to toxicity has been developed. Vaccination 
with a mixture of this toxoid and killed vibrios should result 
in more effective, longer lasting immunity against cholera 
than that given by immunoprophylactic agents used pre- 
viously. Studies in progress suggest that inexpensive large- 
scale production may be possible by preparing the subunit 
toxoid from crude toxin preparations. 

We thank Dr Charles Wadsworth for performing the 
thin-layer gel filtration analyses. This work was supported 
by the Swedish Medical Research Council and the WHO. 
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Polymorphism of apolipoprotein E and 
occurrence of dysbetalipoproteinaemia in man 


PRIMARY dysbetalipoproteinaemia (broad-8 disease, hyper- 
lipoproteinaemia type Il) is a familial disorder of plasma 
lipoprotein metabolism associated with xanthomatosis and 
early onset of severe atherosclerotic vascular disease’. 
A defect in the catabolism of triglyceride-rich lipoproteins 
probably underlies the accumulation of atypical cholesterol- 
rich lipoproteins (very low density Æ lipoproteins, 
‘B-VLDL’) in the S; 12-400 density fraction’*. The 
disorder is assumed to be rare* and we have provided 
evidence for an autosomal recessive mode of inheritance™*’, 
Patients show a variant of one major protein component 
(Apo E) of VLDL”, Apo E is a glycoprotein of molecular 
weight ~ 39,000 that splits into three main bands designated 
E-I (pI~5.3), E-II (pI~5.4) and E-III (pI~5.55) in iso- 
electric focusing’. The Apo E variant is characterised by 
a deficiency of Apo E-III in triglyceride-rich lipoproteins. 
We report here that Apo E shows a genetic polymorphism 
determined by two alleles Apo E" and Apo E’. About 1% 
of the German population is homozygous for the allele 
Apo E* and exhibits Apo E-III deficiency. All individuals 
of this genotype have a primary dysbetalipoproteinaemia 
but not necessarily hyperlipidaemia, This is therefore the 
most frequent monogenic dyslipoproteinaemia known in 
man. 

A simple method for the detection of Apo E patterns 
without ultracentrifugation that allows the selective recog- 
nition of patients with dysbetalipoproteinaemia in a hyper- 
lipidaemic group (refs 9, 11 and unpublished work of G.U., 
M.H., G. Mühlfellner, N. Pruin and K. H. Vogelberg) has 
been applied to evaluate Apo E patterns in 490 blood 
donors from Marburg/Lahn. VLDL was precipitated 
from Iml of serum by addition of S50ul of a 
5% aqueous heparin solution and 504l 2M MgCh. 
Crude VLDL was isolated by low-speed centrifugation, 
resuspended in 0.5ml 0.02M Tris-HCl, 0.1M NaCl, 
0.017M sodium citrate pH 7.7 and reprecipitated by 
addition of 254l 2MMgCl. VLDL was extracted with 
chloroform—methanol, 2 : 1 (v/v). Apo VLDL was solubilised 


Fig. 1 Analytical isoelectric focusing (pH 3.5-10 in polyacryl- 
amide gels containing 6 M urea) of nine individual apo- VLDL 
preparations demonstrating the different Apo E phenotypes 
Apo E-N (a, c, g), Apo E-ND (b, d, e, f) and Apo E-D (A, i). 
The additional cathodic band (pI~5.75) in gels ¢, d, f represents 
a further independent genetic marker (Apo E-IV(+-)}-variant) 
that had a frequency of 26.9% in the population sample studied 
and is transmitted as an autosoma! dominant trait'? (see also 
ig. 3). 
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Fig. 2 Distribution of Apo E patterns according to Apo E-II/ 
E-HI ratios (densitometric areas) in individual apo VLDL 
samples (n= 181) that have been evaluated by scanning densito- 
“metry. Each square represents one individual. Probands with 
features of dysbetalipoproteinaemia are marked in black. 
Insert: representative densitometric scans of stained focusing 
gels demonstrating the three common Apo E phenotypes Apo 
E-N (a), Apo E-ND (6) and Apo E-D (c). Only the Apo E region 
is shown. The pl values of the individual bands determined by 
flat bed isoelectric focusing in granulated gels were ~5.3 (E-I), 
~5.5 (E-H) and ~5.55 (E-HI), (U. Beisiegel and G.U., unpub- 
lished)and differed slightly from those determined in the analytical 
polyacrylamide gels?*, 


in 200 wl 0.02 M Tris-HCl, 8M urea, pH 8.2 and subjected 
to isoelectric focusing in a pH gradient from 3.5-10 in 
polyacrylamide gels containing 6M urea. Protein bands 
were stained with coomassie brilliant blue and evaluated 
by scanning densitometry. 

Three phenotypes, Apo E-N, Apo E-ND and Apo E-D 
(E-I deficiency pattern) were differentiated on the basis 
of the Apo E-II/E-IIl ratios (Figs 1 and 2). The ratio was 
0.40+0.07 for phenotype Apo E-N, 1.02+0.25 for pheno- 
type Apo E-ND and 9.07+4.48 for phenotype Apo E-D. 
No overlap was observed between the distinct groups in 
this study. 

In control experiments VLDL was isolated by con- 
ventional preparative ultracentrifugation from individuals 
of phenotypes Apo E-D (n=5) and Apo E-ND (n=51) 
and from a control group of the same size. All individuals 
were in a fasting state. In all cases the previous diagnosis 
was confirmed. The demonstration of Apo E phenotypes 
is therefore independent of the method used for isolation 
of VLDL. The frequencies of the three common Apo E 
phenotypes were 83,3% for Apo E-N, 15,7% for Apo 
E-ND and 1,0% for Apo E-D. 

Apo E patterns were determined in three kindreds of pro- 
bands of phenotype Apo E-D (Fig. 3). The segregation of 
Apo E phenotypes among children from different parental 
matings is consistent with a simple Mendelian mode of 
transmission where two alleles determine the three pheno- 
types Apo E-N, Apo E-ND and Apo E-D. Considered 
together, the population and family data show that, in 
man, genetic polymorphism of apolipoprotein E is governed 
by two common autosomal alleles Apo E® (frequency 
0.9112) and Apo E* (frequency 0.0888). The observed 
frequencies of the three phenotypes are in good agreement 
with those expected according to Hardy—Weinberg’s law. 
No significant differences between females (n==144; 
Apo E*"=0.9201) and males (n=346; Apo E°=0.9075) 
were observed. 

The frequency of the allele Apo Et, however, was 
unexpectedly high. We therefore investigated whether the 
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homozygous probands of phenotype Apo E-D detected had 
dysbetalipoproteinaemia. Analysis of the composition of 
the main lipoprotein fractions of all five probands in com- 
parison with a control group of 94 subjects of phenotypes 
Apo E-N (n=43) and Apo E-ND (n=51) showed that 
they in fact represented a biochemically distinct group 
with abnormalities in their lipoprotein spectrum charac- 
teristic of dysbetalipoproteinaemia. These were (1) an 
abnormal quantitative distribution of lipoproteins (demon- 
strated by density gradient centrifugation) with reduced 
levels of LDL and elevation of VLDL and also inter- 
mediary density lipoprotein levels (Fig. 4); (2) a markedly — 


reduced or absent LDL band in polyacrylamide gelo 


electrophoresis (Fig. 5); (3) presence of ‘B-VLDIL. iñ the 
d <1.006 g ml` fraction in the ultracentrifuge (Fig. 5) and. 
(4), an increase in the relative and absolute concentrations 
of cholesterol in VLDL (Table 1). Thus all probands had 
dysbetalipoproteinaemia according to the ‘floating-B test’ 
and also according to at least one of the lipid-chemical 
definitions recently proposed for the disorder, How- 
ever, none had hypercholesterolaemia and only three had 
mild hypertriglyceridaemia: total serum cholesterol levels 


Fig. 3 Pedigrees of three kindreds demonstrating the segregation 
of Apo E phenotypes. Propositi were a A.W. (Wa-kindred); 
b, B.Z. (Z-kindred) and c, M.B. (Ba-kindred) (see Table 1). 
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Fig. 4 Profiles of lipoprotein cholesterol after density gradient 
centrifugation of 4 ml of serum from a normolipidaemic control 
subject (a), a hyperlipidaemic proband of phenotype Apo E-D 
(b), and a normocholesterolaemic proband of phenotype Apo 
E-D (c). Centrifugation was performed in a SW-41 rotor at 
40.00 r.p.m. for 24 h at 4 °C. The gradient was from 1.006 g ml“ 
to 1.21 gml KBr and prepared according to Redgrave et 
al.'*. Fractions were collected from below and cholesterol 
determined with the enzymatic method of Roeschlau!*. — - — ~, 
Absorbance at 405 nm of 3,5-diacetyl-1, 4-dihydrolutidine the 
endproduct in the enzymatic test for cholesterol. — . — . — ., 
Density. 


black B?’ from two controls of phenotype Apo E-N (a, b) and two 
probands of phenotype Apo E-D (c, d). The poor staining of the 
HDL-band in gels c and d indicated a decrease in the concentra- 
tion also of this component but was not seen in all individuals 
of phenotype Apo E-D. Chyl, Chylomicrons. Right: Agarose 
gel electrophoresis of sera (a), VLDL (b) and fraction d> 1.006 
g ml~ (c) from a control subject (A) and a proband of pheno- 
type Apo E-D (B). Staining sudan black B. 


were abnormally low in the three probands under age 30 yr. 
From a study of subjects with primary hypocholesterolaemia 
where about 10% were of phenotype Apo E-D (compared 
with 1% in the general population observed in this study) 
we have additional evidence that young individuals of 
phenotype Apo E-D represent a novel genetic form of 
hypocholesterolaemia with hypobetalipoproteinaemia (G.U., 
H. Kaffarnik, and N. Pruin, in preparation). According 
to the data presented here the gene frequency for 
dysbetalipoproteinaemia (including hypo-, normo- and 
hypercholesterolaemic subjects) is 0.089 in the German 
population sample studied. This high frequency explains 
the occurrence of vertical transmission of dysbetalipo- 
proteinaemia™** as pseudo-dominance (see Z-kindred in 
Fig. 2 and refs 9, 10). 

In contrast to the high frequency of dysbetalipo- 
proteinaemia in the population, individuals of phenotype 
Apo E-D that have gross hyperlipidaemia and xanthomatosis 
seem to be rare. Studies in progress in our laboratory 
indicate that additional mutant genes for other forms of 
familial dyslipoproteinaemia (familial combined hyper- 
lipidaemia, familial hypertriglyceridaemia, familial hyper- 
cholesterolaemia) are operating in those patients that have 
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Table 1 Clinical data on the five probands of phenotype Apo E-D 


a IIIa 


m VLDL* 
Subject Age/sex Cholesterol Triglycerides Cholesterol Triglycerides VLD Lenta ChvyrpoL/TGserum B-VLDL 
(mg per 100 ml) (mg per 100 ml) (mg per 100 ml) (mg per 100 ml) 

B.Z. 24/M 89 77 23 61 0.38 0.3 
B.Th. 26/M 128 157 64 83 0.77 0.41 Ea 
M.B. 28/F 113 78 42 45 0.94 0.54 oo 
G.W. 60/M 196 141 41 66 0.61 0.27 Ea 
A.W. 65/F 177 175 42 74 0.53 0.24 kS 
Mean +s.d. 141 +45 128 +-47 42415 66+14 0.65 +0.22 0.35+0,12 

Controls +s.d. 191 +31 102+34 17+6 59439 0.32+0.15 0.17+0.07 


a 


A group of six age- and sex-matched blood donors of phenotype Apo E-N served as controls. 
*VLDL was isolated from 200-250 ml of serum to get reliable data and lipid values are given as mean of direct and indirect determinations. 
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developed severe clinical manifestations. One of the most 
intriguing questions is whether probands of phenotype 
Apo E-D that have dys- but not hyperlipoproteinaemia 
are also at risk to develop premature atherosclerosis. 
This work was supported by the Deutsche Forschungs- 
gemeinschaft. The technical assistance of Miss H. Bliider 
is. gratefully acknowledged. 
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Human serum lipoproteins activate 
adipocyte plasma membrane adenylate cyclase 


Brown and Goldstein’ and Stein et al’, have shown 
evidence for the role of a specific cell surface receptor in the 
binding and catabolism of serum low-density lipoproteins 
(LDL) by cultured human fibroblasts. This receptor does 
not seem to be unique to fibroblasts however, since it has 
been shown that circulating human lymphocytes’, human fat 
cells’ and cultured smooth muscle cells’ may also bind LDL; 
also, binding sites for LDL and very low density lipoproteins 
(VLDL) seem to be present in crude membrane prepara- 
tions from various organs and tissues of the pig®. These 
findings suggest that lipoprotein receptors are ubiquitous in 
mammalian cells and raise the possibility that occupancy of 
such surface binding sites might modify some aspect of 
membrane function. Evidence for an alteration of mem- 
brane function by lipoproteins was recently reported by 
Shore and Shore’, who observed that human serum VLDL 
and LDL were capable of specifically activating the human 
erythrocyte membrane Mg?*-ATPase. 

The plasma membrane of the adipocyte is intimately in- 
volved in lipid metabolism, particularly as a result of its role 
in the hormone-sensitive adenylate cyclase—triglyceride 
lipase system”. Since the properties and enzyme activities 
of this membrane may be modified by the components of its 
external environment, it seemed possible that circulating 
lipoproteins might affect its function. We describe here the 
activatory effect of human serum lipoproteins on the adenyl- 
ate cyclase system of plasma membranes from human and 
rat adipocytes. 

Adipocytes were isolated by collagenase digestion? from 
the epididymal fat pads of male Wistar rats (150-180 g), 
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Fig. 1 Adenylate cyclase activity of plasma membranes from rat 
and human adipocytes as a function of serum lipoprotein 
concentration. The final incubation medium (50 pl) for the 
adenylate cyclase assay contained j0.2 mM [a°*P]-ATP (0.5 pCi) 
(Radiochemical Centre, Amersham), 5 mM MgSO, | mM 
cyclic AMP, 1 mM EDTA, | mM dithiothreitol, 50 mM Tris- 
HCI (pH 7.8), an ATP-regenerating system consisting of 10 mM 
phosphocreatine (di-Tris salt, Sigma) and 0.5 IU creatine 
phosphokinase (Calbiochem). Plasma membranes from rat 
adipocytes (2 ug protein (a) ) or from human adipocytes (1.5 jig 
protein (6)) were added to the reaction mixture {containing 
0.2 mM ATP). Preincubation was carried out for 15 min at 30 °C 
in the presence of LDL (C) or VLDL (@); lipoprotein samples 
were added in a volume of 10 yl. At the end of the preincubation 
period, labelled ATP was added and the reaction allowed to 
proceed for 10 min at 30 °C. The accumulation of labelled cyclic 
AMP was linear as a function of time. The reaction was 
terminated according to White? and the °*P labelled—cyclic 
AMP was isolated by column chromatography on neutral 
alumina’’. Each determination was performed in duplicate. 
Results are expressed as pmol cyclic AMP formed per min 
per mg protein. The amount of ATP present at the end of the 
incubation was determined by thin-layer chromatography on 
polyethyleneimine-cellulose developed in 1 M LiCl. In these 
conditions, residual ATP amounted respectively to 92%, and 
96% of its original concentration, in the absence and in the 
presence of 260 pg VLDL protein per ml. The product formed 
in the reaction mixture was identified as authentic ?*P-cyclic AMP 
by three procedures: (1) it migrated together with authentic 
cold cyclic AMP on cellulose plates developed in | M ammonium 
acetate and 95% ethanol (1/2.5, v/v); (2) the product of the 
reaction had the same specific activity when isolated either by 
the routine method described above or after twochromatographic 
steps through Dowex AG 50 W-X8 (Htform) and neutral 
alumina; and (3) 90% of the *°P labelled product isolated in 
the presence or the absence of lipoproteins in the assay medium 
of adenylate cyclase was hydrolysed by 3’, 5’-cyclic AMP 
phosphodiesterase from beef heart (Sigma, 20 yg; 20 min 
incubation at 30 °C). 
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Table 1 Activation by human serum VLDL of adenylate cyclase from rat adipocyte plasma membranes at several ATP and Mg** concentrations 





Adenylate cyclase activity 
(pmol cyclic AMP per mg protein per min +: s.e.)* 


Mg?** (mM) 
l 5 50 
ATP 0 | VLDL 0 VLDL 0 VLDL 
(uM) (200 pg mi~?) (200 pg mi~?) (200 pg ml ~+) 
10 2.8+0.6 6.6+0.4 (137) 16.6+1.2 27.5 +0.9 (66) 13.1+-0.2 20.1 +0.6 (53) 
50 6.8 £0.7 13.6 1.5 (99) 40.2 1.6 68.5 + 1.5 (70) 54.5 40.1 79.5 +0.1 (46) 
200 6.6 = 2.2 7.6=0.6 (15) 61.3 58.8 96.7 = 6.2 (58) 127.8 52.1] 181.5 5-0.2 (42) 


Rat fat cell membranes (1.5 ug of protein) were incubated in the experimental conditions described in the legend to Fig. 1. The numbers in 
parentheses represent percentage cyclase activation relative to the basal level. 


* Standard error of triplicate determinations. 


while human adipocytes were prepared from subcutaneous 
fat obtained at surgery. Plasma membranes were separated 
as previously described". Lipoproteins were isolated at 
5° C from the sera of normolipidaemic adult donors by 
sequential preparative ultracentrifugation (see Havel 
et al.''): the detailed conditions have been previously out- 
lined’. The density intervals used for the various fractions 
were: VLDL, d<1.006 g mit; LDL, d 1.024-1.045 g ml`' and 
high-density lipoprotein (HDL), d 1.080-1.210g ml‘. All 
fractions were extensively dialysed at 5 °C against a solution 
containing 150mM NaCl, 0.5mM NaEDTA and 5mM 
Tris-HCI at pH 7.5. 

Human serum VLDL and LDL stimulated the basal acti- 
vity of adenylate cyclase from human and rat adipocyte 
plasma membranes (homologous and heterologous 
systems respectively) in a dose-dependent manner (Fig. 1). 
Such activation was a saturating phenomenon; half- 
maximal activation occurred in the concentration range of 
50-100 ug VLDL or LDL protein ml”! (Fig. 1). The stimula- 
tion of basal adenylate cyclase activity by VLDL was more 
potent than that elicited by LDL. The effect of HDL on 
enzyme activity was always inferior to or equal to that of 
LDL (data not shown). 

The degree of activation of the adenylate cyclase system 
in a given membrane preparation varied with VLDL 
isolated from different sera. For example, the same human 
membrane preparation studied with three separate VLDL 
samples (protein concentration 150 ug ml”), elicited acti- 
vations amounting to 250%, 1.400% and 1.970%, respect- 
ively of that of the basal adenylate cyclase activity deter- 
mined in standard conditions (for details see Fig. 1 
legend). Such observations may probably be attributed to 
variations in the relative proportions of the different particle 
species present in each VLDL fraction. A more constant 
but lower degree of stimulation by human VLDL was 
found in experiments with plasma membranes from rat 


adipocytes (78+13°%, mean value + sem., n= 6 for 4 
membrane preparations), that is, in the heterologous system. 

The effect of substrate concentration on cyclase stimula- 
tion by VLDL was examined by variation of the ATP con- 
centration in the range 10-200 HM at several Mg*’ con- 
centrations in the assay medium. The results indicated a 
strong substrate (MgATP) dependency of the cyclase acti- 
vation by VLDL which occurred at an Mg** concentration 
of mM: at higher Mg** concentrations, the extent of 
enzyme activation by VLDL was essentially unchanged 
in the range 10-200 uM ATP (Table 1). 

The possibility that lipoproteins could also modify the 
cyclic AMP-phosphodiesterase activity in the membrane 
preparations was investigated. The adenylate cyclase 
activity measured in the presence of | mM cyclic AMP was 
only 10-15%, above that observed in its absence and the 
extent of cyclase activation by lipoproteins was unaffected 
by the presence of cyclic AMP. Also, additional experi- 
ments indicated that VLDL were without effect on the 
membrane phosphodiesterases of low and high Km, whose 
activities were measured by the method of Thompson and 
Appleman“ (data not shown). We conclude therefore that 
the increased synthesis of “P-labelled cyclic AMP which 
we have observed results specifically from an effect of serum 
lipoproteins on the adenylate cyclase system. 

Activation by serum lipoproteins of adenylate cyclase in 
both homologous and heterologous experimental systems 
also occurred when the enzyme was maximally stimulated 
by 0.1 mM adrenaline (bitartrate), by 10 mM fluoride ion or 
by 0.1mM_ guanylyl (8,y-methylene)-diphosphonate (Gpp 
(CHp) (Table 2). These findings show that serum lipo- 
proteins do not seem to modify the responsiveness of the 
cyclase system to hormones or other effectors; similar effects 
have been reported in other systems following the addition 
of polycationic peptides’® or after limited proteolysis”, Our 
present observations are, however, consistent with the sug- 
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Table 2 Effect of human serum VLDL and LDL on adenylate cyclase activity in human and rat fat cell membranes stimulated by adrenaline, 
fluoride ion and Gpp(CH,)p 





Adenylate cyclase activity 
(pmol cyclic AMP per mg protein per min + s.e.)* 


Plasma Addition None 
membranes (basal) 
0 2.5+0.5 
Human VLDL 25.8+1.5 
LDL 11.8+41.5 
0 92.04-2.3 
Rat VLDL 175.041.6 
LDL 112.341.5 


Adrenalin NaF Gpp(CH,)p 

(0.1 mM) (10 mM) (0.1 mM) 
3.5+40.6 30.347.2 14 
28.643.2 220.0 +-22.6 

16.0+0.8 158.0+34.0 

391.0+31.0 434.04 14.3 

§93.04+-18.2 874.04 52.1 

$08.0 +-21.2 n.d. 
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The experimental conditions were as described in the legend to Fig. 1, except that incubation was performed at 37 °C; the ATP and Mg?* 
concentrations were 0.2 mM and 5 mM respectively; the amount of membrane protein incubated was 2.2 pg (rat) and 1.5 ug (human). The 


concentration of lipoproteins was 200 ug protein mi~. 
* Standard error of triplicate determinations. 
n.d., Not determined. 
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gestion that VLDL transform the catalytic site of the 
cyclase into an activated state, in which it retains its sus- 
ceptibility to stimulation by various effectors. 

The mechanism involved in the observed activation by 
serum lipoproteins of the adenylate cyclase system in adipo- 
cyte plasma membranes remains indeterminate. The effect 
may. however, be dependent on some aspect of the native 
lipoprotein molecule, since isolated phospholipids (egg yolk 
lecithin and lysolecithin; added at concentrations equivalent 
to their content in native VLDL) lead to inhibition of the 
adenylate cyclase activity in fat cell membranes (pre- 
liminary observations). The observed activation of the 
adenylate cyclase system. by VLDL might occur via an inter- 
mediate coupling step, involving lipoprotein binding sites 
on the adipocyte plasma membrane. Thus it seems likely 
that the apoprotein would be directly concerned, as has been 
demonstrated in the activation of the erythrocyte membrane 
Mg” -ATPase by VLDL (ref. 7). Alternatively, the activa- 
tion of plasma membrane adenylate cyclase might occur by 
virtue of a physicochemical interaction between the serum 
lipoprotein particles. themselves and plasma membranes. 
Thus, evidence has been. provided for the exchange and 
transfer of cholesterol and of phospholipids between serum 
lipoproteins and a variety of cell membranes (for a review 
see ref. 18). Such processes, which may occur in vivo, may 
maintain or modify membrane fluidity and are thus impli- 
cated in the modulation of the immediate environment of 
the cyclase system: several lines of evidence indicate 
that the catalytic activity’?! and hormone responsive- 
ness: of the adenylate cyclase system are strongly 
dependent on the nature of its surrounding lipids. 

Papahadjopoulos” has suggested that serum f-lipoproteins 
may regulate the activity of several key membrane-bound 
enzymes, such as the (Na*+K*) ATPase and adenylate 
cyclase. This hypothesis is consistent with the present obser- 
vations which indicate that serum lipoproteins may stabilise 
or modify the adenylate cyclase system of fat cell mem- 
branes. 

Dominique Lagrange and Francoise Lecot gave excellent 
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typescript. We gratefully acknowledge Dr M. H. Laudat for 
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ported by a grant from the Délégation Générale à la 
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Medical Research Council. 
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Interaction of a fluorescent probe with 
acetylcholine-activated synaptic membrane 


GRUNHAGEN and Changeux have shown! that Torpedo mem- 
brane fragments stained with the antimalarial, quinacrine, showa ` 
rapid increase in fluorescence after mixing with cholinergic 
agonists (see ref. 3). These authors suggest that the fluorescence 
intensity of quinacrine associated with cholinergic receptors 
increases during the transition of the receptor from its resting to its 
active state. We report here an electrophysiological analysis of the 
kinetic behaviour of the postsynaptic membrane of intact verte- 
brate muscle fibres treated with quinacrine. The kinetic data from 
the fluorescence and electrophysiological experiments show re- 
markable parallels, and we suggest that both experimental. pro- 
cedures reveal the binding of quinacrine to the activated receptor. 
The experiments were carried out at room temperature 
(20-23 C) on frog endplates using the voltage jump relaxation 
technique* `. An endplate was voltage- -clamped using a con- 
ventional two- electrode arrangement. The endplate current in- 
duced by iontophoretic or bath application of acetylcholine (ACh) 
or carbachol was measured either using extracellular focal record- 
ing*. oras the total current after subtracting current flowing inthe 
absence of agonist®. The first set of experiments was performed 
using focal current recording and iontophoretic ACh application. 
The focal recording method yields very small currents recorded 
during voltage steps in the absence of agonist (upper traces in: Fig. 


la, b, ¢). During ACh action but before treatment with quinaerine?. z 


control relaxations were obtained by stepping the membrane 
potential to a new level and observing the resulting changes in 
agonist-induced current (Fig. la). Following a step hypër- 
polarisation (marked by a downward arrow) the agonist-induced 
current jumps very rapidly from its previous steady level tọ thenew 
level expected from the change in driving force on those channels 
that are already open just before the jump. The current then 
increases exponentially to a new steady level. as the ACh-evoked 
conductance increases from the equilibrium level appropriate to 
the original holding potential to the level appropriate to the 
potential during the jump. This conductance increase reflects 
opening of additional endplate channels. Over the range of agonist 
concentrations used in the present study, the normal open--close 
kinetics of the channel behave as if a single molecular inter- 
conversion takes place 


i 
closed = open (1) 


x 


The forward rate constant is increased by increasing the agonist 
concentration®® and the back rate constant is decreased by 
hyperpolarising the membrane”. 

in the presence of 0.5 uM quinacrine. the time course of the fast 
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Fig. } Effect of quinacrine (0.5 4M) on relaxations induced by 
rectangular voltage jumps (from —60 mV to — 100 mV at the 
downward arrow, and back to ~ 60 mV at the upward arrow) during 
the action of iontophoretically applied ACh at a voltage-clamped 
sartorius endplate. Membrane current was recorded as the potential 
difference between a Ringer-filled fire-polished micropipette placed 
on the nerve terminal and a similar reference micropipette nearby. 
Downward deflections represent inward membrane currents. In each 
pair of traces. the upper trace shows the negligible leakage current 
during voltage jumps in the absence of ACh. The lower traces show 
responses to jumps during ACh iontophoretic applications (the 
absolute vertical shift between the upper and lower traces does not 
indicate the absolute value of the ACh-induced current at — 60 mV). 
a, Control in the absence of quinacrine: $, and c, in the presence of 
0.5 uM quinacrine. The same agonist dose was applied ina, band c. A 
short jump was applied in g and $ (25-ms time calibration), and a long 
jump in c (l-s time calibration), The extra ACh current which 
normally develops during the step was greatly decreased in the 
presence of quinacrine. In c, an additional slow inactivation process 
reflecting desensitisation shows up as an inclined base line. Miniature 
endplate currents are visible in the left-hand traces. 


increase in conductance following a step from —60mV to 

© 100 mV was little changed (Fig. ab). The initial relaxation, 
however. was now followed by a slow decrease in current (Fig. 1b). 
and if the hyperpolarisation was maintained, the extra agonist- 
induced current fell back to a low level (Fig. Jc). Inactivation of 
agonist-induced current following a step hyperpolarisation was 
not seen in the absence of quinacrine in the conditions of the 
present experiments. On stepping back from —100mV_ to 
— 60 mV (upward arrows) there occurred. successively. a very fast 
ohmic decrease in current, a fast relaxational decrease in current 
and finally a slow increase in current (Fig. b and c). When 
applying ACh iontophoretically, the slow relaxation was not 
always exponential. probably because of local variations in 
agonist concentration or concurrent desensitisation. 

The slow relaxation was then studied in more detail using bath 
agonist application, total current recording and a fixed quinacrine 
concentration of | 4M. In these conditions (Fig. 2). the slow 
relaxation, measured after subtracting currents flowing during the 
step in the absence of agonist, was exponential. Its time constant 
became smaller as the concentration of agonist (ACh orcarbachol) 
was increased (Figs 2 and 3). The times for half decay of the slow 
relaxation for —60 mV to ~140mV jumps are shown as a 
function of agonist concentration in Fig. 3. Individual half-decay 
times ranged from 2 to 0.04 s. Higher concentrations of carbachol 
than of ACh were needed to give equal half-decay times. 

Our results show that even at low concentrations. quinacrine 
profoundly modifies the normal kinetic behaviour of the cholino- 
ceptive membrane, and that in steady-state conditions, it gives rise 
to a blocking effect more pronounced at more hyperpolarised 
potentials. This effect of quinacrine at the endplate strikingly 
resembles the action of procaine on Aplysia neurones!®. and may 

thus reflect the local anaesthetic action of quinacrine postulated by 
Griinhagen and Changeux!!. 

The kinetic data reported here. obtained electrophysiologicalls, 
and those revealed by fluorescence” 7. display resemblances when 
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using the same two agonists. in spite of differences in the techniques 
and preparations used. Since in the present experiments the slow 
process corresponds to a decrease in conductance. it is possible 
that the fluorescence increase seen when adding the agonist to 
microsac suspensions and which has a similar slow time course, 
does not monitor directly the activation of the receptor. Instead, 
we propose that quinacrine. like other local anaesthetics! >>, 
blocks activated receptor-channel complexes. One interpretation 
of the voltage dependence of the quinacrine effect would thus be 
voltage sensitivity of the partitioning of cationic quinacrine 
between the external membrane surface and a blocking site within 
the channel '*. 

In the presence of quinacrine. the scheme describing endplate 
channel kinetics can be modified to 


B t 
closed = open = blocked (2) 
x h 


This scheme predicts two relaxation processes, as observed. It may 
be shown that if the two relaxation times are well separated, 
scheme 2 leads to the following expressions for the fast (tp) and 
slow (1) relaxation time constants 


lit, = 2+ B4f/+b 
Bf+ab+ Bb 
“ a+B+f+b 

In our experiments, the time constant of the control relaxation, 
Lip +), was very similar to that of the fast relaxation in the 
presence of quinacrine. This implies (B+0) > (f+). With this 
condition the equation for t, simplifies to yt, = /B(P+a)+h. 
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Fig.2 Slow quinacrine-induced relaxations during bath appli- 
cation of ACh to a voltage-clamped frog muscle endplate. ACh 
responses to fast agonist superfusion had times to peak less than 10 s. 
In each pair of traces, the upper trace shows the total clamp current 
recorded in the absence of ACh before, during and after rectangular 
hyperpolarising voltage jumps (from —60 mV to — 140 mV, down- 
ward arrow, and back to - 60 mV, upward arrow). Apart from the 
initial capacity transients. the passive currents are almost constant 
during the jumps. The lower traces in each pair show inward currents 
recorded during ACh action at I-s time calibration, except for the 
beginning of each trace which shows the onset of the response to ACh 
perfusion (A) at a tenfold slower time base. The difference between 
the upper and lower traces in each block represents the ACh-induced 
endplate current. In the absence of quinacrine (a) the additional ACh- 
induced (2 4M) current flowing during the step is well maintained. In 
the presence of | uM quinacrine (b). the ACh current is not well 
maintained and shows a progressive decrease. This slow relaxation is 
clearly faster for 4 4M ACh than for 2 uM. Note that the current at 
the holding potential evoked by 2 4M ACh is only slightly depressed 
by quinacrine. The fast relaxations in the absence and the presence of 
quinacrine cannot be resolved with total current recordings. In all 
bath application experiments using ACh, endplate cholinesterase was 
inactivated by a 90-min treatment with methyl.O-ethyl, 
S-ethyldipropylamine phosphorothiolate at 0.5 uM. followed 
by extensive washing. After the treatment, 25-30 #M carbachol was 
needed to match the response to I 4M ACh; this was used as an 
indication of cholinesterase block. Cholinesterase was blocked so 
that the ACh concentration in the synaptic cleft would equal the bath 
concentration. 
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Fig.3 Mean half-decay times (evaluated from semilog plots of 
relaxing currents) of slow quinacrine-induced relaxations at 
~ 140 mV membrane potential. The quinacrine concentration was 
I aM, and the agonists were applied in the bath. The bars show + 2 
s.c.m., where this exceeds the symbol size. Experiments were from 13 
Rana pipiens fibres. The agonist concentration (abscissa) is on a log 
scale. The data were plotted in this manner to facilitate comparison 
with Fig. 2 of ref. 2. @, Acetylcholine: ©. carbachol. 


Noise and relaxation experiments®"* in the absence of quinacrine. 
which provide a direct measure of (f +2). show that f increases 
monotonically as the agonist concentration is increased. in a range 
comparable with that used here. Our model therefore predicts the 
monotonic decrease in t as the agonist concentration is increased 
(Fig. 3). The observation that for high agonist concentrations t, 
seems to reach a limiting value which is larger for carbachol than 
for ACh (Fig. 3 and Fig. 2 of ref. 3) suggests that carbachol cannot 
open all the endplate channels, even when acting at high con- 
centration. In this model. the electrophysiological and fluores- 
cence data are to be interpreted in slightly different terms. since the 
first would reflect the number of conducting channels remaining 
after quinacrine treatment. whereas intensity of fluorescence 
would directly monitor the amount of quinacrine bound to the 
receptor~channel complex. 
This work was supported by grants from the CNRS. the 
DGRST and the ISERM. We thank Rhone-Poulene for 
quinacrine. 
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Role of intracellular calcium in the transient 
outward current of calf Purkinje fibres 


CALCIUM-activated currents are known in red blood cells’. 
invertebrate neurones”. vertebrate spinal motoneurones? and 
skate electroreceptors*. and it has been suggested that intracellular 
calcium increases outward currents in cardiac muscle? `. The 
possibility of calcium-activated currents in heart and other 
muscle*'” is interesting because these cells have intracellular stores 
that release calcium. Some of the apparent complexity of mem- 











brane currents in muscle might be explained as a manifestation of 


excitation-contraction coupling. If interna! calcium (Ca,) en- 
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hanced a surface membrane conductance. one might expect a 
phasic current which reflected the increase and decrease in Ca; 
during contraction. No such current has been identified in heart: 
We report evidence here that intracellular calcium controls the 
transient outward current which underlies the early repolarisation 
in cardiac Purkinje fibres!'™'!, Thus the transient outward current 
is inhibited by blockers of calcium current. varies directly with the 
external calcium concentration and correlates with twitch ampli- 
tude in conditions which vary the amount of calcium released. 

Short Purkinje fibre preparations from calf hearts were voltage- 
clamped by a conventional two-microelectrode method. In some 
experiments, contractile force was measured with a piezoelectric 
force transducer (Endevco 87102). Interference from the exci 
latory sodium current was prevented by blocking sodium channels 
with tetrodotoxin (20 4M) or inactivating them with a depolarised. 
holding potential (~ —40 mV). The transient outward currentis 
referred to as Jur because the kinetic variables y and r have been 
used previously to describe its activation and inactivation! #3 

In Fig. lw. trace | shows a record of membrane current during a 
clamp depolarisation in the range of the action potential plateau. 
The outward transient current (/,,) is dominant for the first 15) ms 
alter the step depolarisation and obscures the slow inward ca.cium 
current (/,). Z; turns on within a few ms after the depolarision and 
then inactivates slowly !*: the inactivation is largely respousible for 
the slow current change during the last 300 ms of the pulse. Efforts 
at quantitative analysis of /; in Purkinje fibres have been hampered 
by such overlap with /,, (refs 14. 15). We tried to determine. J; 
without interference from /,, by a pharmacological dissection 
involving D600. a blocker of calcium currents'®. But D600 
inhibited the outward transient as well as 4i In preparations 
showing large /,, (Fig. 1a) the early current in the absence of D600 
(1) was more outward than the current in its presence (2). Thus. the 
*D600-sensitive current’ (1 ~ 2. Fig. 14) displayed a region of net 
outward current. We attribute the outward region to /,, (shaded 
area) in combination with /;. The inward spike in Fig. 1% is 
explained as a rapid activation of /,; preceding the activation of Loe 
Similar net current waveforms have been observed in crustacean 
muscle and have been analysed as a transient outward current 
superimposed on an inward calcium current?! , 

The consistent reduction of /,, obtained with D600 invalidates 
the use of this drug to determine /,. But the results also suggested 
that /,, is dependent on intracellular calcium. On this view. the 
reduction of /,, would be accounted for asa natural consequence of 
the inhibition of calcium entry. We explored this hypothesis using 
procedures believed to modify calcium influx. Figure le shows that 
manganese ion. another widely-used blocker of calcium cut- 
rents'*'*, resembles D600 in the ability to reduce /,,. Figure Id 
shows the effects of increasing the extracellular calcium con- 
centration from 1.8 to 5.4 mM. Increased slow inward current is 
evident from the augmented early spike (arrows) and the down- 
ward displacement of current during the last 400 ms of the clamp 
pulse. The increase in external calcium (Cao) also produced a clear 
enhancement of /,, which was fully reversible (record not shown). 
An increase of Can from 5.4 to 9.0 mM caused a further increase in 
N 

Another approach to the possible involvement of intracellular 
calcium relied on contractile force to report changes in myoplas- 
mic calcium activity. We took the amplitude of the twitch as a 
rough index of the calcium transient and compared it with the 
surge of /,, during depolarising clamp pulses. The size of the 
calcium transient was varied by manipulating the previous history 
of membrane potential'*. Figure 24 shows a typical voltage clamp 
protocol consisting of two identical depolarising pulses separated 
by a variable interval. The first pulse followed a 5-s quiescent 
period and produced a large transient outward current and a 
sizeable twitch contraction. The second pulse was applied after a 
1.5-s repolarisation and evoked a smaller /,, and smaller twitch. 
Earlier experiments of this type have shown that the level and 
duration of the repolarisation strongly influence the restitution of 
the second contraction’? and the recovery of the outward transient 
current''. Here the question is whether these recovery processes 
share the same time and voltage dependence. Because. this” 
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Fig. 1 Effects of D600, manganese and calcium on the transient 
outward current (Jy). a, Membrane current in the absence of drug (1) 
and after exposure to D600 (5 x 107° g mi~?) for 30 min (2). The 
current records accompanied a rectangular membrane depolarisation 
from ~40to +15 mV for 500 ms (upper trace). Signals were recorded 
by a digital computer. sampling once every 3 ms. The smooth line was 
drawn by eye for clarity; preparation $22-1. (b), ‘D600-sensitive 
current’, obtained by subtracting trace (2) from trace (1). Shaded area 
is estimate of Jar, dashed line estimate of /,,. c, Membrane current in a 
control runand after exposure to 3 mM MnCl, for9 min. Thecurrents 
were evoked by a 500-ms clamp pulse from —38 to +13 mV. d. 
Membrane current in 1.8 mM Ca and 10 min after increasing the 
external calcium concentration to 5.4 mM. The arrows indicate the 
peak inward spike of current, an approximate measure of peak Ja- 
Currents were in response to a 520-ms clamp pulse from — 39 to 
+13 mV. cand d. Preparation R33-2. The composition of the Tyrode 
solution used in these experiments was 150 mM NaCl. 4 mM KCI. 
10 mM Tris-HCI buffer. pH 7.4.0.5 mM MgCl,. 5.4 mM CaCl, and 
3mM glucose. 


comparison depends on a fairly accurate determination of Jar we 
reduced interference from /,, by choosing preparations with 
relatively large Jar, by using strong depolarisations to increase the 
driving force for outward current and by estimating /,, with a 
graphical procedure (Fig. 2a) which made some allowance for Js. 

Figure 2b shows the influence of potential level on the recovery 
of the twitch and of Ją. The results were obtained with a 1.5-s 
repolarisation interval and were normalised relative to the re- 
sponses evoked by the first pulse. The contraction and the transient 
outward current show nearly identical dependence on membrane 
potential. Similar correspondence was observed in five out of six 
preparations. Figure 2¢ shows the recovery of the twitch and /,, as 
the repolarisation interval increased progressively. Both signals 
show a similar time course. Temporal correlation was observed in 
six out of seven experiments of this kind. and was found at 


—70mV as well as near ~40 mV. The occasional lack of 


correlation might be explained by exceptionally severe con- 
tamination by Ai 

Although parallelism between /,, and contractile force is clear 
and rather consistent, the agreement could be considered for- 
tuitious. A purely coincidental explanation is not supported. 
however, by experiments in which the recovery time course was 
manipulated drastically. Cardiac glycosides and aglycones were 
useful for this because they modify the time course of contractile 
restitution as well as increasing the strength of contraction! ’. 
Figure 3 shows the influence of strophanthidin on the recovery of 
the twitch and of /,,. In the absence of the drug, both transients 
showed a monotonic recovery with increasing repolarisation 
interval as in Fig. 2c. After exposure to } uM strophanthidin. 
contractile restitution and recovery of /,, both became oscillatory. 
with the same period and phase. The discrepancy in the height of 
the oscillatory peaks at 0.5 s could be explained if /,, were more 
seriously underestimated at this time. Contamination from /,, may 
have been more severe at the peak because other experiments have 
shown that strophanthidin evokes a clear oscillation in the 
repriming of 7; (ref. 20). The inset in Fig. 3 illustrates another 
experiment using strophanthidin in which the time courses of Zy 
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and J; were particularly distinct. Clearly the amplitudes of Zye da 
and twitch force were each enhanced by a second pulse relative to 
their size during the first pulse. 

These kinetic correlations between /,, and twitch force. taken 
together with the actions of D600. manganese and extracellular 
calcium. strongly suggest that the transient outward current is 
controlled by intracellular calcium activity. The myoplasmic 
calcium could be supplied by release from intracellular stores or 
entry across the surface membrane. Contractile force provides a 
convenient and sensitive bioassay for the size of the intracellular 
calcium transient. This approach has drawbacks, however, since 
the peak of the twitch must lag behind the peak of calcium activity 
near the surface membrane because of diffusional. chemical and 
mechanical delays. It is possible that the waveform of /,, is a more 
faithful representation of the time course of calcium activity than 
the externally measured force. Direct measurements of the calcium 
transient may soon be possible using optical indicators?!:??. Such 
experiments would provide another test for the present hypothesis 
and might determine whether intracellular calcium governs the 
time course of Ją or if it merely acts as a trigger for a phasic 
conductance change. 

Our results suggest that some of the time and voltage 
dependence of the transient outward current arises from the same 
mechanisms which underly activation and inactivation of con- 
traction. The ionic nature of the outward current remains 
unsettled. Chloride was originally thought to carry /,, because the 
outward transient was reduced by replacing chloride with larger 
anions!®''! But Kenyon and Gibbons”? have shown that the 
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Fig. 2 a, Experimental records illustrating the protocol for obtain- 
ing the curves in (b} and (c). The traces (records from a Brush 440 pen 
recorder) show, from top to bottom. membrane voltage. membrane 
current and contractile force. The magnitude of /,, was measured as 
- the difference between the peak of the outward transient and a linear 
extrapolation of the late current to the time of peak /,, (dashed line). 
This method will underestimate /,, because it underestimates Ai. To 
correct for small progressive changes during the run, currents and 
tension during the second pulse were normalised by the response to 
the first pulse, b, Relationship between repriming potential (7) and 
the inactivation of /,, (C) and tension (©), The normalised ar 
and tension ata given repriming potential were divided by the normal- 
ised values for F= ~—57 mV to yield the inactivation curve. The 
continuous line was drawn according to po 
H +exp((V + 31)/4)] 7). where r is a Hodgkin-Huxley type variable 
with values between 0 and 1. c. Comparison of the recovery from 
inactivation of /,, and tension. Two depolarising voltage-clamp 
pulses were separated by repolarisation to the holding potential fora 
variable interval (4). Normalised /,, and tension were plotted as a 
function of z. Symbols are as in (4): The continuous line is an 
exponential with a time constant of 450 ms. Voltage-clamp pulses 
in (a). ($) and (¢) depolarised the membrane to —4 mV for 500 ms 
from a holding potential of — 39 mV: preparation R25-2. 
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Fig. 3 
strophanthidin. In the absence of strophanthidin the repriming time 


Alteration of the repriming time courses of /,, and tension by 


courses of /,, (O) and tension (O) are very similar. The continuous 
line is an exponential with a time constant of 880 ms. The closed 
symbols were obtained 15 min after addition of | uM strophanthidin 
Both repriming curves then show distinct oscillations. Repriming 
curves obtained with 500-ms clamp pulses from —40 mV to — 10 mV 
Preparation R27 2. The inset shows a chart recording trom a less 
complete experiment in the presence of | aM strophanthidin 
preparation R26 


substitute anions act by reducing extracellular calcium activity 
Their results are consistent with the sensitivity of /,, to deliberate 
variations in Cay (Fig. ld). Reports of calcium-activated po- 
lussium currents in other tissues raise the possibility that po- 
tassium ions help carry /4 Whatever the ionic basis of /,,. its 
apparent dependence on intracellular calcium raises fundamental 
difficulties for analysis of the slow inward current in Purkinje 
fibres. A drug which interacts specifically with Z; channels will sull 
have indirect effects on /,,. Thus proper pharmacological dissec- 
tion of Purkinje fibre plateau currents will require a method for 
selectively abolishing /,, 

We thank Dr McNaughton for suggesting that the 
transient Outward current might be activated by intracellular 
calcium, and Drs K. Beam. T. Colatsky. W. R. Gibbons, J. I 
Kenyon and R. Weingart and Mr W. Gilly for helpful discussions 
This work was supported by a grant from the USPHS 
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eel 
Voltage noise from hair cells 
during mechanical stimulation 


THE generator potential ol mechanoreceptor hair cells is thought 
to arise from a change in conductance of the receptor memb- 
A mechanical force in the environment acts on hairs to 





rane 
cause the generator potential. The conductance change associated 
with the generator potential may be composed of many elementary 
conductances whose frequency or number vary with mechanical 
stimulation. From this hypothesis. one would expect to observe 
random fluctuations. or noise. associated with the generator 
potential. We report here the presence of such fluctuations in an 
invertebrate statocyst; the analysis of the fluctuations gives an 
estimate of the size of the underlying events associated with the 
generator potential during mechanical stimulation 

Hair cells of the invertebrate statocyst are presumably stimu- 
lated by statoconia. Increased interaction between statoconia and 
the cilia depolarises the hair cells: decreased interaction hyper- 


polarises them. The statoconia. however. are in constant motion 





Random movement of these particles should cause a baseline 
noise Figure | shows intracellular recordings from a hyper- 
polarised hair cell body of Hermissenda crassicornis. The cells were 
hyperpolarised by injecting current through the recording elec- 
trode to suppress spontaneous firing which normally occurs near 
rest at —SS mV. The preparation and the rotational method of 
physiological stimulation have been described elsewhere*. Hair 
cell somata were passively invaded by action potentials arising in 
the axon 80 um from the soma. and received synaptic input at 
axonal branches 100 jem from the soma, The generator potential 
and voltage noise can be studied in the absence of impulses and 
synaptic interactions by cutting the distal axon (cut N°), Fig. la 
shows a depolarising response from a hair cell (cut N) in front of 
In the absence of rotation. the variance in the 
A rotational velocity of 60 r.p.m. 


the force vector 


voltage noise was 9.3 x 10° * p- 


Fig. 1 Intracellular recordings (0-313 Hz) from statocyst hair cells 
The vertical bar represents 5 mV. the horizontal bar 5 s. a. A hair cell 
in front of the force vector with cut axon (cut N) to remove synaptic 
input. Rotation begins and ends at the arrows. and produces a 
maximum steady value of 0.8 g midway during the response. The 
holding potential is — 100 mV A hair cell with intact axon behind 
Rotation begins ut the arrow and produces a 
maximum steady value of 1.4 g. The holding potential is — 80 mV 








the force vector 
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for a cell located 19 cm from the centre of rotation, produced an 
average depolarisation of 5.5 mV and an increase in the variance to 
29.3x 1078 V°. Figure 1b shows the opposite effect from a cell 
behind the force vector. the axon of which was left intact. The noise 
variance decreased from 12.0 x 107 *®to2.1 x 1078 F? asaresultofa 
rotational velocity of 75 r.p.m. The mean hyperpolarisation was 
9 mV. 

The variance of the microelectrode and amplifier noise. meas- 
ured in the external bath, was less than 1078 F?_ The noise 
increased as the microtip entered the statocyst. Hyperpolarising 
the membrane with current further increased the noise (Fig. 2). 
Microelectrode noise measured in the external bath increased 
negligibly over the current range used. The voltage was held 
between — 80 and ~ 100 mV in the rotation experiments. In this 
range, the “background noise’, that is. membrane noise plus 
microelectrode and amplifier noise, varied between 2 x 107 *® and 
10x 1078 V7, Changes were then studied as a function of the 
physiological stimulus. 

Autocorrelation functions of the noise are shown in Fig. 3. At 
— 80 mV and zero rotational velocity, the correlation function is 
approximated by a single exponential with time constant 74 ms. 
The 7-mV hyperpolarisation caused by rotation reduced the noise 
and increased the time constant to 168 ms. An increase in the speed 
of rotation, increased the hyperpolarisation to —9mV and 
reduced the noise, with little further effect on the time constant. 
The noise level at —9 mV approached that caused by microelec- 
trode and amplifier noise. A cell with similar background noise is 
shown for the depolarising response. Depolarisation to 16 mV 
increased the noise variance with no appreciable change in time 
constant. The smallest time constant observed for a depolarising 
response was 62 ms. The largest time constant observed for a 
hyperpolarising response was 178 ms. 

The results of many experiments are summarised in Fig. 4 in 
which the change in noise variance is compared with the mean 
change in membrane potential. without regard to sign. Hyper- 
polarising and depolarising responses are presented for both intact 
hair cells and from hair cells with cut axons (cut N). The change in 
variance was roughly proportional to the change in the mean. A 
solid line, approximately determined by the data points. has a 


Fig. 2 Intracellular recordings from statocyst hair cells, hyper- 

polarised from their resting value by current injection. The average 

resting potential is about — 55 mV. One very noisy cell (upper dashed 

line) and one very quiet cell (lower dashed line) are shown. The solid 
line is drawn through pooled data from many cells, 


100 


50 


ho 
© 
T 


ja 
> 
T 


odo 8 r?) 











it ES 4 
1 30 “TOO 300 


Nature Vol. 269 13 October 1977 


| 





C1078 V2) 














Fig.3 Autocorrelation functions of the noise in various conditions 
of rotation. The sample length was 27.31 s during steady rotation. 
The data were recorded on FM tape at 3.75 i.p.s. (0-625 Hz) after 
passing the signal through an RC high pass filter with a 2.2 s time 
constant. Processing was carried out off-line with a d.c.-coupled HP 
3721 A correlator after passing the signal through a RC high pass filter 
with an 8 s time constant. @. Noise from a hair cell behind the force 
vector, al zero rotation and two levels of rotation which produce 
steady hyperpolarisations of 7 mV at 1.2 g and 9mV at 1.4g. O, 
Depolarising response of 16 mV at 1.2 g from a cell with approx- 
imately the same zero rotation background noise. The lines represent 
exponentials with time constants 74 ms (upper) and 168 ms (lower). 
C is the value of the autocorrelation for relative time displacement t. 


slope of 12 uV. This slope may be taken as the order of magnitude 
of the elementary voltage event associated with mechanotransduc- 
tion. The dashed line in Fig. 4 represents the expected distortion of 
the variance-to-mean relationship produced by the summation of 
elementary increases in conductance. The soma membrane re- 
sistance with rest potential £ is taken in parallel with the receptor 
membrane resistance with reversal potential e. The correction 
factor to Ao? is f* and to AV is f, where f = Vo/(Vo—AV) and 
ko = e— Eisthe maximum possible AV. This analysis is similar to 
that applied to acetylcholine-induced noise at the neuromuscular 
junction® and to changes in noise induced by light in bipolar cells 
and photoreceptors’. 

Two experiments in Fig. 4 are from an abnormal Hermissenda 
statocyst which has only one or two statoconia instead of several 
hundred. Such a statocyst, which may be a mutant form, offers the 
possibility of studying the elementary statoconium—hair cell 
interaction more directly. 

Are the changes in noise produced by rotation caused by the 
mechanotransduction or by changes in membrane potential? A 
change in membrane potential by current injection has the 
opposite effect to a change caused by physiological stimulation. 
For example, a hyperpolarisation caused by current increased the 
noise (Fig. 2). but a hyperpolarisation caused by rotation de- 
creased the noise (Figs | and 4). The converse was true for the 
depolarising direction. We conclude that the changes in hair cell 
noise analysed here are caused by mechanotransduction. 

Since the change in variance is roughly proportional to the 
mean, the potential changes due to mechanotransduction can be 
considered as the sum of random events according to a simple shot 
model. The model is discussed fully by Katzand Miledi®. The basic 
relationship for a random sum of exponential events, each of 
height ais:a = 2Ac?/AV = 24 uV. The spread of data in Fig. 4 is 
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due to a variation in the time constant with different levels of 
rotation (Fig. 3) and to the subtraction procedure. 

The largest time constant previously observed by the displace- 
ment of voltage with current pulses was 45 ms!. The relaxation 
times shown in Fig. 3 may be caused by transduction or by an 
induced change in input resistance. The input resistance could be 
expected to decrease for the depolarising response and increase for 
the hyperpolarising response, although we have no direct evidence 
that this occurs. In either case, a random event with a single 
relaxation time fora particular stimulus describes the effect shown 
in Fig. 4. The input resistance of the hair cells at rest is 80-100 MQ. 
If the amplitude: of an individual event is taken as 24 uV, one 
calculates an elementary current of approximately 0.3 pA for each 
event. It was shown recently that hair cell generator potentials and 
voltage noise are dependent equally on sensory stimuli, membrane 
potential, external sodium concentration, and treatment with the 
anaesthetic, chloral hydrate (D.L.A., Y. Grossman and E. Held- 
mann, unpublished). 

These observations support the hypothesis that the voltage 
noise reported here involves the same mechanism that underlies 
the generator potential. The generator potential arises from a 
conductance increase with a reversal potential of about 30 mV 
positive with respect torest’. From an average holding potential of 
-90 mV. we assume a driving force of 60 mV. The elementary 
conductance change aSsociated with each event is therefore about 
5 pS. This is the order of conductance found for individual ionic 
channels*. Although there is considerable uncertainty in the 
reversal potential, even if 30 mV positive with respect to zero is 
assumed, the estimate for the elementary conductance change is 
merely halved. 

Our observations show that the changes in hair cell membrane 
potential do not account for the changes in noise produced by a 
physiological stimulus. The changes in noise produced by rotation 
are primarily caused by the transduction process itself, indicating a 
common origin for voltage noise caused by rotation and by the hair 
cell generator potential. We conclude that the generator potential 
is the result of a random sum of elementary events which have an 
average effect (the generator potential) and a fluctuating com- 
ponent (the voltage noise). Local potential phenomenon pre- 
viously reported by Alkon? do not occur at the holding potentials 
used here, nor do they occur in hair cells with cut axons. Thus, such 
effects could not contribute to the noise studied here. 

The number of hairs interacting with one statoconium is 


“Fig. 4! Change in noise variance (Aa?) against the change in mean 
membrane potential (AF) at different levels of rotation. x. Hair cells 
with cut axons (cut N) showing a depolarising response. Hair cells 
with intact axons showing adepolarising (CQ) or hyperpolarising (@) 

response. ©, From an abnormal statocyst with one or two statoconia. 
Eleven different cells are ig earn in this figure. The solid line 
represents Ao*/AV’ = 12 pW. The dashed curve represents the expec- 


ted nonlinear effect of increased conductance on the depolarising 

response assuming a maximum AV of 90 mV. The variance was taken 

as the first point of autocorrelation functions calculated from 13.65 or 
27.31 s of data. 
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estimated to be between | and 20, based on scanning electron 
micrographs (D.L.A.. Y. Grossman and E. 


noise near rest? probably reflect the interaction of a statecenium 
with one or more cilia. These depolarising waves range from 
1-10 mV. If the lower limit of | mV is taken to approximate the 
interaction of a single statoconium with a single hair, 40 elemen- 
tary events. each causing a 5-pS increase of conductance, would be 
necessary. Noise analysis offers the possibility of relating mol- => 
ecular membrane phenomena, which are not directly observable, © a 
to the mechanism of the generator potential of a sensory receptor, 
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Stimulation of the sympathetic 
nervous system during sucrose feeding 








THE activity of the sympathetic nervous system in the rat 
is markedly reduced by 2d of fasting, and this suppression 
is reversed by feeding’. Studies of urinary catecholamine 
excretion in fasting rats have corroborated these findings 
and in addition have shown that urinary adrenaline and 
noradrenaline (NA) excretion actually exceed baseline 
levels on the second and third days of refeeding’. Since 
dietary intake in these previously fasted animals was 
greater than baseline during the refeeding period, the 
possibility arose that overfeeding might be associated with 
increased sympathetic activity and led to the present 
investigation. Work by others has provided evidence that 
supplementation of a standard rat chow diet with sucrose- 
containing drinking solutions increases total caloric intake 
of the rat by approximately 20%*. Thus the experimental 
design for voluntary overfeeding in the rat is based on the 
addition of sucrose-containing drinking solutions to the 
animals’ ad libitum access to rat chow and water during the 
experimental period. In this report we describe increased 
sympathetic activity in the hearts of overfed animals after 
3d of sucrose supplementation. Such an increase in 
sympathetic activity may contribute to the enhanced 
thermogenesis associated with overfeeding. 

The use of NA turnover techniques in assessing the 
functional state of the unperturbed sympathetic nervous 
system permits the estimation of organ-specific sympathetic 
activity in each sympathetically innervated organ. NA, 
the sympathetic neurotransmitter, is synthesised and stored 
within the sympathetic nerve endings and is released in 
response to neural impulses. An active transport mechanism 
in the neuronal membrane recaptures a major fraction 
of the released NA. As the activities of both NA bio- 
synthesis and NA re-uptake are coupled to the level of 
impulse traffic. the endogenous level of NA within the 
nerve terminals in a particular organ is relatively constant 
despite wide fluctuations in sympathetic activity. The 
kinetic measurements of NA turnover used here use these 
neuronal processes of NA biosynthesis and active trans- 
port to quantitate changes in the level of sympathetic 
activity in experimental conditions. The *H-NA_ turnover 
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technique ‘involves the intravenous (i.v.) administration of 
tracer doses of *“H-NA. After uptake of the label into the 
sympathetic nerve endings and equilibration with intra- 
neuronal stores, the rate of disappearance of the tracer 
provides an indication of sympathetic activity within a 
particular organ. Previous work with this technique has 
established its usefulness as a measure of sympathetic 
activity in various physiological and pathophysiological 
conditions“. A second method of assessing NA turnover 
involves inhibition of NA biosynthesis with a-methyl-P- 
tyrosine (aMPT), an inhibitor of tyrosine hydroxylase, the 
rate-limiting step in NA biosynthesis. In the presence of 
such inhibition endogenous NA levels cannot be maintained 
and the rate of fall of endogenous NA reflects NA turn- 
over. Intraneuronal metabolism of NA contributes to a 
limited extent to these measurements of NA turnover, but 
is not altered by the experimental conditions described 
here. 

Female Sprague-Dawley rats (150-200g) were used in 
these experiments. These animals were allowed free access 
to Purina rat chow and water except as noted in the 
experimental protocols. The effect of 3d of sucrose feeding 
on NA turnover as measured by the rate of disappearance 
of *H-NA is shown in Fig. 1. In this experiment control 
(normal diet) and sucrose-fed animals received an i.v. 
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Fig. 1 *H-NA turnover in rat heart in control and sucrose-fed 
animals. Female Sprague-Dawley rats (150-200 g) were divided 
into two groups 3d before the start of the NA turnover experi- 
ment. Control animals (©) remained on their ad libitum diet of rat 
chow and water; sucrose-fed animals (@) were provided access 
to an 8% sucrose solution in addition to their rat chow and 
water. At the beginning of the turnover, each animal received 
an i.v. injection of *H-NA (250 uCi per kg body weight; 
specific activity 24.4 Ci mmol~'; New England Nuclear) by tail 
vein. At 2, 6, 12 and 24 h after injection, five to seven rats from 
each group were killed, their hearts removed and quickly frozen 
on dry ice. The organs were stored at —20 °C until analysed 
within 2-3 d. After the organs were homogenised in ice-cold 0.4 M 
perchloric acid, NA was isolated chromatographically with 
alumina and the eluates analysed for *H-NA and NA content, 
as previously described®. Values were corrected for recovery 
(80-90%) as determined in each experiment. Specific activity of 
cardiac NA was determined for each time point, expressed as 
mean + s.¢.m. The line representing the decline in specific 
activity with time was calculated by the method of least squares. 
For both control and sucrose-fed groups, the significance of each 
slope is P < 0,001. For the control group the slope or fractional 
turnover rate is 4.80 +0.16° per h with a NA turnover rate of 
21.4+1.9 ng NA per heart per h (95% confidence interval). For 
the sucrose-fed group the fractional turnover rate is 8.49 + 
0.13% per h and the NA turnover rate 30.6+2.3 ng NA per 
heart per h (95 % confidence interval). The slopes are significantly 
different at the P < 0.001 level using the Student's z test. Sucrose 
intake averaged 5.5 g per rat per d for the experiment. For con- 
trol, 4 = 14.5+0.5 h; for sucrose-fed rats, 4 = 8.2+0.1 h. 
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Fig. 2 Effect of inhibition of NA biosynthesis on endogenous 
NA levels in rat heart from control (normal diet), fasted and 
sucrose-fed animals. Animals were prepared as described in 
Fig. 1, except that in this experiment, a single group of animals 
was fasted for 48 h before the start of the experiment. Animals 
were injected i.p. with the methyl ester of a MPT (Sigma) 
dissolved in saline, 250 mg per kg at zero time and 125 mg per 
kg at 3.5 h; controls received the diluent alone in two injections. 
Animals were killed at 7 h, and the endogenous NA levels in 
heart determined. Open bars represent the saline-treated ani- 
mals, the shaded bars the a MPT-treated animals, and the striped 
bar a single group of a MPT-treated animals that was placed 
in cages in a cold (4 °C) room during the course of the experi- 
ment. Each group contained eight or nine animals. * Represents 
P < 0.005 and ** represents P < 0.001, when compared with the 
corresponding diluent control. The endogenous NA content in 
a MPT-treated animals is significantly less (P < 0.02) in those 
fed sucrose compared with those maintained on the control diet. 
Sucrose intake averaged 6.2 g per rat per d during the experiment. 


injection of “H-NA at t. At 2, 6, 12 and 24h after 
injection, 5-7 rats from each group were killed and their 
hearts analysed for *'H-NA and endogenous NA. As shown 
in the semi-logarithmic plot of cardiac NA specific activity 
against time (Fig. 1), sucrose feeding was associated with 
a highly significant (P < 0.001) decrease in the calculated 
half-time of disappearance (¢4), from 14.5+0.5h in the 
control group to 8.2+0.1h in the sucrose-fed group. 
(Similar differences were observed when cardiac “"H-NA 
content was plotted against time.) The fractional NA 
turnover rate was increased significantly (P < 0,001) 
during sucrose feeding (from 4.80+0.16% per h in the 
control group to 8.49+0.13% per h in the sucrose-fed 
group). Endogenous levels of cardiac NA decreased 
significantly (P < 0.02) in the sucrose-fed rats compared 
with the control animals (360+21.7 and 446+25.4 ng NA 
per heart, respectively). NA turnover rate, calculated as 
the product of the fractional turnover rate and the endo- 
genous level, was increased in the hearts of sucrose-fed 
animals (21.4+1.9 and 30.6+2.3 ng NA per heart per h 
for the 95% confidence intervals in control and sucrose-fed 
animals, respectively). Sucrose feeding for 3d, therefore, 
is associated with increased *H-NA turnover. 

The effect of inhibition of NA biosynthesis on endo- 
genous levels of NA in hearts of control (normal diet), 
fasted and sucrose-fed animals is shown in Fig. 2. With 
both control and sucrose-fed groups significantly (P < 0.005 
and P < 0.001, respectively) decreases in the NA content 
of rat heart followed 7h of inhibition of NA biosynthesis; 
cardiac NA levels were significantly (P < 0.02) less in the 
a@MPT-treated control animals, and were similar to the 
NA levels observed in control animals exposed to cold 
(4 °C). Fasted animals exhibited no change in cardiac NA 
content after @MPT treatment as previously reported. 
Thus, two independent methods for assessing NA turnover 


demonstrate increased NA turnover during sucrose 
feeding. 
Ganglionic blockade interrupts central sympathetic 
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outflow and as a result decreases peripheral sympathetic 
activity. The effect of such blockade on endogenous NA 
and on the residual *H-NA remaining in the hearts of 
control and sucrose-fed animals 10h after administration 
of label is shown in Fig. 3. In this experiment chlorisonda- 
mine (5 mg per kg, body weight intraperitoneally), a long- 
acting ganglionic blocking agent, was administered at 5 min, 
and again at 5h, after injection of tracer NA into control 
and sucrose-fed animals. The animals were killed 10h 
after the start of the experiment. In the control animals the 
residual “H-NA was 41% (P < 0.025) and the endogenous 
NA 14% (not significant) greater in the group treated 
with ganglionic blockade compared with the group given 
saline. In the sucrose-fed animals ganglionic blockade in- 
creased residual *H-NA 109% (P < 0.001) and endogenous 
NA 23% (not significant). The hearts of sucrose-fed 
animals without ganglionic blockade contained less “H-NA 
and endogenous NA than did those of the control animals 
(P <0.02 and P < 0.05, respectively) consistent with 
increased NA turnover while no differences in either 
residual “H-NA or endogenous NA were observed in the 
hearts of sucrose-fed and control animals with ganglionic 
blockade. This abolition of differences in cardiac “H-NA 
content between control and experimental groups with 
ganglionic blockade indicates that increased central 
sympathetic outflow underlies the accelerated NA turn- 
over observed in the hearts of sucrose-fed animals. 

This report, in addition to our previous finding that 
sympathetic activity is suppressed during fasting, suggests 
that central sympathetic outflow is influenced by the 
nutritional state of the animal. The nutritional signal to 
the central nervous system that leads to the observed 
alterations in sympathetic activity is unknown. Nutritional 
modification of central sympathetic outflow may have 
several important implications. As catecholamines are 
considered to be the principal mediators of cold-induced 
thermogenesis’* and as the mechanisms of thermogenesis 
are presumed to be similar during cold exposure and with 


Fig. 3 Effect of ganglionic blockade on a, cardiac “H-NA and 
b, cardiac endogenous NA in control (normal diet) and 
sucrose-fed rats. Animals were prepared for this experiment by 
3 d of sucrose feeding as in Fig. 1: 5 min and 5 h after the i.v. 
injection of the *H-NA (200 «Ci per kg) chlorisondamine (5 
mg per kg; Ecolid, Ciba), a ganglionic blocking agent, was 
administered intraperitoneally. Control animals received similar 
ip. injections of diluent. Animals were killed 10 h after injection 
of the *H-NA. Open bars represent saline-treated animals; 
shaded bars the chlorisondamine groups. Each group contained 
eight or nine rats. The percentage shown over the bar is the 
increase over the group without ganglionic blockade. ** Re- 
presents P < 0.025 and *** P < 0,001 compared with control 
without ganglionic blockade. 9"H-NA and endogenous NA 
content are significantly lower (P < 0.02 and P < 0.05, res- 
pectively) in the hearts of diluent-treated, sucrose-fed animals com- 
pared with diluent-treated, control animals, while no significant 
differences obtain in control and sucrose-fed animals in the 
presence of ganglionic blockade. Sucrose intake averaged 8.8 g 
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overfeeding®, dietary-induced changes in sympathetic 
activity may have a central role in nutrionally-determined - 
thermogenesis”. The physiological importance for cardi 
vascular disease of the increased sympathetic activity in 
heart associated with over-feeding is unknown, but dietary 
alterations in sympathetic activity may be a possible link 
between the increase in calorie and/or sucrose consumption 
and the rise in cardiovascular disease observed in Western 
countries’. os 
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Occurrence of a new class of 


tetrahydroisoquinoline alkaloids 
in L-dopa-treated parkinsonian patients 


THE chemotherapeutic administration of massive doses of 

L-3,4-dihydroxyphenylalanine (L-dopa) with or without 

peripheral decarboxylase inhibitors to parkinsonian patients 

can lead to aberrant metabolism which may influence the 

efficacy of the regime. It is generally agreed that the trans- 

formations can include spontaneous chemical reactions 

facilitated by the inherent reactivity of the catechol nucleus. 

For example, Sandler er al’ reported the excretion of tetra- 

hydroisoquinoline alkaloids (TIQs), tetrahydropapaveroline 

(norlaudanosoline) and salsolinol by parkinsonian patients 

who had consumed large doses of L-dopa and ethanol. 

The same two TIQs have been detected in brain and urine of. 
mammals administered alcohol and a second compound 
for example, L-dopa or pyrogallol; and it has been pro- 

posed that these Pictet~Spengler condensation products (of 

dopamine and dopaldehyde or acetaldehyde, respectively) 

may be responsible for addiction in alcoholism*”*. We report 

here the occurrence of a new class of TIQs, norlaudan- 

osolinecarboxylic acids (NLCAs), in the urine of 

parkinsonian patients on L-dopa with or without carbidopa. 
Comparative studies with rats on a similar regimen reveal 
the presence of NLCAs in brain as well as in urine. 

NLCAs arise by Pictet-Spengler condensation of phenyl- 
pyruvic acids and dopamine (Fig. 1). The parent com- 
pound, NLCA, derived from the transamination and 
decarboxylation products of L-dopa, has been previously 
characterised and implicated in Papaver alkaloid bio- 
synthesis in higher plants’. Norcoclaurinecarboxylic acid 
(NCCA), 3’-O-methylnorlaudanosolinecarboxylic acid 
(MNLCA), and = 3’,4’-desoxynorlaudanosolinecarboxylic 
acid were synthesised from dopamine and p-hydroxyphenyl- 
pyruvate, 3-methoxy-4-hydroxyphenylpyruvate and phenyl- 
pyruvate respectively, as described for NLCA (ref. 6). 
Their ultraviolet, nuclear magnetic resonance, infrared 
and mass spectra were consistent with assigned structures. 
NLCAs were detected in urine by mass fragmentography 
on an LKB-9000 gas-liquid chromatograph mass spectro- 
meter. The presence of a carboxyl group dictated a two-step 
derivatisation of the alkaloids, entailing esterification with ` 


dio- 
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pentafluoropropanol followed by acylation of the phenolic 
and amino groups with heptafluorobutyric anhydride by 
a modification of a procedure for simple catechol car- 
boxylic acids*. 

In early experiments single ion monitoring was used 
and the instrument was focused on the debenzylated 
fragment (m/e 928), which represented the base peak 
in mass spectra of all NLCA derivatives. Subsequently 
the mass spectrometer was interfaced with a Logos 
Spectrotek computer system which allowed repetitive 
scanning of the gas-liquid chromatography effluent and 
data storage. Typical fragment ion current chromatograms 
generated by the computer from runs with standards and 
a urine sample are shown in Fig. 2. 

The alkaloids were detected by monitoring both the 
base peak at m/e 928 and benzyl fragment ions (m/e 303 
for NCCA, m/e 333 for MNLCA, m/e 91 for 3’, 4’-desoxy 
NLCA). The benzyl fragment ion of NLCA had too low 
an intensity for routine detection. 

With these semi-quantitative techniques the urine of 
normal subjects (controls) and parkinsonian patients on 
L-dopa, .-dopa~carbidopa (10:1, Sinemet) or no 
chemotherapy, were analysed (Table 1). Low but repro- 
ducible levels of MNILCA were detectable in urine of 
L-dopa- and  Sinemet-treated parkinsonian patients. 
NLCA and MNLCA values were obtained for controls 
and non-treated patients but these were too close to 
minimal levels of detection to be conclusive. This was 
also the case for NLCA in treated parkinsonian subjects. 

Comparative studies have been carried out with 250g 
male Sprague-Dawley rats maintained on 2.5 mg L-dopa 
or 1.tmg t-dopa—carbidopa (10:1, Sinemet) per ml 
drinking water (ad libitum) for 1 week. The animals 
consumed 5-30 mg L-dopa per day and excreted NLCA 
and MNLCA at a rate of 0.05--48 ug per 24h). Brain levels 
of MNLCA for t-dopa-treated rats averaged 202 ng per g 
tissue, a value confirmed independently by ion pair reversed 
phase high-pressure liquid chromatography. 

After incubations in physiological conditions (0.2 M 
phosphate buffer, pH 6.0, at 37°C for 30min), 3,4- 
dihydroxyphenylpyruvate (14 mM) and dopamine (18 mM) 
reacted to produce 27-3% NLCA in the presence of cell- 
free homogenates of rat brain tissue. The fact that 
comparable yields were realised in the absence of brain 
tissue extracts or with boiled homogenates proved that 
the condensation was not enzyme dependent. Furthermore, 
enzymes such as monoamine oxidase, which were demon- 
strated to be active in these homogenates, did not interfere 
with the Pictet-Spengler condensation. 

In vivo synthesis of MNLCA was demonstrated with 
rats fed Sinemet for 1 week as described above. The animals 
were injected intraperitoneally with 0.5 mCi 2,3-"H-L-dopa 
and killed 1.5-2 h later. Carrier MNLCA (10 mg) was added 
to t-butyl alcohol-ethyl acetate (3:2) extracts of brain 


Fig. 1 Pictet-Spengler condensation of dopamine and pheny!- 
pyruvates, 
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Fig. 2 Fragment ion current chromatograms of derivatised 
NLCA standards and urine samples by computerised gas~ 
liquid chromatography and mass spectroscopy. Solid NaCl 
was added to 5 ml urine until saturation, and the solution was 
extracted with 4» 5 ml ¢butyl alcohol-ethy! acetate (3: 2). 
The combined organic phase was evaporated to dryness and 
taken up in a buffer solution of 0.2 M sodium acetate, pH 8.6, 
0.1% EDTA and 1° sodium metabisulphite. Acid-washed 
alumina (500 mg) was added to this solution and the pH adjusted 
to 8.60.1. This mixture was added to a column of acid-washed 
alumina (750 mg) pre-equilibrated with buffer and the column 
was washed with 4 volumes of | M HCI. The eluate was saturated 
with solid NaCl and extracted with 4 «0.75 ml f-buty! alcohol- 
ethyl acetate (3 : 2). The combined organic phase was taken to 
dryness. Recovery of NLCAs in this process ranged from 
50-80°%. Pre-incubation of urine with glusulase did not increase 
yields appreciably. Derivatisation was accomplished by adding 
to the dry sample 100 pl 1-H,1-H-pentafluoropropanol-| 
(PCR) and 200 pl heptafluorobutyric anhydride (Aldrich) and 
heating at 90 C for 1-3 h. The sample was then taken to dryness 
with a stream of dry nitrogen gas; 100 pl heptafluorobutyric 
anhydride was added and the sample was heated at 90 C for 
15 min. After removal of excess reagent with nitrogen, the sample 
was taken up in 200 pl of either anhydrous ethyl acetate or 
acetonitrile containing 10° (v/v) heptafluorobutyric anhydride. 
The sample (1-5 pl) was injected on to a 6-feet silanised glass 
column (4 mm internal diameter) packed with 3°, OV-17 on Gas- 
Chrom Q (100-120 mesh) in the following conditions: carrier 
gas, nitrogen; flow rate 30 ml min@'; ion source temperature 
290°C; flash heater 230°C; column temperature 160 C; 
accelerating voltage 2.5 kV; ionising energy 30 or 70 eV; trap 
current 60 or 120 pA. Upscans were 4 s and rescans took 1.8 s. 
The urine sample shown here was obtained from a parkinsonian 
patient on 1.5 g L-dopa per day. a, Standards; b, urine analysis. 
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Table 1 Urinary levels of NLCAs in controls and parkinsonian 





patients 
NLCA MNLCA Dopamine 
Drug regimen (pg per 24 h) (ug per 24 h) {mg per 24 h) 
Controls (3) 0 8.4 [0-39] 1.19 -0.27 
Sinemet (6) 1.1 [0-7.1] 40.0 [10.9-149.5] 15.2-+3.3 
t-Dopa (3) 2.2 [0.6-3.8] 127.7 [55.5-235.9] 204 -66 
None (2) 0 3.3 [1.3-5.3] 0.66 +-0.18 





Urine samples (24 h}were collected from normal subjects (controls) 
and parkinsonian patients on Sinemet (0.3-0.8 g L-dopa and 30-80 mg 
carbidopa per day), L-dopa (1.5-4.0 g per day), or no chemo- 
therapy. Urine was stored immediately at —20 °C after addition of 
either 5 mi 6 M-HCI or 10 g sodium metabisulphite. TIQ levels did 
not change with time in these conditions. The values in parentheses 
indicate the number-of subjects used. TIQ values were obtained by 
mass fragmentography and for MNLCA represent the average of at 
least two determinations for each individual, with the range of values 
given in brackets. Dopamine values (mean + s.e.m.) were obtained by 
paired ion high pressure liquid chromatography on a reversed phase 
column (unpublished results). Levels! of 3,4-dihydroxyphenylpyru- 
vate and 3- methoxy-4-hydroxyphenylpyruvate were below the limits 
of detection of the latter method (< 0.1 pg per ml urine). 


and intestinal tissues; it was then recrystallised to constant 
specific activity®. Final specific activities of MNLCA from 
gut of four different rats were 536~3,342d.p.m. per mg 
(6.5X10°°% incorporation), whereas MNLCA from brain 
tissue of two rats gave constant specific activities of 231 
and 599 d.p.m. per mg (2.1 x 10°'%, incorporation). Labelled 
MNLCA was not found in rat liver or kidney in these 
experiments. 

To determine whether endogenous levels of L-dopa 
metabolites had diluted the tracer, thereby depressing 
incorporation rates, an experiment was carried out in which 
an untreated rat was injected intraperitoneally first with 
carbidopa (1 mg per kg) and 0.5 h later, with 0.5 mCi 2,3-°H- 
L-dopa. The percentage incorporation (1.64X10-') of 
L-dopa into MNLCA in the gut of this rat did not differ 
appreciably from the in vivo tracer data obtained with 
Sinemet-treated rats. Rates of in vivo conversion of L-dopa 
to MNLCA were more consistent with a spontaneous chemi- 
cal reaction than with an enzyme-catalysed reaction. 
MNLCA formation in gut, in contrast to liver and kidney, 
reflects the intensive metabolism of L-dopa in the intestine 
of the rat®. Despite the low rates of incorporation, brain 
levels of MNLCA suggest accumulation can occur, possibly 
analogous to non-enzymati¢ melanin formation and 
deposition in brain. 

To determine whether NLCAs can interfere with normal 
catechol metabolism, they were included in enzyme incuba- 
tions. Neither 0.1 mM NLCA nor MNLCA had an effect 
on Vmax or the apparent Kw of tyrosine aminotransferase 
(29 nmol per min per mg protein and 2.1 mM, respectively) 
or L-aromatic amino acid decarboxylase (43 nmol per min 
per mg protein and 0.60 mM, respectively) in crude rat liver 
cytosolic fractions. Low concentrations of NLCAs also 
did not seem to affect hepatic catecholamine catabolic 
enzymes in vivo. If 0.2mg NLCA, MNLCA or 3’,4’- 
desoxyNLCA and 7-"H-L-noradrenaline (2 aCi, 0.2 nmol) 
were injected simultaneously into the tail vein of male 
Swiss albino mice (17-20g) the percentage “H label in 
hepatic normetanephrine and vanillyl glycol was not 
appreciably different from control experiments in which 
noradrenaline was injected alone. Specific radioactivities 
were determined after fractionation by high-pressure liquid 
chromatography. 

The question has been raised as to whether the efficacy 
of L-dopa chemotherapy in parkinsonism can be attribu- 
table to dopamine replacement alone. TIQs have been 
proposed as possible therapeutic agents, whereas some 
investigators’ have postulated that they may cause 
side-effects such as the ‘on-off’ phenomena observed 
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clinically in -dopa chemotherapy. These hypotheses 
imply interaction of TIQs with catecholaminergic receptors, 
and evidence exists for transmitter-like behaviour of simple 
aldehyde-derived TIQs*. Thus, the occurrence of NCLAs 


in human urine and rat urine and brain demonstrated here, 
investigation of theories - 


provides a basis for further 
concerning the role of TIQs in parkinsonian chemotherapy. 

This study was supported by the NIH. We thank 
W. Frasure and T. Chyn for assistance. 
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y Endorphin, @ endorphin | 


and Met-enkephalin are formed 
extracellularly from lipotropin C fragment 


A series of peptides derived from lipotropin has been reported = 
to possess morphinomimetic properties. The C fragment (or B 
endorphin, residues 61-91) was isolated from pituitary’? and 
shown to be present in brain®, the C’ fragment (61-87) occurs in < 
pituitary', y endorphin (61-77) and a endorphin (61-76) were 
obtained after acid extraction of tissue of hypothalamic: and ~ 
pituitary origin’, and .Met-enkephalin (61-65) was found. in 
extracts of brain®-*, Examination of the ability of these peptides 
to displace specifically bound *H-naloxone from brain opiate 
receptors showed that C fragment was much more potent than 
the shorter peptides’ and investigation of the antinociceptive pro- 
perties showed that C fragment alone produces profoundandlong- 
lasting analgesia ~t, In addition, various other central activities 
are exhibited by C fragment!*-“. We report here that Co: 
fragment can be degraded by membrane bound enzymes from 
rat brain to form the smaller opiate-like peptides. 

The use of iodine-labelled peptide, with the radiolabel on the 
NH.-terminal tyrosine, ensured that the substrates could: be: 
studied at near physiological concentration and products con- 
taining the NH,-terminal region of C fragment were readily 


identified. Membranes from rat brain were prepared by exten- . 


sive washing of the synaptosomal fraction (P,) described by 
Whittaker et al.®. Incubations of [!*1]C-fragment (100,000 
d.p.m.; 2 Ci mmol-!) with membrane preparations (0.42 mg 
per ml) were performed in 10-7? M bacitracin for 16 h at 37°C in 
1 ml of 0.05 M sodium chloride-0.1 M sodium phosphate at- 
pH 7.4 or 0.1 M ammonium acetate at pH 5 and the suspensions 
were gently agitated. The products were resolved by gel filtra- 
tion on Sephadex G-50 in 50% (v/v) acetic acid and chroma- 
tography on thin layers of cellulose MN400 with #-butanol- 
pyridine-acetic acid—water (15 : 10 : 3 : 12; v/v) or #-propanol— 
0.2 M ammonium hydroxide (3 : 1; v/v). Shorter peptides (LPH 
61-67 or 61-68, 0.34 mM) were incubated with membranes in 
similar conditions for | h and the mixtures were fractionated by: 
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‘Fig. 1 Gel filtration of the products of digestion of [=I] C 
fragment with membrane-bound proteases from brain, Brain 
digests were prepared as described in the text. After addition 
of an equal volume of acetic acid, membranes were removed 
by centrifugation. The supernatant was concentrated in vacuo at 
40 °C and gel filtration carried out on a 150x 1 cm Sephadex 
G-50 column in 50% (v/v) acetic acid; fractions (1.8 ml), flow 
rate of 6 mi h=?. @, Elution profile obtained after digestion at 
pH 7.4; ©, profile obtained at pH 5.0. Fractions pooled as indi- 
cated by the horizontal bars were evaporated to small volume 
and portions were subjected to thin layer chromatography 
together with reference peptides'®, Fractions 28-33 contained 
residual C fragment, fractions 38-46 contained only y endorphin 
(pH 7.4) or a endorphin together with 61-73 (pH 5), fractions 
52-60 contained Met-enkephalin (pH 7.4) and 61-68 (pH 5) and 
fractions 64-73 contained tyrosine. 


gel filtration on Sephadex G-25 in 509%% acetic acid and pre- 
parative electrophoresis on paper. Identification of the reaction 
products was by amino acid analysis. 

At pH 7.4 in the presence of bacitracin (Fig. 1) the main 
product formed from C fragment was y endorphin (61-77); 
there was in addition a small amount of Met-enkephalin 
(61-65). At lower pH values, C fragment was converted rapidly 
and in high yield to a endorphin (61-76) and Met-enkephalin. 
The heptapeptide (61-67) generated Met-enkephalin and the di- 
peptide Thr-Ser readily even at neutral pH. 

The endopeptidase activity, assayed by release of Met- 
enkephalin from the heptapeptide 61-67, was associated with 
membranes but the enzyme could be detected in intact as well as 
lysed synaptosomal preparations. Moreover, the enzyme did 
not co-purify with the membrane components carrying the 
Opiate receptors. When extensively washed synaptosomes were 
lysed and the membrane fragments resolved on sucrose density 
gradients, the membranes with affinity for 3H-dihydromorphine 
were concentrated in the central fractions of the gradient where- 
as the endopeptidase activity was distributed uniformly. The 
results indicate that the endopeptidase is not an intrinsic com- 
ponent of the opiate receptor complex. 

On incubation with striatal slices, ['*1]C-fragment under- 
went slow degradation with a half life of 3.2 h whereas the half 
life of [1] y endorphin was 1.1 h. Residual peptide was deter- 
mined by chromatography of the medium on Sephadex G-50 
(Fig. 2). With C-fragment no stabilisation occurred on addition 
of bacitracin but the aminopeptidase inhibitor had a pronounced 
effect on the degradation of y endorphin. The results show that 
the degradation of C fragment in striatum is not initiated by the 
attack of an aminopeptidase. The first step, as with the pro- 
teolysis catalysed by brain membranes, must involve attack by 
an endopeptidase. 

The specificity of the endopeptidase was determined by 
examination of the soluble fraction of the incubation mixture. 
Gel filtration on Sephadex G-50 showed that the disappearance 
of C fragment was accompanied by the appearance of peptide 
fractions of lower molecular weight which retained the NH.- 
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terminal region of C fragment (Peaks I and H, Fig. 2). The 
formation of fraction I was markedly enhanced in the presence 
of bacitracin and ion-exchange chromatography showed that 
the major product was y endorphin (Fig. 3). While the yield of y 
endorphin was increased by bacitracin, continued incubation 
with the aminopeptidase inhibitor led to the formation of a 
endorphin in addition to y endorphin. Thus, although C 
fragment is resistant to the action of aminopeptidases'* and 
carboxypeptidases!’, y endorphin is more susceptible to both 
enzymes. 

A small percentage of short peptides retaining the NH,- 
terminal section of C fragment was observed during the gel 
filtration on Sephadex G-50 (Peak H, Fig. 2). Resolution of this 
fraction showed that the major component was Met-enkephalin 
and there was also some hexa- or heptapeptide (Fig. 4). Even 
though the small peptides are susceptible to degradation by 
exopeptidases, their formation was not greatly enhanced by the 
addition of bacitracin. It seems that the endopeptidase cleavage 
of y and a endorphin proceeds only with difficulty. 

The degradation of C fragment by membrane-bound enzymes 
and by striatal slices takes place in discrete stages, forming y 
endorphin, a endorphin and Met-enkephalin. The accumulation 
of these peptides is strongly favoured by the presence of 
bacitracin or by acid pH, conditions which prevent the loss of 
the NH.-terminal tyrosine. 


C-Fragment ———» y-Endorphin ———» a-Endorphin 





(61-91) (61-77) (61-76) 
Met-enkephalin 
(61-65) 
Tyrosine 


The degradation seems to be mediated by extracellular 
enzymes and does not involve a tissue uptake system because 


Fig.2 Gel filtration of [PI] C fragment incubated with 
striatal slices. Coronal slices (about 200 mg wet weight) through 
the corpus striatum were prepared by section of fresh rat brains 
3.5 mm and 2.5 mm rostral to the anterior part of the optic 
chiasma. The slices were pre-incubated (45 min, 37 °C) in 3 ml 
of saline (NaCl, 134 mM; KC], 5 mM; KH,PO,, 1.25 mM; 
MgSO,, 2.0 mM; CaCl, 1 mM; NaHCO, 16 mM; glucose, 
10 mM) containing 10-*M_ bacitracin. The slices were trans- 
ferred and gently agitated at 37 °C in 3 ml of saline, or 3 mi of 
saline and 104M bacitracin, containing 610° c.p.m. of 
iodinated C fragment (about 2 Ci mmol ~+). After 4 h incubation 
an equal volume of glacial acetic acid was added to the 
supernatant and gel filtration was performed on Sephadex 
G-50 (150 x 0.9 cm) in 50% (v/v) acetic acid. The eluate fractions 
(2.2 ml) were monitored for radioactivity. The arrows indicate the 
elution positions of authentic '*!-I or }*I-labelled peptides. 
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Fig.3 Identification of y endorphin as the first degradation 
product formed from C fragment in striatal slices. The peptide 
fraction Peak I, obtained by gel filtration of [*1] C fragment 
incubated with a striatal slice in the presence of bacitracin, was 
concentrated in vacuo and chromatographed together with 
(L]y-endorphin on SP: Sephadex C-25 in 0.05 M phosphate 
pH 4.5 with a linear gradient from 0 to 0.5 M NaCl (200-ml 
mixer). The elution positions of the 61-73, 61-76, 61-77 and 
61-78 peptides were established by chromatography of standard 
mixtures containing 1I- or }"I-labelled peptides. 


no enrichment of labelled peptide could be detected in the 
slices; but the results do not preclude the possibility that for- 
mation of Met-enkephalin and the endorphins might also occur 
intracellularly. 

Our results show that the extracellular metabolism of C 
fragment takes place in a specific manner to form the series of 
opiate-like peptides that have been isolated from brain. This 
may mean that the shorter peptides that have been isolated 
are degradation products of C fragment rather than natural 
peptides. It is, however, too early to be certain about this since 
it has been reported that enkephalin is present in rat brain even 
after rapid killing by microwave irradiation’®. 

` We thank Dr A. F. Bradbury for synthesising Met-enkephalin 


Fig. 4 Identification of Met-enkephalin as the principal 
component of the small peptide fraction formed by degradation 
of C fragment in striatal:slices, The peptide fraction Peak Il, 
obtained by gel filtration of ['%1]C fragment incubated with a 
striatal slice in the presence of bacitracin, was evaporated in vacuo 
and chromatographed on Sephadex G-15 (150 0.9 cm) in 50% 
(v/v) acetic acid, fraction size 1.4 ml. The column was calibrated 
‘with PIC fragment, the heptapeptide (61-67) and Met- 
~~ enkephalin (61-65). 
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and the heptapeptide 61-67, and D. E. Massey for technical 
assistance. 
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Identification of the herpes 
simplex virus DNA polymerase gene 


THERE is at present much interest in the herpes viruses 
because they have been associated with human cancer and 
cause latent infections with recurrent disease. They are also 
of interest because they form a relatively simple but apt 
model for the processes of transcription and DNA replica- 
tion in eukaryotic cells. We have studied the virus-induced 
proteins involved in DNA replication, and present here 
results that give definitive evidence that the virus-induced 
DNA polymerase is encoded in the virus genome, that 
locate the gene for virus DNA polymerase, and also show 
that the enzyme is essential for virus replication. 

Keir and Gold' demonstrated that herpes simplex virus 
(HSV) induced a DNA polymerase and Keir et al** 
showed that the enzyme was stimulated by high salt con- 
centrations and inhibited by antiserum to virus-infected 
cells. Weissbach er al.‘ demonstrated partial purification of 
the enzyme and more recently, we have purified the enzyme 
to the point where a virus-induced protein of molecular 
weight 149,000 can be associated with this activity’. Aron 
et al. and Purifoy and Benyesh-Melnick” showed that HSV 
mutants in several complementation groups were deficient 
in induction of the DNA polymerase and, further, that 
some of these mutants induced an enzyme which was tem- 
perature sensitive in vivo but not in vitro in crude extracts. 

We have been studying the DNA polymerase induced by 
one of these temperature-sensitive mutants of HSV type 1 
(HSV-1) which is designated tsD9 (ref. 8) and by a spon- 
taneous ts’ revertant of this mutant, designated DR3 
(ref, 9). The purification of the enzyme from HEp-2 cells 
infected with this mutant at the permissive temperature 
is shown in Fig. 1. The details of this purification scheme 
and its evaluation will be published elsewhere, but suffice 
to say here that the mutant enzyme behaves exactly as the 
wild-type enzyme during purification, both in chromato- 
graphic behaviour and in the amounts of the starting 
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enzyme recovered (10-15% overall yield). Enzyme was 
purified in precisely the same manner both from cells 
infected with the wild-type virus (HSV-1 strain KOS) and 
from cells infected with the revertant, DR3. All the enzymes 
were neutralised specifically by antiserum to virus-infected 
cells, 


Molarity of KCL 


Molarity of KCL 


3H c.p.m. in assay x 10-3 





Fraction 


Fig. 1 Purification of virus-induced DNA polymerase from 
tsD9-infected cells. Enzyme was extracted from virus-infected 
cells as described previously'’, using a high salt procedure. Total 
enzyme activity was extracted, dialysed against 50 mM Tris-HCl, 
pH 7.5, 20% glycerol, 0.2% NP40 and 0.5 mM dithiothreitol (DE 
buffer), and applied to a DEAE-cellulose column equilibrated in 
the same buffer. The enzyme was adsorbed to the column and 
then eluted with DE buffer containing 0-0.3 M KCI. DNA poly- 
merase activity was detected in column fractions using our 
standard assays for the virus-induced enzyme containing 100 mM 
KCl in the reaction mixture’. The enzyme eluted at between 0.1 
and 0.15 M KCI as shown (a). The partially purified enzyme was 
diluted in DE buffer and applied to a phosphocellulose column 
equilibrated in the same buffer and prewashed with 500 ug mi~! 
bovine serum albumin (BSA). The column was developed with 
DE buffer containing 0.1-0.4 M KCI and the enzyme eluted at 
0.25-0.3 M KCI (b). The activity peak from this column was 
dialysed against DNA cellulose buffer (DNB, 50 mM Tris-HCI, 
PH 7.5, 50 mM KCI, 20% glycerol, 0.2% NP40, 0.5 mM dithio- 
threitol, | mM EDTA) after adjusting the protein concentration 
to 500 ug mi~ with BSA. The dialysed enzyme was applied to a 
DNA-cellulose column equilibrated with DNB and eluted in 
stepwise fashion with 0.05, 0.1, 0.2, 0.4, and 1.0M KCI in the 
same buffer. Purified enzyme eluted with 0.4 M KCI (c) and was 
then used for further experiments. 
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Fig. 2 Heat inactivation of purified enzymes. DNA polymerase 
purified from wild-type (@), mutant tsD9 (^), or revertant DR3 
(©) infected cells was heated at 39 °C for various times in reaction 
mixture, then template DNA was added and the residual DNA 
polymerase activity determined using standard assay methods. 
The specific activity of the enzymes was between 4,000 and 5,000 
units mg~! (I unit is defined as 1 nmol TTP incorporated h). 
One hundred per cent activity corresponds to 70,000 c.p.m. in 
this assay for each enzyme. 


The next step was to test the thermal inactivation of the 
purified enzymes from mutant, revertant, and wild-type 
virus-infected cells in the absence of DNA template. In 
these experiments, purified enzyme (specific activity ap- 
proximately 4,500 units mg™') was incubated at 39°C in 
reaction mixture without DNA for various periods, tem- 
plate was added and the residual DNA polymerase activity 
determined. The results presented in Fig. 2 demonstrate 
that DNA polymerase induced by wild-type virus and 
revertant is considerably more stable than that induced by 
the mutant. This result has been verified with batches of 
enzyme from several independent purifications. Thus, the 
temperature-sensitive mutation in tsD9 directly affects the 
DNA polymerase induced by the mutant, causing a loss in 
the stability of the enzyme; reversion of the mutation is 
accompanied by recovery of that stability. 

HSV replication has been shown to be inhibited by the 
drug, phosphonoacetic acid. Further mutants of the virus 
have heen isolated which are resistant to the drug, and this 
resistance correlates with DNA polymerase activity in crude 
extracts in vitro (refs 1} and 12). TsD9 was not selected 
for phosphonoacetic acid resistance and yet is resistant 
to the drug (ref. 9). To confirm this observation 
and further to correlate the sensitivity or resistance of 
the enzyme to phosphonoacetate, it was essential to test 
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purified enzyme. This experiment has been done and the 
results are shown in Fig. 3. Purified DNA polymerase from 
wild-type or DR3 (revertant)-infected cells was extremely 
sensitive to the drug: 50% inhibition of the enzyme activity 
was observed at a drug concentration of 0.5-1 ug ml’. 
With the purified mutant enzyme a 10-20-fold higher con- 
centration of the inhibitor was required to inhibit the 
enzyme activity. Reversion of the temperature-sensitive 
lesion again resulted in restoration of wild-type charac- 
teristics to the mutant enzyme. 

Our results demonstrate that the temperature-sensitive 
mutation in the HSV-1 tsD9 genome elicits altered charac- 
teristics of the virus-induced DNA polymerase, namely 
temperature sensitivity and phosphonoacetic acid resistance. 
Since tsD9 has been located on the virus genetic map 
between tsO22 and tsN20 (P. A. Schaffer, personal com- 
munication), our results enable the virus DNA polymerase 
gene to be positioned on the current genetic map. Marker 
rescue with restriction enzyme fragments of tsD9 will 
enable the location of the DNA coding for the enzyme on 
the physical map of virus DNA. Several other conclusions 
can be drawn from the data. First, the virus codes for the 
induced DNA polymerase, which is the first direct evidence 
for an animal virus specified DNA-dependent DNA poly- 
merase. We suggest that this polymerase be designated pol 
H, to distinguish it simply from host cell enzymes. Second, 
the DNA polymerase activity is essential for virus DNA 
replication and growth, since tsD9 does not replicate DNA 
at the non-permissive temperature. Third, phosphono- 
acetate resistance, at least in this case, is conferred on the 
virus by changes in the structure of its DNA polymerase— 


Fig. 3 Phosphonoacetic acid (PAA) sensitivity of purified 
enzymes. DNA polymerase purified from wild-type (@), mutant 
tsD9 (¢.), or revertant DR3 (©) infected cells was assayed in the 
presence of various concentrations of PAA. One hundred per cent 
activity corresponds to about 120,000 c.p.m. in this assay. 
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thus providing a useful method for selection of tem- 
Perature-sensitive mutants in the viral enzyme. 
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Sister chromatid exchange and chromatid 
interchange as possible manifestation 
of different DNA repair processes 


SisTeR chromatid exchange (SCE) is a symmetrical exchange 
between a newly duplicated chromatid and its sister’, The 
demonstration that many agents that. damage DNA also 
increase the frequency of SCE’ suggests that SCE is a reflec- 
tion of a basic DNA repair process, and perhaps a cyto- 
logical manifestation of post-replication repair of. a. 
recombinational character?”*. The question then arises. as. to 
the correlation between SCE and chromatid aberration, 
particularly chromatid interchange (CI), which also occurs 
as a consequence of exchange between newly duplicated 
chromatids’*. To investigate whether these two types of 
exchange are due to the same molecular event, I have 
studied the reaction of SCE and CI to caffeine and cyclo- 
heximide in endoreduplication mitoses of cultured human 
embryonic skin fibroblasts. I report here evidence suggesting 
that the events involved are separate. 

Endoreduplication is an internal doubling of chromosomes 
resulting from two successive DNA synthesis periods without 
intervening cytokinesis. Sister chromosomes are paired to 
form a diplochromosome. When the cells are grown for two 
replication cycles in the presence of 5-bromodeoxyuridine 
(BUdR) so that chromosomes can be stained differentially 
to distinguish one chromatid unifilarly with BUdR from its 
sister bifilarly substituted, three types of exchange can be 
seen—twin SCE occurring in the first S phase, single SCE 
occurring in the second § phase and intradiplochromatid 
interchange (IDCD which occurs between chromosomes in 
a diplochromosome (Fig. 1). 

Fibroblast cultures established from skin fragments of 
9-11-week-old human abortuses were used at passages 4-7. 
Confluent cultures were trypsinised and the cells were grown 
in Leibovitz’s L-15 medium containing 15% foetal calf 
serum and 204M BUdR. Cells were fixed for chromosome 
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preparations 70h after plating—mitotic arrest was achieved 
by a 4-h prefixation with colcemid. The effects of caffeine 
and cycloheximide were studied by treating cells for the last 
24h. In some cultures, 0.005% -mercaptoethanol was 
added to increase the frequency of endoreduplication 
mitoses. Chromosome preparations were processed for dif- 
ferential chromatid staining according to the ‘fluorescent 
plus Giemsa’ technique of Perry and Wolff’, and endore- 
duplication mitoses (Fig. 2) were analysed for types and fre- 
quencies of SCEs and IDCIs. 

Figure 3 shows that incubation in the presence of 
B-mercaptoethanol increased the frequency of twin and 


Fig. 2 Endoreduplication mitosis with differential chromatid 
staining showing single SCEs (single arrows), twin SCEs (double 
arrows) and IDCIs. The cell was exposed overnight to a black- 
light fluorescent lamp (Toshiba FL20BL) in 33258 Hoechst 
lug ml-, incubated in distilled water for 2 h at 62 °C and stained 
with Giemsa. Bifilarly BUdR-substituted chromatids are stained 
light while unifilarly substituted ones are stained dark. 
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Fig. 1 Diagram of SCEs 
and IDCls in diplo- 
chromosomes and 
orderly segregation of 
DNA strands during 
the replication cycle. 
The diagram is based 
on the unineme model 
of chromosomes, in 
which a chromatid 
contains a single DNA 
duplex. The new DNA 
strands always segre- 
gate outside the par- 
ental strands. When 
the cells are grown in 
the presence of BUdR 
for two replication 
cycles, except for dis- 
ruption by exchanges, 
ae oe the chromatids of 
unifilar BUdR-substitu- 
tion (TB) are on the 
inner side in diplo- 
chromosomes while 
those of bifilar BUdR- 
substitution (BB) are on 
the outer side. Broken 
lines represent BUdR- 
substituted DNA 
strands and solid lines 
unsubstituted grand- 
parental strands. 
Arrows show the sites 
of exchanges. 
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single SCEs but did not affect that of IDCIs. In the un- 
treated cultures, either with or without B-mercaptoethanol, 
the rates of SCE in the first and second S phases were 
approximately the same, the number of twin SCEs per 
diplochromosome not being significantly different from the 
number of single SCEs per chromosome. Because the treat- 
ment for the last 24h covers only the second replication 
cycle in my culture conditions”, twin SCEs related with the 
first S phase could not be influenced by caffeine and cyclo- 
heximide treatment during this interval. But exchange 
events relating to the second S phase, that is, single SCEs 
and IDCIs, were significantly affected by these compounds, 
although in different ways—caffeine reduced IDCIs but 
increased single SCEs, whereas cycloheximide had no effect 
on IDCIs but suppressed single SCEs. The involvement of 
chromatids in the formation of IDCIs was non-random. Of 
565 IDCIs scored, 518 (91.7%) were exchanges between 
chromatids with uni- and bifilar substitution (TB/BB 
type) (Fig. 1), and the TB/TB and BB/BB types were un- 
expectedly infrequent, constituting only 7.8% and 0.5%, 
respectively. The IDCIs of TB/TB and BB/BB types 
between chromatids with identical staining properties, could 
only be recognised morphologically as X-shaped criss-cross 
exchanges. But among IDCIs of TB/BB type, 91.3% had the 
same configuration of overlapping chromatids. Thus the 
predominance of TB/BB exchanges cannot be explained by 
different rates of detection, but suggests some biological 
significance for the formation of IDCIs in these conditions. 
In the cells grown in the absence of BUdR, the frequency 
of morphologically identifiable IDCIs was 0.02 per diplo- 
chromosome, about a quarter of that in the presence of 
20 uM BUGR, which apparently induces IDCI. 

It is interesting that IDCIs can be suppressed by caffeine. 
Caffeine inhibits post-replication repair”, which is thought 
to involve the formation of gaps in the daughter strand 
during replication on a damaged DNA template and the 
filling in of these gaps by de novo synthesis. Similar pro- 
cesses and/or types of lesion are likely to be responsible 
for CI formation, possibly through a recombinational event. 
In eukaryotic cells, cycloheximide causes immediate inhi- 
bition of DNA replication’. Although the action of cyclo- 
heximide may be diverse”, it is tempting to correlate the 
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cycloheximide-sensitive SCE with some components of the 
DNA replication process. 

Although my study concerned chromatid exchange in 
diplochromosomes, it is possible that the process respon- 
sible for IDCI formation occurs during normal diploid 
mitosis. This would manifest as false SCE?-?? when occur- 
ring between sister chromatids and would give rise to CI 
and other chromatid exchange aberrations if chromosome 
segments involved are closely positioned in the nucleus 
and replicate at a similar time. In spite of the general asso- 
ciation between SCEs and chromatid aberrations in their 
response to DNA-damaging agents, there is evidence against 
a correlation between two phenomena. Among human 
genetic diseases known to be characterised by a high fre- 
quency of spontaneous chromatid aberrations, only Bloom’s 
syndrome involves apparent association of the two, showing 
an abnormally high rate of spontaneous SCE™, But in 


Fig. 3 Effects of caffeine and cycloheximide on frequencies of 

SCE and IDCI, Experiments were done in the presence (circles) or 

absence (squares) of B-mercaptoethanol, Solid symbols, cyclo- 

heximide, open symbols, caffeine. Each point is based on 12-25 
endoreduplicated mitoses. 
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Fanconi’s anaemia”, ataxia telangiectasia” and incontinen- 
tia pigmenti (my unpublished data) the rate of SCE is 
normal. Moreover, in Fanconi’s anaemia” and xeroderma 
pigmentosum”, sensitivity to SCE caused by chemical muta- 
gens does not correlate with the sensitivity to chromatid 
aberration formation, whereas IDCI formation does”, Also 
the effects of caffeine on chemical induction of SCE differ in 
plants” and Chinese hamster cells’. These lines of evidence 
reinforce my conclusion that there is a two-step, replication- 
mediated, repair mechanism and that SCE and CI are cyto- 
logical manifestations of them. The relative potential of each 
process may vary with the types of DNA damage, repair 
systems and organisms involved. ee 
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Long-term persistence of 
O°-methylguanine in rat brain DNA 


THE carcinogenic potency of alkylating agents correlates 
with the extent of their reaction at oxygen atoms in DNA 
bases’. O°-Alkylguanine is amongst those derivatives most 
likely to be involved in the initiation of malignant trans- 
formation since it leads to mispairing in vitro and thus can 
be considered promutagenic’*. Repair excision of O*- 
alkylguanine from DNA has been demonstrated in bacteria‘ 
and mammalian cells’, and seems to be initiated by a 
specific N-glucosidase®. In the intact animal, the persistence 
of O*-alkylguanine in DNA of different tissues varies con- 
siderably. In rats, the induction of neural’* and renal’ neo- 
plasms correlates with a deficient excision capacity of the 
respective target tissues. O°-Alkylguanine produced by a 
single injection of the neuro-oncogenic agents N-ethyl-N- 
nitrosourea and N-methyl-N-nitrosourea (MNU), is removed 
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from brain DNA significantly more slowly than from that of 
liver and kidney, the half life in cerebral DNA being in the 
range of 9-11 d for both O*-ethyl- and O*-methylguanine’™”. 
These data are, however, based only on observations for up 
to 10d. We report here that the decay curve for O°- 
methylguanine in brain DNA consists of different com- 
ponents and that this modified base may persist in cerebral 
DNA for a considerable fraction of the animal’s life. 

Adult female BD-IX rats (100-120 g) received a single 
intravenous injection of N-[*H]-methyl-N-nitrosourea 
(25.5 mCi mmol’) at a dose of 10 mg per kg body weight. 
After time intervals ranging from 4h to 184d, DNA was 
isolated by phenol extraction" from the combined organs of 
two animals. Following hydrolysis in 0.1 M HCI (37 °C, 24 h) 
purine bases were separated on Sephadex G-10 columns 
(1x90 cm) using 0.05 M ammonium formate (pH 6.2) as 
eluent. The amounts of methylated purines were expressed 
as a fraction of the parent base, assuming that the specific 
radioactivity of the methyl group was identical to that of 
the injected carcinogen”. 

The persistence of O*-methylguanine in DNA of various 
rat organs is shown in Fig. 1. Excision from hepatic DNA 
was faster than from that of any other tissue, O°-methyl- 
guanine concentrations being below the level of detectability 
within 7d. In lung and kidney DNA, the limit of detection 
was reached by 28 and 84d respectively. In brain, the rate 
of excision was considerably slower. Following a rapid 
decrease during the first hours after injection, there is a 
distinct slope extending from 12-h to 14d. During this 
period, O*-methylguanine values were reduced from 78% to 
50%, of the initial (4h) concentration. Subsequently, the 
rate of removal decreased greatly. In contrast to the other 
organs and to the initial part of the decay curve for the 
nervous system, this latter component was linear. At 184 d, 
285%, of the initial concentration was still present in cerebral 
DNA. Extrapolation of these data suggests that complete 
removal of O*-methylguanine would require approximately 
1 yr. 

We can rule out the possibility that tissue-dependent 
variations in cell turnover significantly account for the 
observed differences in the rate of loss of O*-methylguanine 
from DNA. 7-Methylguanine which is removed non- 
enzymatically from DNA by hydrolysis, shows a similar 
decay in both liver and brain (Fig. 2). 

The dose of MNU used in this study (10mg per kg) 
represents approximately 10% of the 50% lethal dose 
(LD) and is not sufficient to induce tumours. Given 


Fig. 1 Persistence of O'-methylguanine in DNA of brain (@), 

kidney (A) lung (Y), and liver (©). Female BD-IX rats re- 

ceived a single intravenous injection of N-[*H]-methyl-N-nitro- 

sourea (10 mg kg™®) and were killed at time intervals ranging 
from 4h to 184 d. 
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Fig. 2 7-Methylguanine concentrations in DNA of rat brain 
(@) and liver (©) following a single injection of “H-MNU. 
Experimental details as in Fig. 1. 


repeatedly, however, it will produce primarily tumours of 
the nervous system. In contrast to other organs, such 
multiple doses lead to a linear increase of O°-methylguanine 
in brain DNA”. It now seems that this additive effect is 
based on the linear (slow) segment of the excision curve. It 
is possible, however, that different excision kinetics apply 
to alkylated bases resulting from environmental exposure to 
very small doses. In rat liver, the rate of excision has indeed 
been shown to be inversely related to the initial amount of 
O'-methylguanine produced’?’"*. 

The different components of the O%-methylguanine 
removal curve in rat brain may represent DNA fractions 
within the chromatin complex having a different accessibility “ 
to repair enzymes’. Alternatively, the different slopes may 
reflect the repair capacity of different brain cell populations, 
for example neuronal versus glial cells. The latter possibility 
is being investigated. If the persistence of O*-alkylguanine in 
DNA leads to mutational events responsible for malignant 
transformation, the slow component should represent glial 
DNA, since the tumours induced by MNU and related 
carcinogens are almost exclusively of glial origin. 
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' Daunorubicin and adriamycin 
facilitate actinomycin D 
binding to poly(dA-dT) - poly(dA-dT) 


ACTINOMYCIN D (Fig. la) binds to DNA by intercalation of 
the phenoxazone ring between adjacent base pairs of the 
double helix’™*. There is a general requirement for a 
guanine base at the actinomycin D binding site on DNA, 
as illustrated by the observation that actinomycin D does 
not intercalate into double-stranded (ds) poly(dA-dT)-poly- 

'< (dA-dT) (refs 1-4). Daunorubicin, adriamycin (Fig. 15) and 
ethidium bromide (Fig. tc) also intercalate into dsDNA, 
but in contrast to actinomycin D, these drugs do not show 

> any requirement for a particular base at the intercalation 
site™’, Both actinomycin D and ethidium bromide do, how- 
ever, show definite preferences for binding to certain 
sequences of nucleic acid. bases at the intercalation site’. 
In this report we show: that daunorubicin and adriamycin 
facilitate strong binding of actinomycin D to poly- 
(dA-dT)-poly(dA-dT) and we discuss the implications of this 
new observation. 

Circular dichroism (CD) spectroscopy is a particularly 
sensitive technique for monitoring the formation of a 
complex between drugs and nucleic acids. Both dauno- 
tubicin and actinomycin D are optically active and give rise 
to circular dichroism spectra which undergo characteristic 
changes when these drugs bind to DNA, synthetic poly- 
nucleotides, or oligonucleotides (refs 6; 12-19 and our un- 
published observations)... The intercalated complex of 
actinomycin D with DNA is characterised by a large nega- 
tive band in the 440-490-nm region, whereas actinomycin 
D in dilute aqueous solution or in solution with 
poly(dA-dT)-poly(dA-dT) has only a negligible band in this 

wregion (Fig. 2). Daunorubicin and adriamycin exhibit a 
broad weak positive CD band in the 440-480-nm region, 
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which is intensified following binding to DNA or poly- 
(dA-dT)-poly(dA-dT) (Fig. 2). The circular dichroism 
spectra of poly(dA-dT)-poly(dA-dT) with daunorubicin or 
actinomycin D, and of an equimolar mixture of the two 
drugs with poly(dA-dT)-poly(dA-dT) are also shown in 

Fig. 2. The appearance of the strong negative band in the 


450-490-nm region of the spectrum of the equimolar mix. | 
ture of the two drugs with poly(dA-dT)-poly(dA-dT) results: 


from the simultaneous binding of these two drugs to poly- 


(dA-dT)-poly(dA-dT). The intensification of the 380-nm 
band of actinomycin D when it binds to poly(dA-dT) (which 


is readily apparent in the difference spectrum shown in 
Fig. 2) also indicates that daunorubicin cooperatively faci- 


litates the binding of actinomycin D to poly(dA-dT)poly- = 


(dA-dT). We believe that this is the first example of co- 
operative binding between two intercalating drugs. Ethi-. 


dium bromide intercalates into poly(dA-dT)-poly(dA-dT),. a 


but circular dichroism spectra indicate that ethidium’ 
bromide does not facilitate the binding of actinomycin D 
to poly(dA-dT)-poly(dA-dT), nor does the addition of 
actinomycin D significantly influence the binding of 
ethidium bromide to this polynucleotide (T.R.K., M.A. Y. &: 
R. V. Kastrup, in preparation). In related experiments, we 
have used *H-actinomycin D in equilibrium dialysis experi- 
ments, from which we estimate that the association constant 
for the binding of actinomycin D to poly(dA-dT)-poly- 
(dA-dT) in the presence of daunorubicin is ~ 4 10°M™ 
(T.R.K., W. E. Moehle & K. G. Rao, in preparation). 
These results raise several important questions. First, 
how does daunorubicin (or adriamycin) enhance the bind- 
ing of actinomycin D to poly(dA-dT)-poly(dA-dT)? Inter- 
calation of these drugs unwinds the DNA helix’™® and it 
is likely that the distortions induced in the double helix 
may be transmitted over several base pairs. The amino 
sugars of daunorubicin and adriamycin, and the cyclic 
pentapeptides of actinomycin D become located along the 
grooves of the double helix when the planar portions. of 
the drugs (Fig. 1) intercalate between the base pairs. The 
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R=OH Adriamycin 


Daunorubicin 
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changes in the double helical geometry of poly(dA-dT)-poly- 
(dA-dT) which accompany daunorubicin binding are pre- 
sumably responsible for the facilitation of actinomycin D 
binding to an adjacent region of poly(dA-dT)-poly(dA-dT). 

Thus the present results show that when daunorubicin 
binds to poly(dA-dT)-poly(dA-dT) a change occurs in the 
conformation of the polynucleotide at an adjacent region of 
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Fig. 2 Circular dichroism spectra of solutions of: a, 8.5 x 107° M 
daunorubicin (DR) and actinomycin D (Act D) alone and in the 
presence of 8.5 x 10-5 M DNA; b, 8.5 x 107° M daunorubicin plus 
8.51078 M poly(dA-dT)-:poly(dA-dT); 8.5 x10~-® M actino- 
mycin D plus 8.5 x 107 M poly(dA-dT)-poly(dA-T); 8.5 x 107° 
M actinomycin D plus 8.5x107* M daunorubicin plus 8.5 x 
107° M poly(dA-dT)-poly(dA-dT), The curve was 
calculated by subtracting the poly(dA-dT)-poly(dA-dT)+ DR 
spectrum from the poly(dA-dT)-poly(dA-dT)+DR+Act D 
spectrum which, to a first approximation, is an estimate of 
the circular dichroism spectrum of actinomycin D when bound 
to poly(dA-dT)-poly(dA-dT). All spectra were recorded on 
a Jasco J-40 circular dichroism instrument in a 4-cm path 
length cell at 20°C. All solutions contained 10 mM potassium 
phosphate buffer, pH 7.0. Essentially similar results were 
obtained at lower drug-to-phosphate ratios, as well as in the 
presence of 0.1 M NaCl. The spectra in which adriamycin were 
used in place of daunorubicon gave qualitatively similar results. 
7-Amino-actinomycin D has also been used in place of actino- 
mycin D with qualitatively similar results, The circular dichroism 
spectra in which ethidium bromide is used in combination with 
actinomycin D and poly(dA-dT)-poly(dA-dT) do not show the 
appearance of the large negative band in the 440-480-nm region. 
The circular dichroism spectrum (a) of a daunorubicin and 
actinomycin D solution (8.5 x 10-'M in each drug) is not 
equal to the sum of the circular dichroism spectra of the individual 
drugs (data not included) at all wavelengths, which shows that a 
small fraction of the daunorubicin and actinomycin D mole- 
cules form a heterodrug complex. These small effects do not 
influence the present results, however, or the interpretation 
of the data presented here because > 90% of the drugs are bound 
to poly(dA-dT)-poly(dA-dT) when the polynucleotide is present, 
and thus the concentrations of the free drugs are <1 x10-*M 
in the presence of the polynucleotides, which essentially eli- 
minates the formation of drug-drug aggregates. We have also 
studied the binding of actinomycin D and daunorubicin to 
poly(dA), poly(dT), and a poly(dA)-poly(dT) duplex, where 
we observed the synergistic binding of the two drugs only in the 
presence of the ds polynucleotide, poly(dA)-poly(dT). No 
cooperative binding of the drugs was observed when the ribo- 
polynucleotide poly(A-U)-poly(A-U) was used, which is not 
surprising because actinomycin D does not bind to polyribon- 
nucleotides'-* and daunorubicin has been previously reported 
to bind only weakly to polyribonucleotides*®. 
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the double helix which results in an increase in the stability 


of the actinomycin D-poly(dA-dT)-poly(dA-dT) complex. 
This transmission of the distortions of the nucleic acid con- 
formation along the double helix may also be an important 
component in the selective recognition of nucleic acid 
sequences (as for example, in promoter-operator com- 
plexes), and is related to the transmission of thermal 
stability from the G-C region to the A-T region which has 
been observed in block oligonucleotides such as d(CisAus)- 
d(TisGi;) (refs 20-22). 

Second, do daunorubicin and actinomycin D (or adria- 
mycin and actinomycin D) both intercalate into poly- 
(dA-dT)-poly(dA-dT)? The shape of the circular dichroism 
spectra in Fig. 2 suggests that both chromophores are inter- 
calated, but nuclear magnetic resonance experiments on 
complexes of these drugs with oligonucleotides are required 
to verify the geometry of the complexes” ™”, 


4 
Third, will these drugs bind cooperatively to DNA in 


vivo, and more important, will they exhibit a synergistic 
physiological activity if used in combination? In vivo, the 
primary mode of action of the intercalating drugs has been 
shown to be interference with the nucleic acid polymerases 
(see refs 25 and 26). In separate experiments (A. H. 
McHale, S. S. Holcomb, R. Josephson & T.R.K., in pre- 
paration) we have observed that actinomycin D does not 
inhibit the activity of E. coli DNA polymerase when 
poly(dA-dT)-poly(dA-dT) is used as a template, whereas 
daunorubicin and adriamycin give rise to the anticipated 
dose-response curves for the inhibition of this enzyme as a 
function of the drug concentration’*:****, The presence 
of actinomycin D does, however, affect the daunorubicin 
inhibition of poly(dA-dT)-:poly(dA-dT) synthesis, which 
also illustrates the synergistic interaction of the two drugs 
when both are bound to poly(dA-dT)-poly(dA-dT). We have 
been unable to find reports of clinical studies involving the 
combined use of either daunorubicin or adriamycin with 
actinomycin D either by themselves or with other drugs. 
The results reported here suggest that combinations of 
these drugs should be explored clinically. 

We thank R. V. Kastrup and K. G. Rao for assistance 
with parts of this research. This work was supported by 
research grants and a Research Career Development 
Award (to T.R.K.) from the National Cancer Institute. 
T.R.K. is an Alfred P. Sloan Fellow. 
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Imaginative immunology 


B and T Cells in-lmmune Recognition. 
Edited by F. Loor and G. Ë. Roelants. 
Pp. xviii+-504. (Wiley-Interscience: 
New York and London; 1977.) £18.50; 
. $37.50. 





A RATHER unimaginative title for a 
rare, imaginative immunology book. 

The editors, Francis Loor and 
Georges Roelants, members of the 
staff of the Basel Institute of Immun- 
ology for long enough’ to. reflect its 
eclectic atmosphere in their choices, 
bring together twenty. chapters that 
leave out little that is relevant to those 
concerned with the way cellular 
immunology is going. 

No complement, gut immunology or 
parasite diseases. Otherwise, those 
interested in autoimmunity, immuno- 
deficiency, lymphoproliferative malig- 
nancy, HLA-associated disease, cell- 
mediated cytolysis, the major 
_histocompatibility complex. (MHC) its 
Yrole in lymphocyte activation and its 
relevance to transplantation in man, 
will find competent chapters by Fye, 
Moutsopoulos and Talal (auto- 
immunity), Cooper and Seligman 
(immunodeficiency and lymphoid malig- 
nancy), Ryder and Svejgaard (HLA- 
associated disease), Dausset and 
Fradelizi (MLR genes and transplanta- 
tion), Cerottini and Brunner (cell- 
mediated cytolysis) and ` Bluestein 
(MHC and lymphocyte activation), 

Those wondering whether immun- 
ology still has anything to do with the 
understanding and therapy: of cancer 
will find a concise review of the ctrrent 


-state of the clinical -and experimental 


art by Mitchison. 

But there is also information for the 
developmental immunologist. From the 
wider biological world of LeDouarin, 
who candidly admits that “the actual 
immunological function of the thymus 
is well documented only for Aves and 
Mammals; only little information has 
been produced concerning the thymus 
equivalent organs found in other verte- 
brates”. From the ontogeny perspective 
of Owen who concludes his chapter on 

_. “Qntogenesis of lymphocytes” with the 
“remark that “many basic questions of 
immunology are essentially problems of 
- lymphocyte differentiation’, a remark 
¿that gains reality as one wanders 
through Beverley’s chapter on 
“lymphocyte heterogeneity”. 


The role of thymic hormones is 
reviewed by Trainin, Small and Kook. 
But should one forget that immunology 
is only T or B cells, an excellent chap- 
ter by Roelants reminds us of “the 
regulatory role of macrophages in im- 
mune recognition’, This is not the 
only healthy reminder of the variety 
of present day immunology. ` 

Lymphocytes “go round’, a fre- 
quently forgotten event competently 
reviewed by Sprent in a chapter on 
“migration and lifespan of lympho- 
cytes”; the chapter by Schreier and 
Nordin entitled “An evaluation of the 
immune response in vitro” is certain to 
become a classical chapter of twentieth 
century immunological literature. This 
is the only chapter in the book from 
which the editors requested original 
data (we are told in the preface). Their 
intention was to illustrate how cautious 
one must be with in vitro experiments 
on the immune response. In it, one 
learns how varying rocking, feeding 
and adding mercaptoethanol to cell 
cultures placed in different dishes, leads 
five different investigators to being 
equally right in their five different con- 
clusions. 

Humour is not restricted to this 
latter chapter. Parkhouse and Abney’s 
chapter on “Biochemical approaches 
to receptors for antigen on B and T 


reviews 


Maria de Sousa 





lymphocytes” has both humour and 
sufficient facts and arguments to: help 
readers find their way through an area 
of much controversy, separately re- 
viewed by Goodman in the chapter on 
“The specificity repertorie and antigen 
receptors of T and B lymphocytes”. 

It is the reviewer’s own bias and in- 
terest to find evidence of roots of future 
in present day texts, that leads me to 
conclude by stressing the importance of 
the four most enlightening chapters: 
Loor’s on “Structure and dynamics of 
the lymphocyte surface”, Klaus’ on 
“B cell maturation’, Nabholz and 
Miggiano’s on “The biological sig- 
nificance of the MLR”’, and Bretscher’s 
closing chapter integrating T and B 
lymphocytes in immune activation. 

Some minor printing errors: One 
wonders, for instance if Avrion 
Mitchison (p 338) did mean to say that 
“modern immunology starts with Foley 
and Prehn and Main”, knowing with 
all due respect, who else (including 
himself) was around at the time. 

A rare and imaginative immunology 
book indeed. 0 





Maria de Sousa is Head of the Cell 
Ecology Laboratory at the Sloan-Kettering 
Institute for Cancer Research, New York. 





Quark binding 





Quark Confinement and Field Theory. 
Edited by D. R. Stump and D: H. Wein- 
garten. Pp. 253. (Wiley: London, New 
York and Tokyo, 1977.) £18.70; $31.70. 


Tuis book offers a collection of papers 
presented at the workshop on quark 
binding held at the University of 
Rochester in June, 1976. The papers 
represent a cross section of current 
work on quark confinement and field 
theory. 

Various approaches to the study of 
collective phenomena, and classical 
solutions to Yang-Mills field equations 
are found in papers by Y. Nambu, T. 
Eguchi, K. Huang and D. Stump, and 
F. Wilczek. In an attempt to under- 
stand a different class of non-pertur- 
bative phenomena, N. Snyderman and 
G. Guralnik discuss dynamical sym- 
metry breaking. 





In two closely related papers, E. 
Poggio and J. Carrazone give sum- 
maries of their analyses of high orders 
in perturbation theory for Yang-Mills 
theories. The stumbling block of this 
method is, of course, a lack of knowl- 
edge about the infrared behaviour of 
the effective quark-gluon coupling 
strength. In another paper, P. Oleson 
offers a description of some aspects of 
this behaviour using a clever applica- 
tion of the renormalisation group. 

Theoretical descriptions of particles 
produced in e*-e” annihilation are 
offered in three papers. V. Matveev 
presents a phenomenological hydro- 
dynamic model of collective resonances, 
a model which he suggests may have 
applications in the description of e*-e7 
production of resonances. A more con- 
ventional model is used to describe 
charmlonium by T. Yan. Yan presents 
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an excellent analysis using an effective 
field theory with a linear potential. A 
phenomenological model which attempts 
to describe charmed particle decays is 
presented by V. Mathur. 

Each of the remaining three papers 
deals with areas with little connection 
to other work presented at the con- 
ference. In a discussion of covariance 
problems in two dimensions, C. Hagen 
questions the validity of light cone field 
theory. Deviations from scaling are 
analysed by H. Politzer, using the re- 
normalisation group and the Wilson 
operator product expansion. An uncon- 
ventional model involving massive 
gluons and unconfined colour is pre- 
sented by R. N. Mohapatra as a 
possible explanation of high y anomalies 
and dimuon events, (It should be noted 


that recent experimental work, not yet 
made public at the time of publication 
of this collection, offers no evidence 
for the phenomena this paper attempts 
to explain.) 

This book contains some excellent 
reports on theoretical work on the 
quark binding problem and field theory, 
and would be appropriate for the 
shelves of physics libraries. For those 
who are actively working in these areas, 
however, purchase of this book seems 
an expensive way to acquire papers 
which are readily available either as 
reprints or as published articles. 

Larry McLerran 


Larry McLerran is a research associate in 
the Laboratory for Nuclear Science, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 





Fungal 

symbiosis 

The Biology of Symbiotic Fungi. By 
Roderic Cooke. Pp. xi+282. (Wiley: 


London and New York, 1977.) $21; 
£10.75. 








THe word Symbiotic in the title of this 
book is used in a much broader sense 
than most botanists have used it in 
recent years. Instead, the author 
adopts the older usage of de Bary, 
recently introduced again by D. H. 
Lewis, using the term symbiosis to in- 
clude any association between two 
organisms which involves long-term 
intimate contact. This includes, there- 
fore, both antagonistic (parasitic) re- 
lationships as well as the mutalistic 
relationships most commonly con- 
sidered by botanists to be symbiosis. 
The author recognises that some re- 
lationships exist which cannot with 
certainty be classified as antagonistic or 
mutualistic, and these he calls neutral. 
Neutral symbioses are particularly im- 
portant in associations of fungi with 
animals, 

Symbiotic relationships between fungi 
and animals, fungi and higher plants, 
fungi and algae (lichens) and between 
fungi and other fungi, are all con- 
sidered. As explained above, these are 
classified as antagonistic, neutral or 
mutualistic relationships; further, the 
fungi are divided on nutritional 
grounds, again following D. H. Lewis, 
into mnecrotrophic and biotrophic 
species. In this connection it may be 
mentioned that the author recognises 
-—and this will be welcomed by many 
plant pathologists—that quite a number 
of plant-pathogenic fungi are not easily 
characterised as necrotrophs or bio- 
...trophs; some seem to start their asso- 

Citi with their host plant as 











biotrophs, finishing up as necrotrophs, 
and these are clasified in this book as 
a distinct group, hemibiotrophs. 

A very wide range of possible associa- 
tions are thus considered; examples are 
discussed in each category with par- 
ticular reference to nutritional and 
other physiological relationships be- 
tween the two symbiotic associates. 
Five chapters are devoted to symbioses 
with animals and six chapters to 
symbioses between fungi and plants, in- 
cluding the lichen symbiosis. Since 
much more is known about fungus- 
plant symbioses than fungus-animal 
symbioses, one might expect that the 
inevitably more ‘concentrated’ material 
which appears in the chapters dealing 
with plants would lead to a degree of 
imbalance. This is not the case; the 
book gives a strong impression of unity, 
and this is all the more valuable in 
that it covers a range of topics which 
have never before been brought 
systematically together. 

Indeed, it is striking how similar, in 
many respects, the fungi involved in 
biotrophic associations with animals 
are to those similarly involved with 
plants. To take one example, it seems 
to be very common among biotrophs 
in both situations that they are 
difficult to culture axenically. This 
characteristic may become less notice- 
able as cultural techniques improve, 
but at present it is quite striking. 

This is undoubtedly a valuable book 
covering a wide field. It will be of 
interest not only to mycologists, but 
also to all botanists and zoologists 
interested in fungal symbiosis. Not 
many students will be able to afford it— 
let's hope that it is widely bought by 
departmenta! libraries. P. W. Brian 





P. W. Brian has just retired as Professor 
of Botany at the University of Cambridge, 
UK. 
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Introducing 
cryobiochemistry 


Cryobiochemistry: An Introduction. By 
Pierre Douzou. Pp.x+286. (Academic: 
London and New York, 1977.) £12.60; 
$24.65. 





PROFESSOR Dovuzou’s book on the 
theory and practice of low temperature 
biochemistry appears at a time of in- 
creasing interest in the technique, and 
when the first reports of it being used 
at its full power are beginning to 
appear. The aim of the technique is no 
less than the thermal resolution of the 
individual steps in biochemical pro- 
cesses, especially enzyme reactions, 
and the stabilisation of intermediates 
for timescales sufficient for their 
detailed examination by the more 
powerful analytical techniques. This 
is an exciting prospect for the mole- 
cular biochemists, and this book is 
doubly welcome, because not only has 
Professor Douzou, as the major 
pioneer of the field, given us the gift 
of his ten years of experience and 
development of the subject, but he has 
also presented it in a well written and 
clearly organised text. 

The major experimental problem of 
ensuring that even in solutions of 
mixed solvents at temperatures down 1 
to —100°C the proteins are both 
structurally intact and functionally, 
potentially competent, is dealt with at 
length. The book also provides in- 
valuable guidance in choosing solvent 
systems, the pH, dielectric constant 
and viscosity at subzero temperatures 
of which are closely matched with 
those of the normal room temperature 
environment. In this respect, the book 
fulfills the function of a laboratory 
handbook on low temperature pro- 
cedures, with many specific examples, 
drawings of special apparatus and 
tables .of physical properties of mixed . 
solvent systems. At the same time the 
book reveals its origins as a lecture 
course, in beginning each section at 
the most elementary level and taking 
the reader step by step, from the pro- 
perties of mixed solvents, through 
their effects on enzyme activity, to the 
study of biological molecules at sub- 
zero temperatures. 

This is a first-class introduction in 
both the theoretical and practical 
sense to what is bound to become an 
increasingly important technique in 
biochemistry. 


C. C. F. Blake 





C. C. F. Blake is Lecturer in Molecular 
Biophysics at the University of Oxford, 
UK. 
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Hartree—Fock 
method 


The Hartree-Fock Method for Atoms: 
A Numerical Approach. By C. Froese 
Fischer. Pp. 308. (Wiley Interscience: 
London and New York, 1977.) £17.20; 
$29. 





Tae Hartree-Fock (HF) method means 
different things to different people. The 
one point in. common is that a wave 
function ® for a many-particle system 
is constructed: from. anti-symmetrised 
products of one-particle functions ọ, 
and that the latter are fully optimised. 
In many-body theory, as used in 
nuclear and. solid-state calculations, ® 
is taken to be'a single determinant. 

In applications of. HF theory to non- 
relativistic atomic structure calcula- 
tions, which is the subject of this book, 
the condition is invariably imposed that 
© must be an eigen function of total 
spin and total orbital angular momen- 
tum operators. In-all but the simplest 
cases, this condition implies that ® 
must be a linear combination of several 
determinants. The HF approximation 
for atoms is sometimes taken to imply 
the restriction that © is constructed 


from functions g, all belonging to the 
same configuration (although the exact 
meaning of this statement is not always 
clear, as is illustrated by Froese 
Fischer’s discussion of the Is2s'S state). 
In 1939, Hartree, Hartree and Swirles 
showed that this restriction need not 
be made. They introduced the multi- 
configuration method (MCHF), which 
has been used extensively in recent 
years, and provides one of the most 
powerful known methods for calculat- 
ing accurate atomic wave functions. A 
great deal of skill has been devoted to 
the development of the numerical and 
computational techniques required for 
this work, and they are clearly de- 
scribed in this book, which puts par- 
ticular emphasis on methods using 
numerical integration of the equations 
(as opposed to those using expansions 
in terms of basis functions). 

The book gives a lucid account of 
the foundations of atomic HF theory, 
a detailed account for the specialist of 
modern MCHF work, and concludes 
with a useful discussion of available 
computer programs for atomic struc- 
ture calculations. 

M. J. Seaton 


M. J. Seaton is Professor of Physics at 
University College, London, UK 








Dielectric 
relaxation 


Dielectric Spectroscopy of Polymers. 


By Peter Hedvig. Pp. 430. (Adam 
Hilger: Bristol; Akademiai Kiado: 
Budapest, 1977.) £17.50. 





In the past decade, an attempt has been 
made in many laboratories to unify the 
study of the dielectric, mechanical and 
nuclear magnetic resonance (NMR) 
relaxations in solid polymers, into a 
coherent spectroscopy. -The underlying 
desire in this attempt:-was to put 
forward an interpretation on the 
molecular level for the observed relaxa- 
tions. Although such a unified approach 
has not yet been achieved, Peter 
Hedvig’s book is an excellent up-to-date 
review on efforts. towards this aim. 
This first two chapters deal in a con- 
cise and precise way with the principles 
of dielectric spectroscopy and structural 
transitions and molecular mobilities in 
solid polymers. Transitions in the 
glassy state involving local molecular 
motion are discussed using the potential 
barrier theory. Cryogenic relaxation 
phenomena are presented together with 
the molecular level interpretation. 
Transitions ‘in the crystalline phase in- 
volving defects and orientation effects 
are discussed, well illustrated and sup- 
ported by an extensive list of references. 
These are followed by three chapters 


which present both the experimental 
techniques and results of dielectric, 
mechanical and NMR spectroscopies 
together with dilatometry and differen- 
tial thermal analysis. The depolarisa- 
tion technique and the new time 
domain method (Fourier method) are 
presented in detail. Dielectric spectra 
of both pure polymers and polymer 
compounds are examined both from 
the chemical structural point of view 
as well as from the point of view of 
‘physical’ phenomena such as plastic- 
isers and filler effects. 

In the last two chapters the study 
of crosslinking and ageing processes by 
dielectric spectroscopy is presented. 
These chapters are unique and original 
in the literature, and are of special 
interest to those involved in the techno- 
logical aspects of dielectric spectro- 
scopy of solid polymers. 

In the Appendix the relaxation maps 
of 31 polymers are presented. This 
collection is of value to the experi- 
mentalist working in dielectric and 
mechanical spectroscopy fields. 

All in all, the book is informative, 
well balanced, well illustrated and has 
few errors. It is strongly recommended 
both for the experimentalist in the field 
of dielectric relaxation as well as for 
the advanced student of that domain. 

Shimon Reich 





Shimon Reich is a Senior Scientist in the 
Polymer Department at the Weizmann 
Institute of Science, Rehovot, Israel. 
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Metabolic 
yearbook 


The Year in Metabolism, 1975-1976, 
Edited by Norbert Freinkel. Pp. 353; 
(Plenum Medical: New York and 
London, 1977.) $27. 





Tms is the first of a new series of 
annual publications in which the pre- 
vious year’s developments in: selected 

broad areas of metabolism related to- 
human disease are reviewed, The 

following topics were chosen: hormone 
receptors, cyclic nucleotides and con- 
trol of cell function; diabetes mellitus; 

glucagon; body. fuel metabolism; 

obesity; lipid and protein metabolism; 

amino and mono amino organic acids; 

purine and pyrimidine metabolism; 

vitamins and minerals; urinary stones; 
the metabolic aspects of ethanol. 


The topics chosen are appropriate 
because there is updating to be done 
in each case, and in some cases the 
authors have had to be selective within 
their chosen field; for example, 
chapter 9, “What’s New-—-Vitamins and 
Minerals”, deals only with vitamins € 
and D, although the author indicates 
that there may be changes in the future; 


I found little of substance to criticise 
in this book but I am left in some doubt 
as to its most appropriate target. The 
honours student in biochemistry . will 
find it much too clinically orientated, 
and the undergraduate medical student 
as well as almost all postgraduate 
medical students will find it much too 
detailed in a few narrow spheres. It-is, 
in my opinion, a book for specialist 
metabolic physicians and medical re- 
search workers, as well as others who 
wish to read an up-to-date account of 
one of the topics covered. It will be 
invaluable for them. 


The real test of this publication's 
success will be the extent to which the 
impetus which has brought it into being 
can be maintained. This implies that 
each chapter should be re-written for. 
each new edition: If this canbe done, ~ 
it may well provide a needed inter- 
mediate between the very condensed. 
but comprehensive publications of the 
Annual Reviews type, and several very 
good, well-edited and up-to-date large 
textbooks on the subject, with all of 
which it will be in competition, 


R. W. E. Watts 





R. W. E. Watts is Head of the Division of 
Inherited Metabolic Diseases at the MRC 
Clinical Research Centre, Harrow, UK. 
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Wernher von Braun 





ONLY occasionally may it be claimed 
that a single individual has exerted a 
major influence on a global scale during 
his lifetime. For von Braun, who died 
in America on 16 June 1977, the claim 
may be justified since his work was of 
critical importance in war and peace 
throughout the turbulent years of the 
middle decades of this century. There 
was, too, a uniqueness about von Braun 
—that he exerted these influences in two 
nations divided for half of his life by 
two World Wars. For although his later 
triumphs belonged to America, who 
claimed his citizenship for the last 20 
years of his life, he was a German by 
birth who created a devastating weapon 
of war in support of Hitler’s regime. 


Wernher von Braun was born in 


Wirsitz, Germany on 23 March 1912, ° 


the second of the three sons of Baron 
Magnus von Braun and Baroness Emmy 
von Braun (née von Quistorp). The 
ancestral family estates and his early 
environment might well have led 
Wernher to a traditional cultural life, 
but for the circumstance that his 
mother was an exceptional person. The 
Baroness was an amateur astronomer 
who presented Wernher with a tele- 
scope as his confirmation gift. We have 
von Braun's own authority for the 
statement that it was this event and 
his early reading of an article in an 
astronomical magazine describing an 
imaginary trip to the Moon which fired 
his determination to join the Verein fiir 
Raumschiffahrt (VfR-Society for Space 
Travel) in 1929. He was then a student 
ai the Berlin Institute of Technology 
and the VfR, with Hermann Oberth as 
President, although founded only two 
years previously, was a thriving con- 
cern with over 500 members. 

This VFR began the real German 
experimental work on rocket flight 
from the Raketenflugplatz at Rein- 
ickendorf on the outskirts of Berlin. 
Von Braun participated in the estab- 
lishment of this ‘rocket flying field’ 
from which in 1931 the VfR claimed 
to have launched a hundred liquid- 
fuel rockets and made three hundred 
Static firing tests. Altitudes of a mile 
were achieved but in spite of these 
successes the VfR almost immediately 
suffered from the economic depression 
in Germany. Their difficulties were 
enhanced by the increasing objections 
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Von Braun, arm fractured in a car 
accident, surrenders to the US Army 
in 1945. With him, L to R: Maj-Gen 


Walther Dornberger (Peenemünde 
Commander) and scientists Lt-Col 
Herbert Axter and Hans Lindenberg. 


of the Berlin police to rocket flights 
within the city limits. 

Ironically it was this rapid decay of 
the VfR which determined von Braun’s 
future, for, in its desperation the group 
sought support from the German army. 
In the summer of 1932 a demonstration 
of a Repulsor (the liquid-fuel rocket 
of the successful 1931 tests) was given 
at the army proving grounds at 
Kummersdorf. This demonstration did 
not save the VFR—by 1933 it was bank- 
rupt and was finally extinguished by 
Hitler and the Gestapo—but the army 
had been greatly impressed by von 
Braun and invited him to do the experi- 
mental work for his doctor’s thesis 
(he graduated in 1932) on rocket com- 
bustion phenomena at Kummersdorf. 

The army’s rocket work was under 
Captain (later General) Walter 
Dornberger and his acquisition of von 
Braun was to prove an event of major 
significance. Two years later his rockets 
were reaching an altitude of 6,500 ft, 
and in 1937 the army rocket group of 
80 personnel with von Braun as tech- 
nical director moved to Peenemi‘inde on 
the Baltic coast. There. under pressure 


from the army to develop a missile with 
a range of 150 to 200 miles and capable 
of carrying a one ton warhead, von 
Braun and his team created modern 
rocket technology. At last in October 
1942 when a test rocket reached an 
altitude of 50 miles and travelled 120 
miles, Hitler ordered top priority for 
the work. 

The attacks against London with the 
V1 (the buzz bomb) began on 12 June 
1944. On 9 September 1944, three days 
after the Chiefs of Staff reported that 
all the VI launching sites had been 
captured, the world’s first ballistic 
rocket, the V2, fell on London. These 
attacks continued until 27 March 1945 
when all the launching sites had been 
captured. These V1 and V2 missiles of 
von Braun had killed 8,938 people and 
injured 24,504 mainly in the London 
region, 

For von Braun it was an immense 
achievement—8,000 VI’s had been 
launched against London alone, 1,115 
V2’s fell on southern England and the 
Germans claimed another 2,000 had 
been launched against targets on the 
continent. The V2 as a ballistic missile 
was far in advance of anything conceiv- 
able elsewhere in the world. Weighing 
12 tons at take-off the device was 40 ft 
long. 5.5 ft in diameter and could carry 
a one ton warhead 180 to 200 miles. 
The engine, using a turbo-pump-fed 
liquid oxygen and alcohol mixture and 
generating a sea-level thrust of 56,000 
pounds worked for a minute after which 
the trajectory was entirely ballistic. The 
V2 had an inertial guidance system with 
two free gyroscopes, levelling pendu- 
lums and an integrating gyro-acceler- 
ometer. The rocket climbed 60-70 
miles and five minutes after lift-off 
dropped on the target with a speed of 
3,500 miles per hour. 

Familiarity with contemporary rock- 
ets should not be allowed to obscure the 
monumental nature of von Braun’s 
technological achievement in the dev- 
elopment of the V2. It was a weapon 
which many experts in the Allied coun- 
tries believed to be. impossible to 
achieve and against which there was no 
defence. The effect of the V2 on the 
outcome of the War could well have 
been decisive if Hitler had not diverted 
priorities from Peenemiinde to the Luft- 
waffe which curtailed von Braun’s 
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the period from 1940 until 
1942. There were also inter- 
nal disputes when Himmler attempted 
to take control of the project 
which led to von Braun's arrest by the 
Gestapo and his imprisonment early in 
1944 from which he was released after 


efforts in 
the end of 


an event 


two weeks only by the personal inter- 


vention of Hitler 


The second phase of von Braun’s 
career in America culminating in the 
development of the Saturn rockets 
which launched men to the moon has 


received great publicity and is far better 
documented than the remarkable epi- 
sodes in 1945 escape 
from Peenemiinde and his surrender to 


surrounding his 


the American army. In January 1945 
when it was clear to him that Hitler’s 
Reich was about to collapse, he met 


secretly with his top staff members to 


decide whether to obey the directive 
to stand firm at Peenemiinde and 
fall into the hands of the advancing 
Russians or escape to the south and 
surrender to the Western Allies. The 
almost unanimous decision to escape 
was assisted by an enormous bluff 
5.000 employees and their families 


together with vast amounts of literature 
out from 
1945 in 


and equipment set Peene- 


miinde in February railway 


trains, trucks and cars blazing promin 
ent signs indicating a purely mythical 
‘Project for special disposition.” Car 
rying one of several contradictory 
orders implying that rocket research 
was to continue in the Harz mountains 
the von Braun convoy forced its way 
through road blocks, the SS and Ges 
tapo and eventually reached Bleich 
erode in the Harz mountains. 12,000 


tons of equipment shipped from Peene- 
earmarked to 
the Harz 
captured by the Russians in 


miinde and follow von 
Braur to 


tually 


mountains was 


Braun found 
SS General 
tried to take 


“t Bleicherode 
himself 
Kammler 


von 


faced with the 


who had earlier 


over Peenemünde but Kammler 
thought he could bargain better with 
the approaching Allies if he used von 


Braun and his team as hostages and he 


placed them in a prison camp ät 
Braun 
managed to disperse his group into the 


surrounding mountains and it was from 


Oberammergau. Eventually von 


that region of the Bavarian Alps that 
he surrendered to the Americans early 
in May 1945. They had acquired one 


of the great technical prizes in history 
for from the Peenemiinde team 
underground V2 
Niedersachswerfen 
cantured intact 
When he arrived 


apart 


the huge assembly 


plant at was 


it Bleicherode. von 


Braun hid 14 tons of documents about 
the Peenem‘inde developments in a tun- 
nel near Dérten at the northern edge 
of the Harz mountains. These and 
large amounts of the V2 material 
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(enough for about 100 rockets) were 
removed from the region only days 
before the Russian army moved in. Six- 


teen Liberty ships transported the cargo 


from Antwerp to New Orleans and 
within a year the Americans were 
gaining invaluable experience and 


commencing their upper atmosphere 


researches by launching the reassembled 
rockets from White Sands, New Mexico 


These complex and urgent move- 
ments were under the command of the 
US General Holger N. Toftoy, Chief 





of the Ordnance Technical Intelligence 
team in Paris. It was Toftoy who 
recommended that von Braun and his 
technical staff should be brought to 
the United States. On 23 July he was 
ordered to arrange the move but only 
for 100 of the staff and in early Aug 
ust 1945 he met von Braun at 
Witzenhausen to offer him a one vear 
contract in the US under Ordnance 
Corps custody. Before finally leaving 
for the US von Braun spent two 
weeks in England for meetings with 


Sir 
the Ministry of Supply who had heen 
the to 
British rockets during the war 

His American life began on 29 Sep- 
tember 1945 
members of 


Alwyn Crow and other members of 
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James P 
CO many vears 
was at Fort Bliss in El 
Gradwvally his arrived 
February 1946 they were complete and 


was 
for 
Paso 
team and 
at work on assembly and testing of the 
converted V2’s. The first launching 
from White Sands. New Mexico was on 
16 April 1946 and the launchings of the 
captured V2 rockets continued for six 
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Holding a model of the successful Explorer satellite launch 
Director of the Jet Propulsion Laboratory) 


years during which time the U.S. Army 
continued to from the 
V2 technology Braun's 
guidance 

In 1947 von Braun was given permis- 
sion to return to Bavaria to marry his 
18 year old second cousin Maria Louise 
von Quistorp, and there are two daugh- 


move forward 


under von 


ters and a son of the marriage 
In October 1949 the Secretary of the 


Army gave formal approval for the 
transfer of the rocket group to the 
Redstone Arsenal in Huntsville. 
\labama. The move in 1950 involved 
500 military personnel, several hun- 
dred U.S. civilians and the technical 
core of von Braun and 130 members 


of his original Peenemiinde staff. Hamill 
was in charge. with von Braun as dir- 
ector of the Guided Missile Develop- 
ment Division 

These were critical years for the US 
missile developments the 
needs of the Korean War the Redstone 
First fired from 
1953 it 


spurred hy 
missile was developed 
Cape Canaveral in August 
the first missile to be in operational use 
in the US Army and was soon to play 
an unforeseen and dramatic part in the 


was 


space research 

At that time intelligence 
found evidence that the USSR was in 
ın advanced stage of development of an 
intercontinental ballistic missile (ICBM) 
All three US armed services 
thereby spurred to vigorous develop- 
ment of an ICBM. The creation of the 
Army Ballistic Missile Agency in 
Huntsville under General Medaris was 
Braun tech 
Redstone rocket 
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form the 
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Wellcome \ or fondle a kitten or cat. Unfortunately, 
. e the complex life cycle of the causal organism 
ToxHAtest kit new, simple in toxoplasmosis, Toxoplasma gondii, 
| d centres on the cat family in which all stages 
an of this coccidian occur including the highly 
resistant and infective oocyst 


The Wellcome ToxHAtest Kitis a standard 

ised, indirect microtitration system for the 

rapid detection of antibodies to T. gondii 

Because the test detects mainly the somatic 

butalso the cuticular antibody, it can indicate 

the stage of infection when used in 

conjunction with the Wellcome Toxoplasma 
fluorescent antibody test 
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The Science 


Dictionaries 


Three useful and up-to-date works of reference 
intended not only for students, teachers and 
researchers but also for science journalists and the 
general reader. 

Each book is designed for easy use ~ entries are 
arranged alphabetically and defined under the most 
common form of term, with synonyms in brackets. 
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RADIATION 
PROTECTION 


J. Craig Robertson 

A guide for the layman faced with 
the problems of dealing with 
radioactive materials during the 
course of his work. Assuming no 
previous scientific knowledge, the 
book discusses, amongst other 
things, different types of 
radioactive sources and how to 


shield the various radiations they 
emit. 
October 1976 £4.95 


For further details please write to 
Anne Calcott (N), The Macmillan 
Press, Little Essex Street, London 
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separate units is reflected in this concise dictionary 
which brings together in one volume all the main 
branches of zoology and botany. Selected terms in 
related fields of biochemistry, endocrinology, animal 
behaviour and palaeontology are also included. All 
major plant and animal classes are fully described as 
well as the more important orders, and common 
names of animals and plants are cross-referenced 

to their appropriate taxonomic groups. 

1977 £5.95 392pp 


A Dictionary of Earth 


Sciences 
Stella E. Stiegeler 


The subjects covered here include geophysics, 
structural geology, geomorphology, oceanography, 
stratigraphy, palaeontology, sedimentology, 
climatology, meteorology, soli science, cartography, 
mineralogy, petrology and surveying. The terms 
defined reflect the recent modification of traditional 
concepts and the resulting development of 
terminology in the earth sciences. In soil science, 
for example, a new system of classification is now in 
in use, with a completely new terminology for the 
soil orders, 


1977 £5.95 320pp 


A Dictionary of Physical 


Sciences 
John Daintith 


This book covers the main branches of physics, 
chemistry and astromony - from Abbe condenser to 
zoom lens and zwitterion. A selection of relevant 
terms from the related fields of electronics, computer 
science and mathematics is included. Full accounts 
are given of the properties and uses of the chemical 
elements and many of their compounds. All the 
chemical terminology used is that recommended by 
the International Union of Pure and Applied 
Chemistry. 


1977 £5.95 352pp 


To order a copy of any of these books, please send 
£5.95 plus 50p carriage to Technical Book 
Services, P.O. Box 79, Maidenhead, Berkshire 
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was a Redstone missile lengthened to 
hold more propellant and the engine 
was modified to burn a new fuel— 
hydyne, a mixture of unsymmetrical 
dimethylhydrazine and diethylene tria- 
mine. The second stage was a cluster of 
eleven solid-propellant rockets and the 
third stage fitting inside the ring of the 
second stage comprised three solid fuel 
rockets. Von Braun stabilised the 
system by spinning it rapidly during 
flight and on its first flight from Cape 
Canaveral in September 1956 this 
remarkable vehicle reached an altitude 
of 682 miles and travelléd 3,400 miles. 

Tronically and almost immediately the 
Army was ordered to concentrate on 
short range missiles while the control 
of the ICBM programme passed to the 
Air Force. External events, however, 
once more determined a different 
destiny for von Braun. 

In 1954 he showed that it would be 
possible to launch. an earth satellite 
using the Redstone rocket assemblies 
as in the Jupiter missile. His scheme, 
under the code name Project Orbitor, 
was considered by an advisory group 
under Assistant Secretary of Defence 
Donald A. Quarles who outvoted the 
idea by 7 to 2 at a meeting 
on 9 September 1955, in favour of 
Project Vanguard, an alternative pro- 
posal from the Naval Research Lab- 
oratory. The official record states that 
the decision was based on technical 
recommendations of the advisory group. 
More probably the phrase covers the 
persuasion of President Eisenhower 
that the military association and the 
constraints of the secrecy classification 
on the Jupiter C rocket would be 
harmful to the peaceful intent of the 
satellite project. In the event Vanguard. 
based on sounding rocket technology 
and aside from the main stream devel- 
opment of the U.S. military ballistic 
rocket, inadequately financed and with 
no appropriate priority, was an almost 
total disaster. 

In the turmoil created by the success 
of Sputnik One on 4 October 1957 von 
Braun again pressed his ‘case from 
Huntsville that he should be allowed to 
use the army’s Jupiter missile to launch 
a satellite. Three weeks after the 
launching of Sputnik he was given 
three and a half million dollars with 


a target date of 30 January 1958. 
Once more he triumphed—on 31 
January the Jupiter rocket placed 


Explorer 1, the first American satellite 
in Earth orbit which within a few days 
discovered the zones of trapped par- 
ticles around the Earth (the van Allen 
zones). The decade of intense techno- 
logical rivalry between the US and 
USSR following these events would have 
borne a radically different aspect if von 
Braun’s advice had been followed in 
1955, 


After these events the Eisenhower 
administration took immediate action 
to create a unified US space effort. 
Following the advice of a committee 
under James R. Killian steps were 
taken to create a strong civilian- 
orientated agency to direct the manned 
and unmanned exploration of space. 
The National Aeronautics and Space 
Aci became law on 29 July 1958. Suc- 
cessively this National Aeronautics and 
Space Administration absorbed the 
8,000-strong National Advisory Com- 
mittee for Aeronautics, the Vanguard 
and NRL groups, the 2,800 staff of the 
Jet Propulsion Laboratory of CalTech 
and then in January 1960, President 
Eisenhower decreed that the vital army 
group, with 4,600 personnel under von 
Braun should be transferred from army 
to NASA control. On 1 July 1960 the 
transfer was effected when the Presi- 
dent personally visited and dedicated 
the facility as the George C. Marshall 
Space Flight Center with von Braun 
as director. 

Four years earlier von Braun had 
begun studies of rockets which would 
be far more powerful than the Redstone 
combinations. He knew that the rockets 
required for intercontinental missiles 
would never provide the thrust required 
to place man into space. In August 
1958 he already had approval to dev- 
elop a multiple Redstone/Jupiter com- 
bination with a thrust of 1.5 million 
pounds, and by the time of his absorp- 
tion into NASA he had a priority rating 
for the development of vehicle known 
as Saturn 1. In October 1961 this 162 ft 
long carrier rocket weighing a million 
pounds had its flawless test launching 
from Cane Canaveral. By January 1964 
a 3.700 pound test payload was placed 
in orbit. Thereafter von Braun pro- 
sressed majestically and incredibly to 
the targets of the Apollo programme 
and to the fulfilment of his vision. 

These early Saturn vehicles were 
mere stages towards the mammoth 
Saturn 5, the development of which 
was approved by NASA in January 
196? Standing 364ft high, Saturn 5 
weighed over six million pounds and 
could send 47 tons of payload to the 
Moon or place 140 tons in Earth orbit. 
The landing of Armstrong and Aldrin 
on the Moon in July 1969 was an 
overation of extraordinary complexity: 
an immense collaborative enterprise 
which von Braun and the Huntsville 
team made possible by designing this 
multi-million pound thrust rocket. 
From assembly to the count-down the 
monitoring system alone needed 10 
miles of tape storing over 2.5 million 
words. 

Von Braun witnessed the fulfilment 
of a youthful dream in his fifty-eighth 
year. No longer did it seem technical 
fiction that he wanted to proceed even 
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further along this path. He had designs 
to get man even further into space. 
First he would have strapped on solid 
rocket motors to the first stage of 
Saturn 5, then to-get.the men to Mars 
he planned to replace the existing 
liquid hydrogen-ọxygen third stage by 
a nuclear engine. But this remained a 
dream; NASA was forced to cut the 
space programme and within a few 
years of the climax. of Apollo. 11, von 
Braun had the chagrin of witnessing 
the dismantling of the facilities and the 
dispersal of the men who had made 
Saturn a reality. 

In 1970 von Braun was made Deputy 
Associate Administrator for Plans in 
NASA, an office which he held until 
his retirement at the age of 60. two 
years later. He then joined Fairchild 
Industries as Vice President for 
Engineering and Development but 
became ill with cancer and. retired 
finally a few months before his death, 

Von Braun was an extraordinary 
symbol of the age. His vision was. of-a 
nature which the establishment looked 
upon as science fiction but by. single- 
minded persistence he astonished: the 
world by succeeding through the laby- 
rinth of war and peace, first as a 
German and then as an American 
citizen. Although von Braun | was 
granted American citizenship in 1955 
and rescued the Americans from their 
despair in the face of the Soviet Sput- 
nik. there were those who could not 
forget that he laboured for the Nazis. 
But for von Braun the transformation 
was complete. He built his rockets to 
get men away from the earth—his 
imprisonment during the Peenemünde 
era resulted from an unwise remark 
that the V2 would help towards space 
travel-—and he succeeded. 

Bernard Lovell 





D. W. Holder 


Art the time of his death on 18 April 
1977, Professor Holder had been Head 
of the Department of Engineering 
Science at Oxford for close on sixteen 
years. In that time the laboratory had 
expanded at both the undergraduate 
and postgraduate level and much of the 
planning for this growth stemmed from 
his own initiatives. 

He was educated at Imperial College 
in the Department of Civil Engineering 
between 1941 and 1943 and sub- 
sequently in the Aeronautics Depart- 
ment under Sir Leonard Bairstow. 
After graduating he immediately joined 
the Ministry of Aircraft Production at 
the Aircraft and Armament Experi- 
mental Establishment at Boscombe 
Down but soon transferred to the Aero- 
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dynamics Division at the National 
Physical Laboratory where he remained 
until 1961. His promotion from the 
junior grades to Deputy Chief Scientific 
Officer in 1957 was rapid and his career 
at the NPL spanned some of the most 
dramatic changes seen in aeronautics. 

At the end of World War H, little 
was known about the behaviour of air- 
craft at transonic and supersonic speeds 
but the next decade was to change all 
that and Douglas Holder played an im- 
portant role from the outset. The first 
problem was to design and build the 
wind tunnels which would enable the 
aerodynamic phenomena to be investi- 
gated. The Aerodynamics Division 
chose to use induced flow tunnels and 
a series of these ranging from the 
original pilot model 9 inches by 3 inches 
in cross section to 36 inches by 14 
inches was constructed. 

Before 1949 research on flow at 
Mach numbers close to unity had been 
impossible because of the reflection of 
the normal shock from the tunnel wall. 
Extensive studies of slotted walls were 
conducted in the UK and the USA 
and Holder’s group at NPL made sub- 
stantial contributions to this new tech- 
nique which could eliminate tunnel in- 
terference effects. In addition to this 
work on tunnel design he made, with 
Gadd and Pearcey, important advances 
in shock wave boundary layer inter- 
action and aerofoil design so that the 
division as a whole established an en- 
viable international reputation. 

Following closely on this pioneering 
research on transonic and supersonic 
aerodynamics Holder next led the de- 
velopment of a series of shock and 
wind tunnels for the study of flight at 
hypersonic speeds, i.e. above about 
Mach 7. Completely new techniques 
were needed to drive such facilities and 
Holder, now head of all high speed 
aerodynamics at NPL, took a major 
role in planning and designing these 
devices. The flow durations in shock 
tubes and shock tunnels -range from 
tens of microseconds to a few milli- 
seconds but Holder was equally at 
home in this new field. He had very 
early demonstrated a highly developed 
skill in wind tunnel design and had the 
ability, which may be the mark of the 
true engineer, to make rapid estimates 
of all the important design parameters 
for a new facility. Throughout this 
period he published, as he had always 
done, widely, and some of his papers 
are classics of their kind. 

In 196] he was invited to take the 
Chair of Engineering Science at Oxford 
to succeed Thom who was then retir- 
ing, and became at 37 the fourth holder 
of that post. The early sixties saw in 
Oxford, as in the UK as a whole, a 
rapid expansion of university engineer- 





ing departments and under Thom a 
major development had been initiated. 
Holder took over this work and guided 
it through to completion. Although he 
continued to take a keen interest in 
fluid dynamics he also saw the im- 
portance of maintaining and extending 
a broad base of knowledge and there 
are now two new chairs in structures 
and electricity, largely due to his fore- 
sight and persistence. 

His long association with aeronautics 
at the NPL made him an obvious 
choice as a consultant for industry and 
government and he was also much in 
demand in educational establishments. 
He was elected FRS in 1962 and served 
on many of its committees as well as 
its Council between 1969 and 1971. His 
wide range of activities outside Oxford 
constantly suggested new lines of re- 
search and development and together 
with Professor R. B. Duthie he estab- 
lished in Oxford a centre for ortho- 
paedic engineering and encouraged 
work in physiological fluid dynamics. 

Outside of Oxford his government 
advisory work was at the highest level 
and must remain obscured by confiden- 
tiality although he will be remembered 
for his chairmanship of the enquiry 
into Precision Approach Radar follow- 
ing the Gatwick disaster in 1969 and 
later, in 1971, his involvement at 
ministerial level in the technical de- 
cisions on the future of the RB-211 
engine. 

By nature he was reserved and the 
extent of his influence in both aero- 
nautics research and engineering edu- 
cation is a testimony more to his 
patient and persuasive skills than to any 
justifiable forcefulness in argument. 
He was an exceptionally able adminis- 
trator and dealt with what would 
appear a crippling work load with quiet 
efficiency. He was always ready to 
listen to his staff and research students 
and to encourage them to pursue new 
lines of investigation and he was 
generous to a fault to those who were 
in difficulties, although few around him 
would be aware of his very personal 
interventions. In this respect he was 
particularly effective on the University 
Staff Committee where he will long be 
remembered for his patient and skilful 
administration. 

In his views of the part that uni- 
versities should play in the industrial 
life of the country he was ahead of his 
contemporaries and with such wide 
experience and extensive contacts he 
often put his finger on promising lines 
of new work long before they were 
apparent to others. There are. alas. 
only a few of his calibre and he will be 
sadly missed in both university and 
industrial bodies. 

D. L. Schultz 
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Yves Guitton 


PROFESSOR Yves Gurrron died on 
6 July 1977 in Perpignan (France) at 
the age of 46. He leaves a wife and 
two sons. Head of the Laboratory of 
Plant Physiology, he was also chair- 
man of the University Group for the 
Biology of Development and Parasit- 
ology and Vice-president of the 
University of Perpignan. 

With a wide-ranging scientific back- 
ground, involving organic chemistry, 
nuclear energy research and micro- 
biology, he entered plant physiology 
and biochemistry because he felt the 
development of this field to be essen- 
tial for the future. His doctoral thesis 
was devoted to the metabolism of 
arginine during the germination of 
Pinus, and his contribution tọ the 
study of amino acids and nitrogenous 
substances was invaluable to French 
biochemistry. 

In 1966 he was appointed to the 
newly-created University of Perpignan, 
addressing himself to a problem which 
intrigued him: the role of nucleic 
acids in developmental processes. 
Arriving alone in his new laboratory, 
geographically isolated from the 
scientific community, Professor Guit- 
ton nevertheless created within ten 
years a laboratory equipped for all 
techniques of molecular biology. The 
research team which he built up is a 
leading group in French physiology, 
collaborating with others both at home 
and abroad. 

His recent contributions concern 
the metabolism of mRNA during 
the first hours of seed germination, 
mRNA stability and development- 
related changes in chromatin structure 
and composition. With his collabor- 
ators he was the author of around 
fifty publications in French and inter- 
national journals. 

In addition to his brilliant scientific 
career he involved himself with equal 
enthusiasm in his outside interests. An 
excellent footballer in his youth, he 
turned his attention to tennis after a 
serious accident, rapidly reaching a 
high standard. Many will remember his 
arrival at scientific conferences com- 
plete with tennis racquet, looking for 
partners among his American and 
British colleagues. In politics he was 
a highly active member of the Socialist 
party, deeply involved in the problems 
of his city. 

For those who knew him Yves 
Guitton will be remembered not only 
for his exceptional achievements, but 
perhaps even more for his enthusiastic 
approach to all which concerned him 
and his warmth and friendliness in 
any company. His premature loss will 
be deeply regretted by his many 
friends in the scientific community 
and in his city. Michel Delseny 
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Protection for the non-academic student 


Most people’s image of the educational system is of a 
pyramid structure, with a broad base up to the age of about 
16.and then a progressively narrowing superstructure as 
more and more students peel off into employment, until the 
giddy and narrow heights of the doctorate are reached Ina 
recent report the Organisation for Economic Cooperation 
and Development (OECD) asks some profound questions 
about the suitability of this structure for the present day 
(Selection and Certification in Education and Employment, 
OECD, 2 rue André-Pascal, Paris). One of the most 
interesting questions concerns the so called terminal/ 
transfer dilemma, and has a particular relevance in a period 
when secondary schools are being required to accept 
children of a very wide range of abilities into so-called 
comprehensive education. 

The OECD points out that such schools have to combine 
two functions previously fulfilled on separate tracks: that 
of preparing students to leave the educational system for 
employment, and that of training and most often selecting 
students for transfer to the next higher level. In practically 
all cases, claims the OECD, the result of this uneasy 
merger is that curricula and assessment practices are 
geared primarily to meet the needs of those who will move 
up, even if this number is actually a minority. The higher 
levels of the pyramid exert a strong influence on those 
beneath. It might be added that in many universities the 
same pattern exists for the sciences: the need to select and 


Read all about something 


“Many killed in earthquake ... where’s the pun in that?” 
a sub-editor on The Guardian is supposed, in newspaper 
mythology, to have said whilst appraising headlines. ‘Buy 
now while stocks last’ ran the headline to a leader in The 
Guardian last Saturday; true to form the content of the 
leader was not about declining resources or exceptional 
bargains—-it was another little poke at the quaint language 
that specialists use. Only a few weeks ago The Guardian 
was pointing out the intelligibility of New Society as 
opposed to the opacity of New Scientist and Nature. Now it 
returns to the fray to renounce its faith even in the access- 
ibility of the social sciences on the basis of an advertise- 
ment in New Society for a book An Eclectic Approach to 
Primal Integration, and it snips a highly technical sentence 
on adenylate cyclase out of last week’s New Scientist to 
reassure readers that we scientists are still at it. 

No doubt our colleagues on the New Scientist know 
how to defend themselves against these outrages, but for 
our part we simply say that at least our customers know 
what they are getting. Anyone who picks up an article 


train the postgraduate unduly influences the undergraduate 
curriculum. ; 

At the secondary level of education the move towards 
comprehensive schools has clearly been seen by its pro- 
ponents as a move towards greater equality of opportunity 
and freedom to find one’s own level. If however, compre- 
hensive schools develop in the way that the OECD de- 
scribes, they will only tend to emphasise failure. Those for 
whom such a school was never other than their last base 
before getting a job will find themselves -poor relations 
alongside those with obvious university aspirations who are 
catered for by examinations and school curricula with the 
word ‘university’ written all over them. 

If the so-called holistic structure of an educational 
system acts to the disadvantage of those with ‘mere’ 
manual and technical skills, does the alternative ‘aggrega- 
tive’ model, with tertiary education pursued in a much 
more diverse way, work any better? Certainly it could 
help to break a narrow academic grip on schools, but maybe 
at the high cost of fragmented tertiary courses, much poorer 
staff-student relationships and a general lack of direction 
in many students’ development. , 

Is there a middle path, that maintains the best of 
academic traditions without casting out the non-academic 
student into outer darkness? We must find an. answer in 
the next few years; the OECD report could be a valuable 
basis for discussion. CT] 


like it 


entitled ‘Analgesic activity of lipotropic C fragment 
depends on carboxyl terminal tetrapeptide’ can be under no 
illusions about what they are in for, whereas readers of 
The Guardian may have to search for a serious article on 
Indian corruption under a heading such as ‘Currying 
Favour’. Nor is ambiguity restricted to The Guardian. 
Every evening as we walk wearily from office to station 
we are assailed by placards for the evening newspapers pro- 
claiming ‘London-bound train crashes’, only to discover 
that a freight train from Glasgow has run: off the rails 
outside Preston. 

Our enthusiasm for this theme of misrepresentation 
having been raised, we were just about to go on in the 
same vein to wonder how many horticulturalists had bought 
John Betjeman’s A Few Late Chrysanthemums by mistake, 
how many glaciologists Margaret Drabble’s The Ice Age 
and so on when an uneasy feeling crept over us. After all 
in the office we do get a steady stream of offers of wildlife 
pictures. And we get the occasional phone call asking if we 
have the address of the World Nudist Federation, > O 
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Of time and the energy 


In another of an occasional series, Alvin M. Weinberg, 
Director of the Institute for Energy Analysis at Oak Ridge, 
Tennessee, comments on a difficult trade-off 











Quantum mechanics tells us that energy and time are 
conjugate variables. | am therefore much bemused these 
days by an observation pointed out to me by a young Swiss 
physicist, Daniel Spreng, that in a certain social sense energy 
and time are conjugates. What Dr Spreng means by this is 
simply that man expends energy in order to save time; more- 
over, when given the choice, he usually chooses to save time 
over saving energy. (To be more accurate, it is availability 
rather than energy that is usually meant in these contexts). 

This surely was the case during man’s early civilisation. 
Domestic animals did the job quicker, and slaves were 
acquired because they were a source of intelligent energy. 
The slave-owner therefore had more freedom of choice in 
using time than did the peasant who had to work his field 
himself. And each technological achievement (at least until 
the advent of information technology) represented such a 
trade-off: the industrial revolution, the transportation 
revolution, the agricultural revolution—always it was man 
in a hurry ready to spend more energy in order to save 
time. 

Actually this exchange of energy for time has a basis in 
thermodynamics, despite the well-known fact that thermo- 
dynamics never treats time explicitly. In thermodynamics 
we learn that the minimum free energy is expended when a 
process, like desalting, is performed reversibly. A reversible 
process. however, is usually considered to require an infinite 
amount of time: if we wish to save time, we must expend 
more energy since the process will then be performed 
irreversibly. Thus the minimum amount of work required 
to desalt 1,000 gallons of seawater is 3kWh: the actual 
amount used in a practical desalting device is ten or more 
times higher than this. 

Heat transfer processes can be performed reversibly in a 
finite time if the apparatus. particularly the heat transfer 
surface, is sufficiently large. In that case the temperature 
drops approach zero, and reversibility is achieved. But we 
must remember that the total energy required to conduct 
a process is actually the sum of two energies: the usual 
energy which is transferred from one body to another: and 
the energy that went into constructing the apparatus. 
Ordinarily we ignore the latter. But if the apparatus be- 
comes very large we ought not to ignore this since the 
energy that went into making the apparatus—the mining 
and refining of the metal, its frabrication, its transport- 
becomes very large. Thus the total energy goes through a 
minimum as the degree of irreversibility diminishes. To 
perform a task in a finite time requires more energy than 
to perform it in a longer time, either because we do it 
irreversibly or because to do it reversibly requires a very 
large apparatus that itself embodies a great deal of energy. 

Though T am bemused by the fact that time and energy 
can be regarded as conjugates, T do not put this forth as a 
magical talisman for guiding our course in the great energy 
debate, but simply as an antidote for the view that thermo- 
dynamics can guide energy policy better than can the evolv- 
ing values of our society, particularly as embodied in 
economics. This view seems to be promulgated. especially 
in the United States, by Barry Commoner and Amory 
Lovins, to mention the most notable. They assert. with 
truth, that in principle we can save energy if we do a better 
iob of matching the quality of the heat source with the 
quality of the heat required to achieve a given end. If water 
is wanted at 70 °C. why use a flame with a temperature of 
1,000 °C as the heat source? And in two widely read 
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Time savers, or energy wasters? 


articles. Commoner’s “The Poverty of Power”, which 
appeared in the New Yorker and then as a book, and 
Lovins’ “Energy Strategy: The Road Not Taken?” which 
appeared in, of all places, Foreign Affairs, much was made 
of maximising this ‘second law efficiency’. Indeed, the 
lesson thermodynamics teaches us for energy policy, accord- 
ing to Commoner and to Lovins, is mainly that we must 
maximise second law efficiency: in so doing we will save 
energy and create the good, that is, decentralised society, 
not to say eliminate nuclear energy. 

But all this is so one dimensional. To be sure energy is a 
finite good, and we suffer from a shortage of it. But there 
are other goods that are finite, and of these I would con- 
sider time to be the most fundamental. This, I suppose, is 
one of the prices we pay for our knowledge of our mor- 
tality: we value time because we know it is limited, and we 
will do much to save it and to expand our choices in using 
it. If the underlying trade-off is between energy and time, 
then we mislead if we try to use thermodynamics as a 
primary guide to energy policy since thermodynamics gives 
no value to time: it is prepared to speak of processes that 
are infinitely slow, that ignore man’s mortality. 

There are those who argue that we have passed the point 
where energy can be exchanged for time. For example, S. 
Linder in The Harried Leisure Classes points out that our 
energy-intensive technologies themselves rob us of time: to 
maintain our gadgets, to commute, to listen to the semantic 
drivel that our new technologies impose upon us. And I 
cannot deny the merit of Linder’s thesis: the Leisure 
Class is harried. 

Yet who is to judge whether the trade-off between energy 
and time is to favour energy or time—the energy revolu- 
tionaries such as Commoner and Lovins, or the rest of us? 
We are short of energy. but we are also short of other 
things. like time. A free society allows each c? us to make 
the choice. to allocate as we each decide. Economics. in the 
broadest sense, integrates all these trade-offs and judgments 

it allows us to weigh time against energy, or for that 
matter, any other good against energy. T would hope the 
energy revolutionaries could be persuaded to be a little less 
revolutionary and not reject these homely truisms of 
engineering economics for a world they would impose on 
us with their emphasis on thermodynamic analysis. g 


Nature Vol. 269 20 October 1977 


Planning Antarctica’s future 


The thirteen signatories to the Antarctic Treaty 
met in London earlier this month. Paul Cheeseright reports 


[S THE face of increasing inter- 

national economic pressures, the 
Antarctic Treaty is on the verge of 
substantial change, which could dilute, 
at least to some extent, the environ- 
mental stringencies practised to date 
by the signatory powers. The essential 
problem is how to control an area 
without having the recognised forms of 
sovereign jurisdiction. 

For three weeks in London the thir- 
teen consultative powers, as the signa- 
tories like to call themselves, tried to 
come to terms with the problem of 
finding regimes for the control of 
marine and mineral resources, while at 
the same time preserving the non- 
political approach which has hitherto 
dominated their scientific work. Inevit- 
ably their success has been only partial. 

This inevitability is the direct result 
of the framework in which the Treaty 
powers had to work. There are thirteen 
of them: Argentina, Australia, Bel- 
gium, Chile, France, Japan, New 
Zealand, Norway, Poland, South 
Africa, Britain, the USA and the 
USSR. They make an oddly variegated 
bunch of states, having either geo- 
graphical, historical, political or scien- 
tific links with Antarctica. 

The Treaty which binds them was 
signed in 1958 and came into effect in 
1961. Its effect has been to make the 
most inhospitable continent in the 
world a gigantic laboratory, where the 
work of one was subject to the inspec- 
tion of all in a demilitarised nuclear- 
free zone reserved for peaceful pur- 
poses. “The question of man’s impact 
on the Antarctic environment” is, the 
Treaty powers say, “a subject which 
subsumes all the main preoccupations 
of the Antarctic Treaty powers with 
regard to the area”. 

The early years of the Treaty’s exist- 
ence provoked no problems. The area 
was out of the way. The scientific work 
was expensive and only the powers in- 
volved were interested in making pro- 
vision for it. But in 1969 questions 
were being asked in the New Zealand 
parliament about the mineral resources 
of the region. The seeds of difficulties 
were being sown. 

There were two reasons for this. 
The first was that the Treaty itself 
made no mention of resources in the 
area and what to do about them. The 
second was that the Treaty effectively 


sr aa è le] 
froze all territorial claims to the area 


for thirty years. It was at least partly 
in order to lay the claims to rest for a 
generation that the Treaty was signed 


in the first place. 

Seven Treaty signatories have claims: 
Argentina, Australia, Chile, France, 
New Zealand, Norway and Britain. But 
these claims are not recognised by the 
other signatories and are not accepted 
even among the claimant powers, 
because the claims of Argentina, Chile 
and Britain overlap. In addition some 
15% of the Antarctic land mass is un- 
claimed. The danger of the mineral 
resources problem was that it could 
bring out into the open the territorial 
claims, because in the event of mineral 
exploration or exploitation there would 
need to be some jurisdiction over the 
activity. 


Rights questioned 

In recent years however, the rights 
of the Antarctic Treaty powers to 
define even loose methods of control of 
the area have been questioned. The 
United Nations Law of the Sea Con- 
ference embraced the concept that the 
oceans were the heritage of mankind. 
There is no reason, some Third World 
powers have argued, why the same con- 
cept should not be applied to Antarc- 
tica. 

In the event the problem of mineral 
resources has not had quite the same 
urgency as marine living resources. The 
latter involve primarily the krill, a 
crustacean seen by some scientists as a 
major untapped source of protein which 
could be harvested in sufficient quan- 
tities to double the world’s annual 


fishing catch. 

The depletion of the region’s whale 
stocks has led to an increase 
pointing to 


in krill 


stocks, the role of the 
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‘rill, caught on the wrong side of a whale 
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creature in the ecosystem of the 
southern oceans. But detailed know- 
ledge of the ecological interaction of 
the krill and other Antarctic marine 
species has not yet been accumulated. 
It is not even known whether the 
Antarctic contains one or numerous 
distinct krill populations. 

Nevertheless the proliferation of the 
krill and its ready exploitation have 
already attracted the attention of West 
Germany, which has reported catches 
of 40 tonnes an hour, the USSR, Japan, 
Chile and Poland. It has also been the 
subject of survey by the Food and 
Agricultural Organisation (FAO). 

The implications of all this for the 
Antarctic Treaty powers at the London 
meeting were serious. If environmental 
damage was to be prevented then it 
was necessary to find a regime of con- 
servation, but the regime would have 
to be voluntary. Unless national terri- 
torial claims with 200 mile economic 
zones were to be recognised in defiance 
of the Treaty and of some of its sig- 
natories, there could be no policing. At 
the same time the lack of any inter- 
nationally accepted system of authority 
meant that any nation could move its 
fishing vessels into the area. 

The Treaty powers are planning a 
conservation regime, which they hope 
will be ready for signature at the end 
of next year. Such a regime will em- 
brace several principles, they decided. 
In the first place it will include the 
“rational use” of resources, so har- 
vesting is not prohibited. In the second 
place they are mainly concerned with 
the seas south of latitude 60°S. 

The third principle is that the regime 
would exclude catch allocations. At the 
same time, however, it could involve a 
total catch figure. It is not clear how 
it is possible to have the latter without 
involving the former. 

The fourth principle is extension of 
the freezing of territorial claims into 
the conservation regime. The effect of 
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this is to ensure the rights of free access 
into the southern waters adjacent to the 
continental landmass. While this con- 
stitutes a leap over a major political 
hurdle and ensures a degree of order 
in the affairs of the continent, con- 
comitantly it means looser control. 

But the way has been opened for 
widening the international acceptance 
of the Treaty. The powers are con- 
sidering inviting countries like West 
Germany to take part in the drawing 
up of a conservation regime, and inter- 
national organisations like FAO could 
send observers. 

In general the Treaty powers are 
anxious that any nation which is active 
in the area should accede, so that prac- 
tical answers may be provided to prac- 
tical questions. The Treaty is not 
closed, but the powers remain con- 
cerned about the possibilities of he- 
gemony by an international organisa- 
tion which might diffuse authority still 
further and act not as a spur to action 
but as a block. 


Interim guidelines 

In the meantime, pending a definitive 
conservation regime for marine living 
resources, interim guidelines have been 
established. But they do not go beyond 
commitments to cooperate in research, 
coordinate shipping programmes and 
the exchange of catch statistics. The 


_ panies have already 


guidelines are accompanied by an ac- 
ceptance of the need not to harvest the 
resources to the extent that there will 
be depletion. 

In common with the principle adop- 
ted for marine living resources, 
control of the continent’s mineral 
resources will not affect the position 
on territorial claims. But the Treaty 
powers have made their strongest com- 
mitment so far not to engage in 
mineral resource exploration until a 
regime of control has been established. 
This they intend to work towards. That 
said, however, there is no theoretical 
reason why a company should not 
start drilling in the area. 

But this is not likely. Mining com- 
pointed to the 
distance of Antarctica from the world 
markets, the easier access available to 
resources in more hospitable climates 
and the expense of coming to terms 
with land covered by an ice sheet. The 
reservations of the companies are aiso 
held by experts from the Treaty 
powers. Their discussions and conclu- 
sions have taken a good deal of the 
pressure away from the need to reach 
quick solutions on control. 

It is thought that it will take at least 
five years to amass the scientific and 
technical data necessary to provide a 
foundation for exploration and subse- 
quent exploitation if conditions are to 


Ninety days and more 


As the Windscale inquiry draws to 
an end, Eben Wilson sums up progress 


ee Windscale inquiry has become 

an institution—-the British demo- 
cratic tradition gone wild in the interest 
of a public debate about nuclear power. 
In its ninety days, independent and 
government scientists from throughout 
Britain and abroad have for the first 
time been disagreeing and airing their 
uncertainties in public, while wrestling 
with the thorny problem of the close 
links between nuclear power develop- 
ment as an energy option and its social 
and political consequences for the 
future. 

The inquiry has taken over a civic 
hall of 1960s’ architectural utility in 
Whitehaven, a small town perched 
almost inaccessibly on the Irish Sea 
coast to the West of England’s Lake 
District, eleven miles from Windscale. 
Inside one large room, the inquiry in- 
spector, Mr Justice Parker, a high 
court judge, and his two assessors, Sir 
Frank Warner and Sir Edward Pochin, 
sit trapped at a green baize table 
among a pile of papers. They look out 


on five rows of lawyers, scientists and 
environmentalists who hide behind 
their green baize tables loaded with 
documents, articles and studies on 
nuclear power. 

Out of that sea of paper a pile of 
daily transcripts now four feet high 
has appeared. Many say .these will 
become an historic document, the 
quintessential reference work for the 
international nuclear debate. 

Although the inquiry is specifically 
trying to decide on a planning applica- 
tion to build an oxide fuel reprocessing 
plant (THORP) alongside  Britain’s 
present Magnox reprocessing facilities 
at Windscale, it has become the plat- 
form for discussions on Britain’s future 
energy options. Ranged against British 
Nuclear Fuels (BNFL), who own the 
present plant, is an array of pressure 
groups and individuals, from the 
established Friends of the Earth (FOE) 
to local housewives worried about their 
children. 

The Friends of the Earth have waged 
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be found which safeguard the conti- 
nental environment. Exploratory drill- 
ing itself might take ten years. In short 
the possibility of exploiting mineral 
resources is at least 15 years away, and 
probably more like 25. 

This assumes that the continent has 
hydrocarbon and other mineral re- 
sources economically worth exploiting. 
This is not proven. Geological history 
indicates the possibility, but so far 
only traces of mineralisation have been 
found on land, although unmetamor- 
phosed tertiary sediments, often asso- 
ciated with oil and gas, have been 
discovered in areas offshore. 

There is no technology available for 
oil production all the year round in 
Antarctica. The concepts for self-con- 
tained installations on the seabed exist 
but that is all. On land there is no 
technology available for drilling through 
the ice shelf. 

Meanwhile the Treaty powers have 
the immediate problem of ensuring that 
the information they collect is made 
available to all who need it. The con- 
tinent is vital within the international 
meteorological system, but the powers 
have discovered that only 25% of their 
observations ever reach the world sys- 
tem. Somewhere between the Antarctic 
research stations, the global telecom- 
munications system and the world 
weather watch, the rest evaporates. ( 


war on the economic case for repro- 
cessing and have convinced the inquiry 
that the British taxpayer will have to 
pay somewhere between £300 million 
and £500 million to recycle spent oxide 
fuel from Britain’s advanced gas cooled 
reactors (AGR). The exact figure de- 
pends on where the price of uranium 
lies between $30 per pound and $100 
per pound, and a notional price for 
plutonium above £90,000 per tonne. 
BNFL estimate an ex-works price for 
recycled fuel of £260,000 per tonne or 
above depending on whether permission 
is given for a 1,200 tonne per year 
plant with capacity for foreign repro- 
cessing contracts, or a 600 tonne a 
year plant only for British fuel. 

The FOE alternative consists of im- 
porting uranium for fuel, storing fuel 
elements on a long term basis and 
abandoning reprocessing. They have 
asked for a ten-year delay to THORP 
while long term storage is researched. 
If this fails, they say, the delay would 
at least give time to try to evolve safe- 
guards against plutonium proliferation. 

British N clear Fuels have an un- 
happy history of Magnox fuel elements 
deteriorating in their cooling ponds at 
Windscale and have revealed that AGR 
fuel, still less than ten years old, is 
already showing signs of corrosion. 
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They view reprocessing as good waste 
management and point out that against 
the cost of reprocessing has to be put 
the cost of fuel storage, which nobody 
knows, and that storage itself does not 
guarantee that fuel elements will not 
eventually have to be dealt with either 
by glassification (at £450,000 per 
tonne), or even reprocessing to prepare 
fuel for glassification. 


Scientific struggles 

The real scientific struggle has been 
over the level of discharges from Wind- 
scale into the Irish Sea. These contain 
long-lived a-emitters, “’Pu and *'Am 
and shorter lived isotopes of "Cs. 

Hours of evidence and reams of 
paper have shown disturbing inade- 
quacies in the research done by the 
Ministry of Agriculture, Fisheries and 
Food (MAFF) and the Fisheries Radio- 
logical Laboratory (FRL) into trans- 
uranic marine pathways back to man’s 
environment. The Isle of Man govern- 
ment produced Dr Vaughan Bowen, an 
expert in marine pollution from 
America, who castigated the FRL for 
its methods of measuring silt move- 
ments and biological pathways. Dr 
Brian Wyne for the Network for 
Nuclear Concern and a_ research 
lecturer at Lancaster University, 
cross-examined both MAFF and FRL 
at length on the critical group method 
of evaluating derived working limits 
for the consumption of contaminated 
organisms. Cod, muscles, porphyra (an 
edible seaweed), silt and more have been 
metaphorically and literally dissected to 
examine possible synergistic effects of 
low level contamination or the possi- 
bility of biological systems concentrat- 
ing transuranics. 

The result of the public analysis has 
been a mixture of scientific humility 
and confusion, and human arrogance 
and anger, each coming from both 
objectors and government scientists. 
Researchers using the transcripts after 
the inquiry will find long lists of docu- 
ments showing the present confusion 
over the effects of low level radiation 
and the concept of a threshold for 
radiation below which humans are not 
affected. 

Much evidence has been presented 
attacking the present International 
Commission on Radiological Protection 
(ICRP) limits. Dr Sadao Ichikawa from 
the Laboratory of Genetics at Kyoto 
University, Japan, in particular, pre- 
sented disturbing evidence on the long 


term genetic effects of low level 
radiation, 
The weight of all the technical 


evidence threatened to swamp the in- 
quiry in its sixteenth week in a shower 
of facts when Justice Parker admitted 
that he and his assessors were falling 
behind under a deluge of documents. 
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Making assessment: Warner, Pochin, Parker 


Equally, however, it has given the 
inquiry a certain authority, so that 
when Thomas B. Stoel from the 
National Resources Defense Council 
(NRDC) in Washington, DC, came to 
suggest that a full environmental im- 
pact study should be done for Wind- 
scale, Justice Parker was able to 
wonder aloud and a little wearily what 
he had been doing for the past 74 days. 

The overall impression of the dis- 
charge arguments has not been that 
BNFL are pumping death every day 
into the sea, but rather that nobody 
yet really knows what happens to the 
radiopathogens once they get into the 
silt and marine food chains. Both Dr 
Wynne and Dr Bowen have pleaded 
that independent bodies be funded to 
allow a plurality of research into radia- 
tion hazards. 

Justice Parker could be forgiven for 
sighing and wondering what all this 
has to do with building a reprocessing 
plant now. He is known to favour risk 
comparisons with other industries and 
a practical approach to hazards. He 
has acted swiftly on the more alarmist 
claims made at the inquiry. The Lake 
Districts water has been tested for 
tritium, air sampling is being done at 
Ravenglass a few miles from Wind- 
scale, and twenty local volunteers are 





whole-body 
tests at the plant. The scientific groups 
on both sides of this application have 
agreed that the tests will prove nothing 


undergoing monitoring 


—an ironic consensus, as witnesses 
have usually retreated behind the 
armour plating of “not enough in- 


formation” when under pressure. 

The Oxford Political Ecology Re- 
search Group (PERG) faced the prob- 
lem of getting enough information 
when they attempted to calculate the 
consequences of an accident at Wind- 
scale. A computer programme was 
provided by the Safety and Reliability 
Directorate, but agreement could not 
be reached on a possible mechanism 
for an accident that would provide the 
inputs to the programme. 


Stunning realism 
Justice Parker has gained a reputation 
for realism. He stunned the objecting 
groups at the beginning of July by 
declaring that alternative energy strat- 
egies in place of nuclear power would 
have to be presented showing ‘“‘how 
and when and to what extent, and at 
what cost the energy gap can be filled”. 
Strangely perhaps, the presentation 
of alternative energy sources has been 
made by ex-motorway campaigner, 
John Tyme. Stephen Salter of Edin- 
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burgh University explained wave- 
power systems, prophesying that the 
first string of 50 “nodding ducks” will 
be in the sea off the north of Scotland 
by 1984. Dr Peter Musgrove of Reading 
University put four hundred windmills 
into the Wash in the 1990s to produce 
around a quarter of Britain’s energy 
demand at a price not far above the 
cost of coal now. His figures are 
becoming firmer every year. Solar 
power, biomass, seabed organic 
sediment fluidisation, combined heat 
and power, fluidised bed combustion 
were all at different stages into the 
future with corresponding scarcity of 
operating costings. But more traditional 
benign systems like water power, tidal 
power, and of course conservation were 
available options today. 

The problem is money, either for 
research or first generation operating 
plants. All the witnesses giving evidence 
on soft energy paths claimed Britain 


was being slow in investigating 
alternative options. Amory Lovins’ 
book Soft Energy Paths, which 


appeared during the inquiry, rapidly 
became the ‘bible’ on the way and the 
will for a move towards these options. 

Time-scale has been Justice Parker's 
concern. John Tyme’s trump card has 
been Yorkshire miners’ leader Arthur 
Scargill, presenting the case for bridg- 
ing the gap before a soft energy future 
with a huge expansion of the coal 
industry. This almost worked, although 
BNFL did a pretty savage job in cross- 
examination on both the productivity 
record and safety record of the coal 
industry in comparison with the nuclear 
industry. 

The energy establishment repre- 
sented by the Central Electricity 
Generating Board (CEGB), the South 
of Scotland Electricity Board (SSEB) 
and the Department of Energy itself 
faced a barrage of criticism from 
objectors. Surplus generating capacity, 
the downturn in energy demand since 
the oil crisis, and a radical change in 





Windscale’s head-end plant: no longer working, it has reprocessed oxide fuel 


energy coefficients of new innovations 
were cited as proof that present energy 
demand forecasts are far too high. In 
particular, Dr Peter Chapman from 
the Open University Energy Research 
Group tied up the present view of 
energy relying on supply needs, with 
the need to change to a soft energy 
scenario based on energy income. 

The nuclear industry is of course 
cursed with one emotive argument 
above all—the Bomb. The inquiry has 
not denied that nuclear warfare is a 
terrifying prospect. But British Nuclear 
Fuels has been at pains to deny that 
it is a conceivable prospect for future 
generations living with large quantities 
of plutonium resulting from reproces- 
sing. Britain will be custodian to fifty 
tons of plutonium by the end of the 
century if THORP goes ahead. Five 
tons would fuel the first commercial 
fast reactor CFR 1. Throughout the 
inquiry the shadow of safeguards and 
security has been cast over the pro- 
ceedings. 

The fall-out from this has gone in 
three directions—towards terrorism, in- 
ternational nuclear diplomacy and civil 
liberties. BNFL thought they had 
squashed terrorism by their insistence 
that “measures” could be taken to 
prevent theft of plutonium. “Spiking” 
(making it radioactive), only returning 
it on contract as refabricated fuel, and 
the sheer difficulty of making a device 
that explodes rather than produces a 
large criticality excursion, are enough 
of a deterrent to BNFL. They add that 
there are easier ways to achieve 
political ends without dabbling in radio- 
active materials. 

But BNFL’s confidence was rudely 
shaken by two American witnesses. 
Professor Arnold Wohlstetter from the 
University of Chicago has explained 
to the inquiry that a nuclear device has 
been exploded using  reactor-grade 


plutonium in the USA. Tom Cochran, 
again from the NRDC in Washington, 
DC, presented evidence outlining the 
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numbers needed for an armed raid on 
a nuclear plant (around nine outside 
and three inside.) 


Avoiding proliferation 
FOE have maintained a consistent line 
on the international threat of pluto- 


nium proliferation. They see as 
inevitable the political pressures for 
reprocessing contracts that specify 


return of plutonium after a certain 
period. The motivating force of Walt 
Patterson, their scientific adviser, has 
been proliferation, with a specific 
image of a world where shipments of 
plutonium will become familiar, leaving 
contempt for safeguards to provide the 
inevitable disaster. 

Positive suggestions to avoid proli- 
feration have been made by Professor 


Joseph Rotblat from London Uni- 
versity. He favours an international 
bank for buying in, storing, and 


allocating nuclear materials to establish 
the nuclear industry as a global enter- 
prise. Research into storage options, 
reprocessing and the fast breeder 
would all be done under international 
licence. Reprocessing would be aban- 
doned until proved essential. 

Whatever the solution to prolifera- 
tion, the attempt is to avoid the 
Orwellian ‘plutonium economy’. Both 
the National Council for Civil Liberties 
and Justice made pleas that future 
generations would not be committed to 
a life of surveillance, power parks 
guarded by automatic weapon carrying 
police, and hunts for subversives. 

By holding a mental map of all this 
in his head, Justice Parker has gained 
immense respect for the intellectual 
feat he is attempting. The weight of 
evidence is with the objectors, there 
being more of them, but he will be 
typically concerned with common sense 
applied to reprocessing now in Britain. 

In retrospect Whitehaven has been 
an essential part of the spectacle. In- 
quiry faithfuls staying in enclaves 
throughout the town have been indulg- 
ing in increasingly frenetic energy out- 
lets as time goes on. Beach barbecues, 
pony-trekking, and a treasure hunt, 
where a vital clue was missing leaving 
ten stranded inquirers tearing around 
the Cumbrian countryside in complete 
confusion, have added colour to the 
interminable days of evidence and 
cross-examination. 

Foreign visitors comment on the lack 
of armed police at the doors and the 
politesse of the participants. Perhaps 
it’s one of the problems of the inquiry 
that the British will never see some- 
thing as that important. The feeling 
now as summing up begins is “we wish 
the end of term party would come”. 
But although the work is ending for 
some, for Justice Parker it is just 
beginning. o 


Nature Vol. 269 20 October 1977 


PROFIL 


Chris Sherwell on Professor Geoffrey Allen 


SRC’s new head, old hand 


GEOFFREY ALLEN heads a 400-strong 
organisation that wields a budget of 
over £125 million and influences the 
fate of the great majority of Britain’s 
basic researchers. He is not new to 
its workings. But he is new to his 
post. He took over from Sir Sam 
Edwards as chairman of the Science 
Research Council at the beginning of 
the month. 

The job demands practical experi- 
ence of research and of administra- 
tion and, if possible, of the ‘real 
world’ outside both. It also demands 
more than a little political nous. An 
erratic economy makes consistent 
support for Britain’s research effort 
hard to achieve. To fight for money 
on behalf of scientists at large, and 
then dispense it on behalf of the com- 
munity at large, is just as difficult. 

So how did Professor Allen come 
to it? Under the British system which 
chooses to recruit through the grape- 
vine, he wasn’t the first man 
approached. But he is realistic about 
this. He accepts the system and says 
he has used it himself. Equally, he’d 
be happy if jobs like his were advert- 
ised—provided the minister concerned 
(at Education and Science) was not 
constrained by the list of applicants. 
He is also sure that if the job had 
been advertised, he wouldn’t have 
applied for it. 

He is admirably qualified, of course: 
a polymer scientist of 48 elected last 
year to the Royal Society, he has 
SRC and industry (especially ICI) 
connections going back many years. 
The problem was that he had recently 
taken up the chair of chemical tech- 
nology at Imperial College, and was 
Starting a research group there; he 
couldn’t easily ask for a 4-year leave 
of absence. When the approach came, 
however, the decision wasn’t difficult 
for him personally; rather, it was 
simply a matter of working out the 
possibilities and reaching agreement 
with Sir Brian Flowers at Imperial 
and with the Department of Educa- 
tion and Science. 

What Allen calls his pragmatic 
view of life and work comes, he says, 
from his background. He was born 
in the Derby mining town of Clay 
Cross, the son of an engine driver. 
A Methodist Sunday School teacher 
taught him self-discipline. And a 
donnish ex-Cambridge maths teacher 
at grammar school inspired his love 
for science. He sees nothing signi- 
ficant in the fact that he has since 


‘made good’. “The good thing about 
science”, he says, “is that it doesn’t 
signify where you come from. It’s 
what you do that matters”. 

Having graduated in chemistry at 
Leeds and completed a doctorate 
there on the thermodynamics of solu- % 
tions, he took the advice of Fred 
Dainton, now head of the University 
Grants Committee (UGC), and went 
to Canada in 1952 to learn about 
spectroscopy. He wanted an academic 
job when he returned two years later, 
but the pickings were thin. Geoffrey 
Gee, who had just left the Rubber 
Producers’ Research Association to 
take up a chair in chemistry at Man- 
chester, offered him a job “provided 
you work in my field and bring the 
techniques you’ve learned to bear on 
my problems”. Allen stayed for 
twenty years. 

Gee taught him three things: that 
it was possible to do good physical 
science on polymers; that good 
science is always the basis of good 
technology (“That coloured the whole 
of my career... 1 never had the 
hang-up some of my contemporaries 
had that there was something nasty 
about industry”); and that “scientists 
have to think more widely than just 
being a scientist’—a view reinforced 
by contact in Manchester with Brian 
Flowers and Sam Edwards, his SRC 
predecessors. 

Allen acquired his experience of 
administration and industry during 
the 1960s, sitting on government and 
SRC committees and consulting for 
companies. Then, in 1969, in a de- 
velopment he sees as a crossroads, 
Allen helped set up the ICI/Man- 
chester Unit Joint Laboratory he 
directed at Manchester. He insisted 
from the start that the laboratory 
be closed after five years, on the 
grounds that any worthwhile work 
could at least be run down steadily, 
any dynamic work would be picked 
up by ICI or the university, and any 
decision to re-start it could take 
account of experience. A little later 
he went half-time to the ICI cor- 
porate laboratory, also for five years. 

Before Allen came to the SRC he 
declared all his consultancies, but 
served notice that he might wish to 
take up two while in office; this was 
agreed. “It would be nice to do some 
consulting as a working scientist”, 
he says, “and I could do this without 
compromising my position”. For the 
curious, he says his income is likely 





Professor Geoffrey Allen 


to stay roughly the same at the SRC, 
with a “chance there could be a 
drop”. 

As for the coming four years, he 
knows the problems awaiting him. 
Support for high energy physics and 
space, for example, can’t go any 
lower. “They're at the margin”, he 
says. After a declining curve in the 
overall budget, he now wants a flat 
one; an inclining one, he acknowl- 
edges, would be too much to expect. 
But it will probably have to come out 
of a larger Science Budget, that is, 
economic growth. Among the argu- 
ments at his disposal for a greater 
share of that budget, however, is one 
that must appeal to the scientists who 
dispose of it: that applications for 
money clearly deserving support are 
being turned down. 

Allen here distinguishes a lack of 
money from a surfeit of ideas. But 
both are problems, even if the former 
is sad and the latter a sign of health. 
He also says that the ‘dual support’ 
system for university research is not 
working, save in specific cases—as 
when the UGC had some money for 
new projects and could be persuaded 
to put it into the Interactive Com- 
puting project for British universities. 

Allen also knows the standards he 
needs to follow. He says he'll be 
running “an open office’, like 
Flowers and Edwards before him. He 
is conscious of a need for proper and 
responsible dealings with pressure 
groups, though he doesn’t name 
names. He likes tackling problems, 
“provided they're amenable to logic”, 
and, he says, “I can be persuaded to 
change my mind. Administrators 
must be able to do that”. 

He hopes to leave his successor with 
an operation looking as good as the 
one Edwards has left him. And like 
Edwards, he hopes to return to 
science, his first love. He still works 
at it, after all. Last year he got a 
grant from the SRC. 
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ICRF appointment 


The Imperial Cancer Research Fund 
has announced a new director for its 
research laboratories. Chris Sherwell 
reports 


Tue Imperial Cancer Research Fund 
(ICRF) last week announced the 
appointment of Walter Bodmer, 
Professor of Genetics at Oxford, to 
succeed the present director of its 
research laboratories, Dr Michael 
Stoker. Stoker, a virologist, leaves the 
post he has held since 1968 a year 
early, in September 1979, when he is 
6l; he returns to academic life and 
research in Cambridge. Bodmer, 41, a 
population geneticist involved more 


recently in immunology and tissue 
typing, has held his Oxford chair 
since 1970. 


Bodmer said this week that nothing 
significant should be read into the fact 
that a geneticist was replacing a viro- 
logist. In welcoming the appointment, 
however, Stoker described the appoint- 
ment of a geneticist as “very timely”, 
parallelling in its recognition of con- 
temporary developments his own 
appointment as a virologist years 
earlier, Over the next couple of 
decades, he said, the cancer problem 
would be dissected at the molecular 
genetics level, specifically in the realm 
of mutagenesis. Bodmer was “one of 
the leading younger geneticists in the 
country”, with an all-round ability as 
well as a specialisation in the human 
leucocyte antigen (HLA) system. 

Though Bodmer will almost certainly 
be receiving a higher salary than he 
currently enjoys, the real attractions 
are the opportunities, facilities and 
support ICRF offers. He recognises 
that he will be giving up one sort of 
administration for another, but hopes 
not to be too tied down by such 
matters. There will be no teaching, no 
university committees, a curtailed 
administrative load outside but—most 
importantly—an allotment of space at 
the ICRF’s sophisticated laboratories 
in Lincoln’s Inn Fields, central 
London. This he can fill with his own 
appointments—perhaps up to a dozen 
—who will continue the research he 
has led at Oxford, though perhaps with 
a change of emphasis. He says he will 
establish an HLA typing lab there. 

In spite of recent allegations about 
the way ICRF uses its money, which 
drew a sharp response from ICRF and 
subsequently a libel suit for the paper 
that made them, Bodmer sees the job 
as no more controversial than any 
similar one in universities and other 


research institutes which have to 
justify their particular paths in 
research. That the job is important he 
has no doubt—“otherwise I wouldn’t 
be moving”. It combines, he says, “the 
best opportunities for biochemical 
research in the country”. But if the 
post hadn’t come along, he would not 
be leaving the country, though he 
admits the alternatives beyond Oxford 
are limited. 

Both Bodmer and Stoker believe in 
the virtues of limited tenure as a 
means of maintaining high quality in 
research. The same purpose is also 
served, both men believe, by the 
presence of foreign visitors, another 
distinguishing feature of ICRF re- 
search. Stoker is a firm advocate of 
another controversial view relating to 
research—that of early retirement 
from positions of power. This belief, 
along with his appointment as Foreign 
Secretary at the Royal Society, which 
has dragged him from his research, 
has encouraged his own departure. He 
adds that two years is the sort of notice 
that has to be given for a job like this. 

Thus the far-reaching changes of 
which the ICRF Council chairman, Sir 
Eric Scowen, spoke in his annual 
report (published at the end of March) 
are now coming to pass. The announce- 
ment of a new man to head the biggest 
single private research effort in the 
country is the outcome of a search 
conducted by a special ICRF com- 
mittee over the past few months. 
Stoker’s intention to relinquish his 
post was confirmed in the annual 
report; and Stoker’s deputy, Dr Renato 
Dulbecco, retired last month. The 
post of deputy will remain vacant until 
Bodmer takes up his appointment and 
makes his own choice. In the mean- 
time the deputy’s role is handled by 
Dr John Cairns, who heads ICRF’s 
lab at Mill Hill. o 
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Space retrieval 


Tue cancellation of the Soyuz 25/ 
Salyut 6 link-up coincided most 
unfortunately with the celebration 
meeting held on October 11 to mark 
the 20th anniversary of Sputnik 1. 
This anniversary had been invested 
with considerable importance by the 
Soviet authorities. 

In his anniversary address, 
Academician Boris N. Petrov, head 
of the Interkosmos programme, did 
his best to retrieve the situation. 
Reviewing the events of the last 
twenty years, he stressed especially 
the successes of the automatic space 
probes and the J/unokhody and 
Venus descent craft in particular. 
Even the Salyur space stations, he 
noted, were designed to operate in 
both manned and unmanned modes, 
and in either could “solve important 
problems of science and techno- 
logy”. Since the (manned) Soyuz 
programme already had two major 
setbacks in the past three years 
(Soyuz 15 in 1974 and Soyuz 23 in 
1976 both failing to achieve a link- 
up with the Salyut stations), Petrov 
naturally concentrated on the more 
successful unmanned ventures. 

Ironically, however, it was not the 
crew but the automatic part of the 


Soyuz 25 mission which was respon- 
sible for its failure. The main part 


of the link-up programme is 
effected automatically by the Soyuz 
on-board computer with possibly 
some orbital adjustments of the 
Salyut by ground control. This 
system operates to within 120m of 
link-up, after which the cosmonauts 
take over the control for final 
approach. What appears to have 
happened in recent aborted missions 
is that the automatic system has 
over-shot such that the Soyuz has 
not had sufficient power reserves 
to attempt a second, manually- 
controlled pass. 

Although some Soyuz craft have 
carried solar panels to recharge 
their batteries, it seems likely that 
on the Soyuz 25 these were sacri- 
ficed to permit additional weight to 
be allotted to stores and/or experi- 
mental equipment. This would tie 
in with speculations that the crew 
were to attempt to break the current 
Soviet record of 63 days or the US 
record of 84 days in space. 

It is not impossible, however, 
that a further attempt to link up 
with Salyut 7 will be made before 
the 60th anniversary of the Revolu- 
tion next month. 

Vera Rich 
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IN BRIEF 

Call for dementia research carrying out parallel biochemical, 1977 figure of DMI.3 thousand 

IN its report Senile and presenile pharmacological and histological million. As before, financing the 
studies. government nuclear research centres 


dementias: a report of the MRC sub- 
committee, the Medical Research Coun- 
cil recommends that senile dementia 
and the rare presenile dementias be 
designated areas of high research 
priority, although it does not recom- 
mend setting up a special MRC Unit 
yet. The main message of the report is 
clear however; an estimated 5-10% of 
elderly people in the UK suffer from 
senile dementia about which virtually 
nothing is known. The MRC should 


encourage clinical units prepared to 
undertake the intensive studies needed 
and 
institutions 
patients, who would organise research 
and 


workers within 
for demented 


special 
caring 


support 


liaise with laboratory workers 
AGRICULTURAL technology in the USA 
has evolved with a rapidity that is 
seldom perceived except by partici- 
pants in its use. The consequences of 
migration from rural to urban areas 
are evident to most people, but few 
city-dwellers know much about what 
happens on the farm these days. 

The change from muscle-power to 
petroleum has proceeded almost to 
completion, and is to all intent irre- 
versible. The Council for Agri- 
cultural Science and Technology 
recently published an _ energy-use 
report prepared by 22 agricultural 
scientists. They point out that to pro- 
duce today’s US crops by 1918 
technology would require 61 million 
horses and mules that would need 
almost half of the cropland now in 
cultivation to supply their food. Per- 
forming the necessary additional 
hand labour thus involved would call 
for the relocation of almost one-third 
of the total working population in the 
United States. The average cost of 
their toil, at $26.50 per day, would 
be about nine hundred times as much 
as the cost of electrical energy to 
carry out the same amount of 
physical work. Very few people have 
first-hand memories of how crops 
were raised and harvested 50 years 
ago, and not many can comprehend 
what life would be like if horses were, 
once again, the main source of 
transportation. 

Agricultural production uses only 
3% of the energy consumed in the 
USA. Jet aircraft use more than this. 
More food is being produced than 
ever before, and with less human 
labour. In 1976, the US gained $23 
billion in foreign exchange from 
exporting agricultural products, as 
compared with $34 billion spent on 
imports of energy for all purposes. 


One of the most urgent needs is a 
clarification of the various types of 
dementia and their comparison with 
the normal ageing process. Little is 
known about the early stages of senile 
dementia and the report suggests that 
community studies of the elderly might 
be grafted onto surveys already in 
progress for other purposes. 


German nuclear funds 
In the Federal German government’s 


budget proposals for 1978, DM1.45 
thousand million is ear-marked for 
nuclear research and technology. 


Allowing for a 4”, inflation rate, this 
means an increase of 8.5%, over the 


One-third of the energy used in agri- 
culture is employed for producing 
fertilisers, and only 5% for produc- 
tion of pesticides, principally herbi- 
cides, insecticides and fungicides. One 
estimate is that 41% of food and 


Energy for crops 





THOMAS H. JUKES 


fibre production in 1960 would have 
been lost if pesticides had not been 
used. Biological control as a replace- 
ment for chemicals is ‘in the news’, 
but, as the energy-use report says, 
“Biological control of plant pests is 
the ideal in theory, but progress in 
practical implementation is slow and 
difficult.” 

On 27 September the Secretary of 
Agriculture criticised the use of pesti- 
cides as being wasteful of petroleum. 
He did not mention that their pro- 
duction and application consume less 
than 0.2% of the country’s energy 
total. I wonder how he allocates 


will be a main consideration and 
DM700 million is being made available 
for their maintenance. 

The prototype 300MW fast breeder 
reactor under construction at Kalkar 
is costing DM2.86 thousand million at 
present rates and 90% is being borne 
by the state, with the Belgian and 
Dutch governments contributing 
DM719 million. The cost of this 
reactor has greatly increased year by 
year—DM200 million from 1977 to 
1978 alone—and its completion is 
expected in 1983. The costs of the 
300MW high temperature reactor being 
built at Schmehausen are running at 
DM1.75 thousand million. 


priorities: certainly he doesn’t seem 
to be ‘thinking agriculture’. There is 
much dissipation of fossil fuel for 
purposes of convenience and pleasure 
as contrasted with its use for food 
production. Tourism and family re- 
unions must account for a substantial 
proportion of jet plane travel. The 
highways are clogged with passenger 
automobiles and recreational vehicles, 
and the waterways resound to the 
hum of motorboats. Give us the 
petroleum-powered luxuries of life, 
and we will dispense with the 
necessities. Maybe! If food really 
becomes scarce, there will be plenty 
of trouble. 

Statistics are dry and boring com- 
pared with the actual rural scene. 
Huge tractors till the vast wheat 
country, clean of officious fence or 
hedge, in the Great Plains. The big 
fields of hybrid maize in the corn 
belt grow apace in the hot sun, 
nourished by synthetic ammonia, and 
protected by chemical weed-killers. 
Further west, green discs of the new 
centre-pivot irrigation systems dot the 
landscape. These are yet another 
replacement of manpower by energy. 
There has been recent criticism of 
the University of California for de- 
veloping new farm machinery that 
does the work of human beings. This 
is like protesting against the tractor, 
the combine, the plough and other 
inventions that lifted the burden of 
hand labour. 

Only 5% of the energy used on 
farms is derived from electricity. 
Optimistically speaking, solar energy 
could perhaps supply another 25% by 
the year 2,000, says the report. When 
it comes to agricultural production, 
no complete or near-complete re- 
placement seems to be in sight for the 
dwindling supplies of petroleum. 
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Melatonin in serum 


Sirn,-We have recently completed a 
preliminary collaborative study of 
radioimmunoassay methods in the 
determination of melatonin in serum 
in which the different techniques used 
in seven laboratories were compared. 
To each laboratory we sent the same 
material derived from calf serum with 
a melatonin level of less than 10 ng 
per |. To this serum melatonin was 
added in a final concentration of 
200 ng per | or 0.86 nmol per |. Three 
ml aliquots of the calf serum from the 
pool were pipetted into glass ampoules. 
The calf serum in each ampoule was 
lyophylised and the ampoules were 
tightly sealed. The serum was dissolved 
in 3.00 ml of water and melatonin was 
assayed in 35 samples from 8 ampoules 
and was found to be 0.87 nmol per l+ 
12.9% rsd. by our own radio- 
immunoassay. 

Twenty ampoules were sent in 
December 1976 to each laboratory. 
They were requested to add 3.00 ml of 
water to each ampoule and to perform 
assays using their own method, report- 
ing back the results in ng melatonin 
per | redissolved calf serum. The results 
of the different assays are given in 
Table 1, and are presented as ng per | 
and are also transformed to nmol per | 
according to the SlI-system. It should 
be pointed out that the extraction tech- 
niques in the methods differed consider- 
ably between the different laboratories 
and that each laboratory used its own 
antiserum except for numbers 4 and 5 
who used the same one. 

The results indicate that melatonin 
can be measured accurately using dif- 
ferent radioimmunoassay techniques. 
We now intend to repeat and extend 
the study to include human reference 
serum with different concentrations of 
melatonin. This will allow an evalu- 
ation of the linearity and parallelism 
of the standard curves, as well as give 


further data on the sensitivity and 

specificity of the different assays. All 

laboratories wishing to participate in 

the extensive cross-validation study 

planned at the beginning of 1978 are 

welcome to submit their names to us. 
LENNART WETTERBERG 

Karolinska Institute, 

St Goran's Hospital, 

Box 12500, S-11281, 

Stockholm, 

Sweden 


Technics rather than technik 


Sir,--I thoroughly agree with what 
Fores and Rey wrote (1 September, 
page 2) about the need for making a 
clear distinction between science and 
what they propose to call Technik. 
However, I should like to point out 
that a well-established, but now little 
used, word already exists in the English 
language for the concept of the useful 
arts. This is rechnics, and | would urge 
the revival of this old English word, 
rather than the importation of a 
foreign-sounding one, to describe this 
area of our culture. 

Lewis Mumford’s use of it through- 
out his great book Technics and Civili- 
sation (1934, Routledge) bears out what 
Fores and Rey say about the need for 
a word to express this concept: for 
Mumford, unlike Bronowski and 
Mazlish, does not make the mistake 
of confusing science and technics. As 
he says, “science and technics form 
iwo independent yet related worlds: 


sometimes converging, sometimes 
drawing apart”. 
As Fores and Rey indicate, this 


distinction is as important in current 
discussions and controversies concern- 
ing the place of science and technics 
in contemporary culture and society as 
it is in historical studies. Much current 
discussion of the financing, control and 
effects of ‘science’ would be far less 
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wooly-minded if a clearer distinction 
were made between science and 
technics. However, the lack of a 
familiar word to express the idea of 
technics is I think only part of the 
problem. Equally important is the 
(perhaps only partly conscious) desire 
by many scientists and others de- 
liberately to blur the distinction, and 
to claim for ‘science’ and scientists the 
credit for all the benefits resulting 
from technics. 

This shortsighted attitude may have 
boosted funding and respect for 
science in the short run but in the 
longer run, as people become more 
critical of technology, it is in part 
responsible for the increasing dis- 
illusion with science and the growth 
of antiscience movements. The anti- 
science critics are even more at fault 
for failing not only to make a dis- 
tinction between science and technics, 
but also between these and the socio- 
political decisions which have led to 
particular technical developments that 
they dislike, and for which we are 
all responsible as citizens, whether 
scientists, technicians (surely a better 
word than Techniker, if its status can 
be raised) or layman. For a healthy 
society and a healthy science I believe 
we should support those, like Sir 
Andrew Huxley (29 September, page 
366), who insist on making these im- 
portant, but often unpopular, dis- 
tinctions. 

T. CAVALIER-SMITH 
University of London King’s College, 
UK 


The Messinian crisis 


Sir, —Just a thought or two on “The 
Messinian salinity crisis... etc’ by 
Adams, Benson, Kidd, Ryan and 
Wright (29 September, page 383). 


A Crisis-——a word often seen in the news, 
Is a term which most journalists 
frequently use 
With reference to sterling or else to a ban 
On the import of Datsuns from far off 
Japan. 
But vaporisation of Miocene seas 
Is a natural process and nothing like these; 
Evaporite bodies will oft mark the coast 
Of an ancestral ocean which gave up the 
ghost. 
Applying that hackneyed and trite little 
word 
To a normal event is quite clearly absurd. 
Else what might we see if left up to the 
Press-— 
The Messinian Horror or Shocker or 
Mess? 
ANON 
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Observation of photon antibunching 


from Peter Knight 


VERY few measurable optical effects 
require field quantisation and the idea of 
a photon for their explanation. One 
notable example of this rare class is 
photon antibunching in intensity correla- 
tion of resonance fluorescence (Nature 
265, 683; 1977), predicted by Carmichael 
and Walls (J. Phys. B9, L43; 1976; 
J. Phys. B9, 1199; 1976) and now ob- 
served by Kimble, Dagenais and Mandel 
(Phys, Rev. Lett. 39, 691; 1977). Whereas 
most optical coherence and correlation 
experiments have an adequate semi- 
classical interpretation, antibunching re- 
quires quantisation of the emitted fluores- 
cence and the idea of a ‘quantum jump’. 

The radiation emitted from the 
resonantly-excited atoms is collected, 
split into two, and imaged onto two photo- 
multiplier tubes whose output is electroni- 
cally correlated. The intensity correlation 
of interest is 


gm = Clee di o/ - 
Att t) AG)> 





where g@)(0) = 2 if the radiation was 
chaotic (this positive correlation, or 
bunching is the famous Hanbury Brown 
= | for coherent 
light. Fully quantised and semiclassical 
approaches are here in agreement. How- 
ever there are quantum states of the 
electromagnetic field which.do not have a 
classical description, but the experimental 
realisation of such states has proved 
difficult. States exhibiting negative photo- 
electric correlation (g@(0)—1<0) or 
“‘antibunching’ are much-discussed ex- 
amples of an effect requiring field quanti- 
sation: it is hard to visualise a function 
I(t) representing the classical intensity 
whose mean square is less than the square 
of its mean. Carmichael and Walls showed 
that the resonance fluorescence radiated 
by a single two-level system driven by a 
coherent field possesses the required 
statistical properties to exhibit anti- 
bunching. This can be demonstrated 
easily since g may be expressed in terms 





Peter Knight is Jubilee Research Fellow 
in the Department of Physics at Royal 
Holloway College, University of London. 


of the two-level Pauli operators repre- 
senting the atomic source fields as 


ga) ~ Lo tolt Do (t+ t)o_(t)> 


so that g@(0)~0. This behaviour at 
t~O is a strictly quantum feature: the 
atom emits a photon at time ¢ and is 
unable to radiate again immediately after 
having made a quantum jump down to the 
lower state. 

The measurement of g) consists of 
two parts: detection of the first photon 
(ensuring the de-excitation of the source 
atom) and a delay while the atom is re- 
excited by the resonant driving field for 
the subsequent re-emission of a second 
photon. So 

ge) p(t, 1) 


where p(z, t) is the probability of finding 
an atom, initially in its lower state at ft, 
re-excited at qt. Cohen-Tannoudji 
(Frontiers in laser spectroscopy: Les 
Houches 27; North Holland, 1977) has 
stressed that the antibunching effect in 
resonance fluorescence is a striking €x- 
ample of wavepacket reduction in action. 
We expect first a lack of coincidence 
counts at short times t, and further 
expect the Rabi nutational oscillation of 
p(t, t) to be reflected in g(t) which 
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Fig. 1 Values of g@(t) derived from 

the data, demonstrating photon anti- 

bunching. The broken curve is the 

theoretical prediction, suitably normal- 
ised to the same peak. 


should exhibit periodic bunching and 
antibunching as the driven atom under- 
goes Rabi oscillations. For a sufficiently 
intense resonant driving. field for which 
the Rabi frequency Q is much greater 
than the spontaneous decay rate B, 


g(t) = 1—~exp(— 3B 1/2) cos Qt 


If there is more than one atom in the 
observation region the interpretation is a 
little harder and since fluorescence could 
then be produced by two or more atoms 
this would increase g‘) and obscure the 
antibunching. 

The experimental arrangement. of 
Mandel and coworkers resembles that 
used by earlier groups to study resonance 
fluorescence spectra. Sodium atoms ina 
well-collimated atomic beam are pre- 
pared by optical pumping to ensure a 
two-level transition and are driven by an 


intensity and frequency-stabilised CW . i 


dye laser at the 3*S,,. F = 2, Mp = 2 to 
3°P,,. F=3, Me =3 transition fre- 
quency. The fluorescence emitted at right 
angles to both atomic and laser beams is 
collected, divided by a beam splitter, 
imaged on to two. photomultiplier tubes, » 
and the correlation evaluated under com- 
puter control. The atomic beam current. 
is designed to allow only one or two 
atoms to contribute to the collected. 
fluorescence at the same time. The experi- 
ment shows direct evidence for antibunch- 
ing of photoelectric pulses. After various 
corrections have been made for accidental 
pair correlations produced by background.. 


laser scatter, their results are shown in. 


Fig. 1, where the broken curve shows the 


theoretical single atom prediction nor- o=o 


malised to the same peak for Q/B = 4. 
The observed g@(0) is approximately 
0.4 rather than the zero predicted theoreti- 
cally for a single atom. Mandel et al. 
estimate g‘)(0) to be 0.5 if the field were 
produced by two radiating atoms located 
at random positions. At large t the 
atomic flight time through the photo- 
multiplier field of view decreases g((1). 
The overall result is as expected and 
plainly exhibits both bunching, and more 
importantly, for the first time anti- 
bunching. Gg 
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Immunoglobulin genes and 


by Miranda Robertson 


The Tenth Harden Conference on 
the Molecular Genetics of the 


Immune Response was organised by 


Professor A. R. Williamson and 
took place at Wye College on 12-16 
September, 1977. 


In a meeting which was characterised 
throughout by lively and uninhibited 
discussion of almost every controversial 
issue in modern immunology, the out- 
standing topic was without question the 
unexpected character of immuno- 
globulin light chain chromosomal 
DNA. The surprise lies at the junction 
between the constant and the variable 
region sequences, S. Tonegawa and his 
associates have shown (Hozumi & 
Tonegawa’ Proc. natn. Acad. Sci. 
U.S.A. 73, 3628; 1976) that whereas in 
embryonic cells the chromosomal DNA 
coding for the V region is on a dif- 
ferent restriction fragment from that 
coding for the C region, in antibody- 
secreting myeloma cells they are both 
on the same restriction fragment. This 
has been widely interpreted to mean 
that V and C sequences are separated 
in the germ line, but become joined in 
committed B cells. But evidence from 
four sources, including Tonegawa’s 
own laboratory, now shows that the V 
and the C sequences of myeloma chro- 
mosomal immunoglobulin DNA are 
separated by an untranslated ‘spacer’ 
sequence, 


Discontinuous Ig gene 

This explains the otherwise puzzling 
results of S-i nuclease digestion of 
hybrids between chromosomal DNA 
and cDNA made on a mRNA tem- 
plate. S. Longacre, as reported by B. 
Mach (Geneva University), hybridised 
separate V and C region cDNAs with 
restriction fragments of embryonic and 
myeloma chromosomal DNA, expect- 
ing to find more single-stranded tails on 


the embryonic than the myeloma 
DNA. But when; she compared the 
hybrids retrieved by hydroxyapatite 


extraction with those retrieved from 
S-1 nuclease digestion, which removes 
single-stranded stretches, she found 
that the proportions were the same for 
embryonic and myeloma DNA. 

In a different experiment on similar 
principles, T. Rabbitts (MRC Cam- 
bridge) has compared the susceptibility 
of liver chromosomal DNA and 
myeloma chromosomal DNA hybrid- 
ised with complete kappa chain cDNA 
to digestion with S-1 nuclease. Liver 
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< assumed to be equivalent 
konic DNA where immuno- 
globulin¥ genes are concerned, so that 
if separate V and C sequences are 
joined in plasma cells the entire V-C 
sequence should be protected by the 
cDNA probe in myeloma DNA, but 
only separate V and C fragments in 
liver DNA. In fact, gel electrophoresis 
of the digests reveals only the C region 
fragments regardless of the source of 
the chromosomal DNA. The fate of 
the V region is unknown—it may have 
undergone partial digestion or be 
hidden in the C region peak—but at 
the very least the data imply a gap 
between the V and the C regions in 
which a short stretch of single-stranded 
DNA is exposed to the nuclease. 
Similar nuclease digestion evidence for 
the separation of V and C regions of 
active immunoglobulin genes was pre- 
sented by G. Mathyssens (Basel! Insti- 
tute for Immunology), who, however, 
found both V and C region fragments 
on electrophoresis. 

The results of the nuclease digestion 
studies are moreover fully borne out by 
electron micrograph evidence from 
Tonegawa’s own laboratory, presented 
at the conference by O. Bernard (Basel 
Institute for Immunology). Hybrids of 
cloned myeloma chromosomal DNA 
with the complementary lambda chain 
mRNA showed clearly in the electron 
microscope a single-stranded stretch of 
DNA which appeared as a loop be- 
tween the V and C regions. Approach- 


ing the question another way, 
Tonegawa and his colleagues have 
annealed separate V and C region 
mRNAs with double-stranded chro- 
mosomal DNA. Because the DNA 
hybridises preferentially with the 


mRNA, this results in openings in the 
double strand where the RNA has 
hybridised with one strand of the 
DNA. In the case of lambda chain 
mRNA, two such loops (known as R 
loops) are separated by a roughly 
1,000-nucleotide ‘spacer’ sequence. 

It seems likely that the ‘spacer? DNA 
has some regulatory function and that 
function is not peculiar to immuno- 
globulin genes. There are strong in- 
dications, hammered home by Mach, 
that spacer sequences may be a general 
feature of eukaryotic genes. There 
have recently been reports in three 
other systems of discontinuous genes 
on chromosomal DNA—in adenovirus 
(see News and Views 268, 101; 1977), 
in Drosophila tyrosinase tRNA (Good- 
man et al. Proc. natn. Acad. Sei. 
U.S.A., in the press) and mouse globin 
(Leder et al. CSH Symposium, 1977). 
Although the spacer sequences are not 
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present in mRNA, that is not neces- 
sarily to say that they are not trans- 
cribed, and the obvious speculation is 
that the transcript is none other than 
so-called heterogeneous nuclear RNA. 
Many have remained unconvinced that 
hnRNA is anything more than an arte- 
factual aggregate of mRNA molecules, 
but the evidence has recently become 
more convincing, at least for globin 
(see News and Views 269, 9; 1977), and 
indeed according to Mach, Leder finds 
that the size of the globin spacer cor- 
responds to the size of the extra 
sequence on globin precursor mRNA. 
Some first steps in investigating im- 
munoglobulin precursor mRNA were 
reported at the conference by R. Wall 
(University of California, Los Angeles) 
who has identified 40S and 24S pre- 
cursors of kappa light chain mRNA. 
He has yet to find out where the V and 
C regions map on these precursors and 
whether they will hybridise with chro- 
mosomal DNA. 

The answers might have been 
available sooner had not the early 
stages of the work been held up by 
indecision on the part of NIH about 
the safety of the plasmids used by Wall 
to clone cDNA probes for the pre- 
cursor mRNAs. Delays of the same 
sort are affecting Rabbitts and his col- 
leagues who are waiting for permission 
to clone myeloma chromosomal DNA 
in an E. coli-A phage EKII system. 
Now that it is clear that cDNA is by 
no means necessarily a copy of chro- 
mosomal DNA and that spacer se- 
quences may hold the answers to 
important questions of genetic regu- 
lation, delays of this kind are likely to 
lead to acute frustration, particularly 
where, as in the case of Rabbitts’s 
experiments, permission has already 
been granted elsewhere (in Switzerland 
and the USA). It may not matter very 
much in the light of eternity whether 
fundamental discoveries in biology are 
made now or in six months’ time, in 
Britain or in the USA—but it matters 
very much to biologists. 


Sequence diversity in frameworks 

There are no sequence data yet on 
the myeloma gene, but Bernard did 
present the first nucleotide sequence of 
an immunoglobulin gene: that of a 
cloned V region fragment of embry- 
onic chromosomal DNA, the fruit of a 
collaboration between Tonegawa’s 
group and W. Gilbert’s group at Har- 
vard. This has revealed another un- 
translated region, 54 nucleotides long, 
in the precursor sequence at the 3’ end. 
Otherwise, the sequence corresponds 
largely to the amino acid sequence of 
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the light chain V region of myeloma 
MOPC 315 which produces lambda 
chains of subgroup ii. A curious fea- 
ture of the sequence is that at three of 
four of the positions where it disagrees 
with the MOPC 315 sequence it cor- 
responds to that of MOPC 104R, which 
produces lambda i light. chains; in the 
fourth position it agrees with neither. 
C. Milstein (MRC Cambridge) gave 
voice to a general feeling that this pat- 
tern of substitutions is unlikely to be 
random. More sequence data should 
clarify the issue, but in the meantime 
the data are reminiscent of the amino 
acid sequences of mouse kappa V 
regions, reported by M. Weigert 
(Institute for Cancer Research, Phila- 
delphia). Some residues in these chains 
seem to switch between closely related 
subgroups. 

Whether more amino acid sequence 
data will help to clarify the question of 
the generation of antibody diversity is 
controversial. Amino acid sequences 
were presented at the meeting in sup- 
port of an insertion theory (D. Capra, 
University of Texas) and of a somatic 
mutation theory (Weigert) but neither 
set of data could strictly eliminate 
alternative theories. It is now generally 
conceded that antibody diversity arises 
by a somatic mechanism acting on a 
limited number of germ-line genes 
(probably two or three copies for 
lambda chains and perhaps two or 
three copies for each of an unknown 
number of kappa chain subgroups) 
(Rabbitts & Milstein Contemporary 
Topics in Molecular Immunology 6, 
117; 1977; Tonegawa et al. Immun. 
Rey. 36, 29; 1977) and there is a school 
of thought that the solution to the 
generation of diversity will be found in 
cellular mechanisms rather than se- 
quences. In the meantime, the rational 
position on GOD seems to be agnostic. 


idiotypes and immunoregulation 

Sequence data may, on the other 
hand, help to clarify the structural and 
functional significance of idiotypes, 
which if Jerne is right may be the basis 
for interceHular recognition in a regu- 
latory network. At what levels might 
Jerneian immunoregulation take place? 
Capra presented unequivocal evidence 
that the so-called ‘anti-Ars’ idiotype on 
mouse anti-arsonate antibodies is deter- 
mined by specific residues in the hyper- 
variable regions which also determine 
antigen-binding specificity. However, 
there is ample serological evidence that 
idiotype is not always associated with 
the antigen-binding site, and T. Feizi 
for instance (MRC Clinical Research 
Centre, Harrow) has found that cross- 
reacting idiotypes on human antibodies 
against erythrocyte li antigens can also 
be found on antibodies which lack that 
binding specificity. In competitive bind- 


Unification 
confrontation 


Most physicists hope that the 
electromagnetic and weak inter- 
actions are unified and this hope has 
been strengthened over the past 
few years as the Weinberg-Salam 
unified model of the weak inter- 
actions has notched up success upon 
success. But a small cloud appeared 
on the horizon last year; and it has 
not gone away. 

Take the Weinberg-Salam model, 
add some atomic physics calcula- 
tions, and the result is a prediction 
of small, but measurable, parity- 
violating effects in atoms. Prelimin- 
ary results from experiments aimed 
at detecting these effects were re- 
ported last year (Nature 264, 528; 
News and Views 264, 505; 1976) and 
were _ disturbing—the predicted 
effects were not seen. 

These experimenters now have 
their final results (Phys. Rey. Lett. 
39, 795; 39, 798; 1977) and have 
reached a sensitivity an order of 
magnitude better than the predic- 
tion. No parity-violating effects are 
seen and the threat to the unified 
theories must now be regarded as 
serious. 

There is only one foreseeable 
escape route—perhaps the atomic 
physics calculations for the bismuth 
atoms used in these experiments 
could be in error. Experiments 
planned with hydrogen will resolve 
this final uncertainty. 





ing assays, the idiotypes can be identi- 
fied as a heavy chain framework 
determinant that seems to identify a 
sub-subgroup. 

Subgroups of subgroups were a par- 
ticular feature of Weigert’s partial se- 
quence data on 22 mouse kappa light 
chains, and raised the question of how 
variable a framework residue has to be 
before it becomes part of a hyper- 
variable region, (Is GOD leaky? asked 
Milstein). Indeed Weigert and his col- 
leagues have now found in mouse light 
chains a fourth distinct hypervariable 
region, like that reported earlier by 
Capra et al. in heavy chains. The 
fourth hypervariable region (like the 
second, at least in those antibodies 
whose crystal structure is known) is 
remote from the antigen-binding site. 

F. Melchers (Basel Institute for Im- 
munology) was enormously interested 
in these results, on the grounds that the 
fourth hypervariable region might pro- 
vide the basis for recognition in Jerne’s 
immune network. He has indirect 
evidence for idiotypic regulation of 
mouse antibodies to streptococcus A 
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carbohydrate, which carry the AĴA 
idiotype. Primary immunisation with 
either the streptococcal antigen :or 
antibodies against the ASA idiotype 
stimulates the production of idiotypes: 0.°- 
positive antibodies 40% of which bind. 
the antigen and 60% of which do not, 
regardless of the priming stimulus — 
Melchers interprets these. results- 
which strictly apply only. to.lipopoly- |. 
saccharide (LPS)-sensitive cells. (one 
third of B cells) since LPS was used to 
expand the number of cells in-vitro for. 
counting—as evidence for lymph 
triggering by idiotype rather than. bi 
antigen-binding site in these cells. 

The structural significance of idio 
type arose again in connection with ths 
T cell receptor—another. crucial ele- 
ment in any immune network. The 
recent discovery that T and B cells can: 
carry the same heavy chain idiotype > 
and that anti-idiotype antibodies can 
trigger T cell help in vitro (see Cold 
Spring Harbor Symp. quant. Biol. 61, 
1976 and News and Views 263, 10; 
1976) has been interpreted to imply a 
T cell antigen receptor coded partly by 
genes in the pool coding for the V< 
region of the heavy chain. However, 
K. Rajewsky’s group, as reported by 
T. Cramer and T. Imanishi (Cologne. 
University), now finds that in SJL mice. 
T cells but not B cells carry an idiotype: 
associated with the heteroclitic binding 
of the hapten nitrophenol (NP). Geneti 
experiments suggest that this . heavy 
chain idiotype is expressed only in cells 
which produce lambda light chains and. 
its absence in SJL B cells is due to: the ~ 
very low production of lambda chains 
by that strain. This leaves a puzzle: 
what produces the conformational 
change that gives the idiotype on SJL T 
cells? So far, the evidence has been 
against any light chain gene contribu- 
tion to the ‘T cell receptor.’ 

The proper characterisation of. the 
T cell receptor will really be possible 
only when one can be isolated in large 
quantities. This may be soon. G.:-Fath- 
man and H. Hengartner (Basel Insti - 
tute of Immunology) reported a` 
technique for producing 3-month 
cultures of T cells with specific re- 
activity in a mixed lymphocyte» 
culture—a potential source of recep- 
tors for histocompatibility antigens. 





















‘Hybridomas’ 

The final session of the meeting 
amounted to a progress report on the 
developing range of hybridomas. Since 
its beginning with immortal clones pro- 
ducing antibodies against sheep red 
blood cells, the hybridoma army has 
recruited clones producing antibodies 
against haptens TNP, NIP and NP; 
soluble proteins peroxidase, lysozyme, 
and chick gamma-globulin; and 
influenza virus surface antigens, rat 


MHC antigens, T, G (A - — L) and 
streptococcus A carbohydrate. 

To this Milstein added a line pro- 
ducing antibodies against an allotypic 
determinant on mouse molecules with 
the characteristics of IgD (Pearson 
et al. Eur. J. Immun., in the press). 
and mouse hybrids producing anti- 
bodies against three rat bone marrow 
differentiation antigens (Williams ef al. 
Cell, in the press). With some overlap, 
these antibodies seem to define the 
lymphoid, myeloid and erythroid popu- 
lations of the bone marrow. 

G. Hiammerling (Cologne Univer- 
sity) reported the production of three 
hybrids secreting monoclonal anti- 
bodies against mouse H-2 antigens; 
these three are the survivors of five 
isolated from 1,000 hybridisations. 

The recent extension of hybridisa- 
tion techniques to T cells produced 
two exciting reports. Hengartner and 
Fathman have evidence for sensi- 
tivity to specific MHC haplotypes in 
two hybrids made from lymphoma 
cells and T cells sensitised to H-2 
haplotypes in mixed lymphocyte re- 
actions. And L. Herzenberg (Stanford 


Figs for wasps 


from Peter D. Moore 


THE phenomenal success of the flower- 
ing plants may well be due, at least in 
part, to the way in which their floral 
evolutionary development has been 
related to the structural and behav- 
ioural modifications of insect pollina- 
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University), and colleagues has a 
hybrid expressing antigens coded by 
genes in the l-J region which is asso- 
ciated with T suppressor functions. 
The hybrid is derived from T cells in 
a mouse suppressed for the Iglb allo- 
type but evidence for a suppressor 
factor is so far inconclusive. Super- 
natants from the cultured cells have 
shown no reliable suppressor activity 
against the allotype, and although 
sonicates have given more positive 
results they too are inconsistent. 
Research reported at the conference 
represented the entire immunological 
continuum between what Fathman 
characterised as immunochemistry on 
the one hand and immunomagic on the 
other. But although structures and 
be cleaner than cells 
and sonicates, there remain problems 
that at this stage are not amenable to 
the immunochemical approach. 
Herzenberg was prepared to defend 
immunomagic. Knowing the structure 
of the immunoglobulin molecule, he 
pointed out to participants who in- 
cluded R. R. Porter, has not told us 
how B cells work. o 


tors. There are on record some 
striking examples of complex symbiotic 
relationships between plants and polli- 
nators, but few more remarkable than 
that of the figs (Ficus spp.) and the fig 
wasps. 

The false fruits of the figs are hollow, 
swollen receptacles which bear on their 
inner surface small, unisexual flowers. 
In the wild progenitor of the edible fig 
(Ficus carica) a specialised winter fig 
is formed which contains mainly neuter 
flowers, with some male flowers 
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arranged around the inner surface of 
the neck near the entrance hole or 
ostiole. Fertile female fig wasps, 
Blastophaga psenes, enter these winter 
figs and lay their eggs in the neuter 
flowers. On completion of their dev- 
elopment, the male offspring emerge 
first and bore into the flowers occupied 
by females and fertilise them before 
emergence. The males then die. 
Females subsequently emerge from 
their pupae and leave the fig through 
the ostiole, but in doing so become 
coated by pollen from the dehisced 
anthers of the male flowers. 

Pollen-bearing female wasps are then 
believed to enter figs containing a mix- 
ture of female and neuter flowers. The 
former have longer styles than the 
latter, and this prevents oviposition by 
the fertile females. They do succeed, 
however, in ovipositing within the 
neuter flowers, where the next genera- 
tion of wasps develop, and they also 
inadvertently scatter their load of 
pollen within the fig, resulting in the 
pollination and subsequent fertilisation 
of the female flowers. 

Emergence and fertilisation of the 
wasps takes place as before, and the 
fertile females now escape and invade 
a third type of fig which contains only 
neuter flowers. At this stage, obviously, 
there is no poliination process, but a 
third generation of wasps can be 
established within the neuter figs. 
Fertile females of this generation 
emerge in winter and lay their eggs 
in the neuter flowers of the winter fig 
(which also contains male flowers) thus 
completing the annual cycle. 

Of most immediate interest is the 
provision by the plant of certain 


flowers. and indeed an entire inflores- 
cence generation, which are of no 





A hundred years ago 





Tue NORWEGIAN Deep-Sea EXPEDITION 
The next day was wonderfully calm, 
but the fog covered the higher parts 
of Jan Mayen. We went on shore the 
sea being so calm that we could step 
on short without any inconvenience. 
The shore consisted of volcanic ash 
and sand, quite black, and was, higher 
up, covered by driftwood thickly 
strewn on a level surface. To the left 


rich in 


was a steep cliff wonderfully 
colour, the abode of thousands of sea- 
birds, whose inner slope, consisting of 
ash and scoriae, showed it to be a part 
of a former crater. The scientific party 
spread in different directions and made 


the best of the time in surveying, 
collecting specimens of plants and 
rocks, and drawing; one polar fox was 
killed. The plants found belong to very 


few species, the vivid green we had 
seen from the ship being only a cover 
of moss. The flowers had just come 
out and all the lower part of the island 
up to about 2500 feet was generally 
free from snow, the snow lying only in 
the lower regions where a larger mass 
was gathered in ravines. 


From Nature 16, 18 October, 526; 1877. 
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direct value in terms of seed produc- 
tion. The energy expenditure must be 
worthwhile in terms of maintaining 
a pollination vector population for the 
time when they are needed. 

The wasps themselves have also 
attracted some attention recently, for 
the process of pollen transfer has 
proved more. complex than was 
. Originally anticipated. It is difficult to 
~-aecount for- pollination by a simple 
accidental carriage of pollen by emerg- 
ent females; for as the wasp enters the 
ostiole of the receptor inflorescence, it 
is:subjected to considerable mechanical 
stress ‘as it forces its way between 
tight ostiolar scales. Indeed the entry 
slits are so narrow that wings and 
antennal flagellae are often lost. Thus 
the likelihood of pollen being carried 
into the fig inflorescence by superficial 
adhesion is very low. Galil and 
Eisikovitch (Tijdschr. Ent, 112, 1; 1969) 
discovered specialised pollen pouches 
on the ventral side of the thorax in the 
fig wasp Ceratosolen arabicus, which 
is the pollinator of the African Ficus 
sycamorus. In the same year Ramirez 
(Science 163, 580; 1969) described 
similar pouches in New World species 
of fig wasps. Subsequently Galil and 
Snitzer-Pasternak (New Phytol. 69, 775; 
1970) described the behaviour of the 
fig wasp Blastophaga quadraticeps as it 
loads and unloads pollen from its 
pollen pockets during pollen transfer in 
Ficus religiosa. Cleaning movements of 
the legs transfer pollen to the thorax 
and the pouches open at the touch of 
the legs to receive pollen. So, in many 
fig wasps complex morphological and 
behavioural adaptations aid the process 
of pollen transfer, which in turn 
ensures the fertilisation of fig ovules. 

But this does not seem to work in the 
case of Blastophaga psenes and the 
common fig Ficus carica. Galil and 
Neeman (New Phytol. 79, 163: 1977) 
have re-examined this relationship and 
have found no evidence of the com- 
plex pouches which had been noted in 
other fig wasps. Yet the. superficial 
carriage of pollen was most unlikely, 
for not only does the wasp experience 
physical scouring when passing between 
ostiolar scales, it also cleans itself very 
thoroughly after emergence from the 
Ficus inflorescence and removes all 
external pollen. 

Serial sections of wasps were taken 
immediately after this cleaning and the 
only pollen to be found was that 
lodged in temporary folds within the 
intersegmental membranes. Galil and 
Neeman also found that these invagi- 
nations are produced as a result of 
water loss from the insect after emer- 
gence from the pupa which causes 
infolding of the membranes. About 20- 
30% shrinkage of the abdomen was 
found to occur within the fig inflores- 


cence after emergence from the pupa. 
They experimentally raised the relative 
humidity of some figs to 100% and 
found that wasps failed to pick up 
pollen. 

Unloading in the receptor fig pro- 
bably occurs in the reverse manner. On 
entering a higher humidity atmosphere 
the wasp’s body would swell and the 
pollen trapped in folds would be 
liberated. Thus the transfer of pollen 
in Ficus carica is more complex than 
originally thought, but it entails neither 
the sophisticated anatomical modifica- 
tion nor the purposive behavioural 
mechanisms on the part of the vectors 
which are found in other fig/fig wasp 
relationships. Galil and Neeman point 
out that the common fig has about 800 
stamens in a fig, compared with only 
about 15 in Ficus religiosa, the vector 
of which has pollen pockets. The rela- 
tionship in Ficus carica can thus be 
regarded as evolutionarily primitive and 
energetically expensive and wasteful as 
far as the plant is concerned, for most 
of the pollen produced and disseminated 
is cleaned off by the unwitting vector. 


Origin of the 
Rio Grande rise 


from Peter J. Smith 


Tue Rio Grande rise is a large, well 
known, aseismic structure stretching 
through at least 10° of both latitude 
and longitude to the west of the mid- 
Atlantic ridge in the South Atlantic 
Ocean. To say that it is well known, 
however, is to imply little more than 
that it is a conspicuous topographic 
feature which has received a certain 
amount of bathymetric attention and 
frequent mention in the geophysical 
literature. It is true that Thiede is 
about to publish a report (Am. Assoc. 
Petr. Geol. Bull.) in which he con- 
cludes from sedimentary and strati- 
graphic data that the rise was once a 
large island which lay 2-3 km above 
sea level some 75-85 Myr ago. But the 
origin of this sediment-covered and 
supposedly sunken island remains un- 
certain, largely because of lack of 
information on the nature of the base- 
ment. 

Unfortunately the recent attempts by 
the Deep Sea Drilling Proiect to 
sample the igneous basement beneath 
the Rio Grande rise were unsuccess- 
ful (Leg 39. site 357). On the other 
hand, as Fodor et al. point ont (Earth 
planet. Sci. Lett. 35, 225; 1977), a large 
quantity of igneous material was 
dredged from the rise by the research 
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vessel R. D. Conrad in 1973. Dredge 
samples are obviously not as satis- 
factory as cores recovered from: in 
situ rock: nor in the present case have 
the samples been dated. Nevertheless, 
from microscope, electron microprobe 
and bulk chemical studies on a selec- 
tion of the 1973 dredge material, 
Fodor and his colleagues have been 
able to come to some general conclu- 
sions about the. origin of the Rio 
Grande rise. 

The materialin question comprises 
basaltic rocks, some of which contain 
mafic nodules and megacrysts, and 
volcanic breccias composed largely. of 
basaltic fragments. The bulk composi- 
tions enable the rocks to be classified 
as alkalic basalts, trachybasalts and 
trachyandesites. Moreover, the com- 
positions of the pyroxene, plagioclase 
and interstitial alkali feldspar within 
the material are typical of volcanic 
rocks having alkalic affinities. The 
dredged samples are thus clearly 
characteristic of alkali basalt suites and 
bear no resmblance to oceanic ridge 
tholeiites. The compositional range 
(basalt to trachyandesite) also shows 
that the volcanic material of the Rio 
Grande rise has undergone magmatic 
differentiation. 

Both alkalic composition and dif- 
ferentiation seem to be typical features 
of aseismic ridges. Indeed, the Rio 
Grande samples are very similar in 
many respects to those from the islands 
of Gough and Tristan de Cunha and, 
more significantly, to those from the 
Walvis ridge, the linear structure 
whose position almost mirrors that of 
the Rio Grande rise across the mid- 
Atlantic ridge. On the other hand, 
there are some distinct differences 
between the Rio Grande and Walvis 
rocks, which fact draws attention to 
the disadvanages of having to use 
dredge samples. It is reasonable to 
assume (although it cannot be proved) 
that the material dredged from the 
Rio Grande rise comes from the crys- 
talline basement. But how typical is it 
of the basement? Does it or does it not 
represent all the main rock types pre- 
sent? There is no way of knowing. — 
Thus the observed differences between 
the Walvis and Rio Grande rocks may 
(but also may not) simply reflect 
inadequate sampling. Moreover, the 
impossibility of knowing whether or 
not the sampling is representative 
makes it impossible to say that the 
Rio Grande basement does not also 
include tholeiitic material. 

But these reservations apart, the best 
information available suggests that the 
Rio Grande rise consists of alkalic 
basaltic rocks covered with later sedi- 
ment. And as alkalic basaltic rocks in 
oceanic provinces are usually associated 
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seems reasonable to propose, as do 
Fodor and his colleagues, that the rise 
originated as a series of volcanic islands 
and/or seamounts which underwent 
magmatic differentiation and subsided 
as the South Atlantic opened. The evi- 
dence for subsidence is that the Rio 
Grande sediment contains shallow- 
water fossils incompatible with its pre- 
sent depth. Those same sediments also 
contain little or no volcanic material, 
suggesting that the igneous activity 
represented by the dredge samples must 
have occurred early in the South 
Atlantic’s history. 

However, the question of how the 
volcanic islands formed is still un- 
solved. They appear to be consistent 
with generation at a hotspot, although 
volcanic activity along fracture zones 
cannot be ruled out. The origin of the 
Walvis ridge is similarly uncertain. 


European tree-trunks 
reveal post-glacial 
changes 


from J. M. Fletcher 


A symposium on Dendrochronology 
was held on 19 August, 1977, as 


part of the X INQUA Congress at 
Birmingham. 





DENDROCHRONOLOGY, the dating of 
wood remains by the number and 
pattern of tree-rings has been exten- 
sively used to date wooden artefacts 
and timber structures from prehistoric 
to relatively modern times (see News 
and Views 268, 402; 1977). Some of 
the research reported at the sympo- 
sium demonstrated that the type of 
tree-ring analysis involved is also re- 
vealing and dating major changes in 
palaeogeography over the past 10,000 
years and calibrating radiocarbon ages 
with greater accuracy than hitherto. 
In Europe, Bruno Huber (1899-1969) 
established German preeminence in 
this subject and this position is being 
maintained by the work of his pupils, 
in particular by that of B. Becker 
(University of Hohenheim, Stuttgart). 
From his comprehensive study of the 
subfossil tree trunks that lie at various 
depths in the sediments occupying for- 
mer river channels in central Europe 
Becker has been able to trace and date 
with precision changes in fluvial acti- 
vity and in climate from 9,600 Bp (in 
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Preboreal time) to 780 ap, after which 
few trunks were deposited in the 
drainage systems studied. 

The information on climatic changes 
has been derived from the changes in 
species present in the immediate post- 
glacial period and from the dating by 
dendrochronology of 2,000 oak tree- 
trunks in association with the variations 
in their average ring-widths (that is 
growth rates) at different times in the 
Holocene. 

Periods at which depositions ceased 
simultaneously occurred in several river 
systems, for example the Danube, 
Rhine, Main and Werra. At other 
periods, for example 6,700 to 4,500 Bc, 
the ring-widths and associated remains 
from peat indicate a slow rate of 
growth due to wet sites with a high 
ground water level. 

The dates of major changes in the 
drainage system are pin-pointed by 
these results. For example, in late 
Atlantic times there was renewal of 
trunk accumulation due to high fluvial 
activity from 4,300 to 3,100 sc. Becker 
interprets his results for the Late Holo- 
cene as providing evidence not only for 
the activity of the rivers, but, from 
changes in the widths of the annual 
rings, for the clearance of forests by 
man with the production of deep allu- 
vial soils. 

A paper of particular interest to 
those concerned with the calibration of 
radiocarbon dates dealt with results at 
Queen’s University, Belfast on large 
samples (175-200 g), each covering 20 
years growth, of the sub-fossil oaks al- 
ready dated in the same department 
by tree-ring analysis. After a lengthy 
period of critical examination of the 
human and other errors that can arise 
in radiocarbon analysis, G. Pearson has 
achieved an accuracy in which the un- 
certainty on each of many results is 
as little as +25 yr. The importance of 
this accuracy, which is comparable to 
that (about +20 yr), now achieved 
at Seattle by M. Stuiver on comparable 
samples of recent wood, lies in the 
reliability of the information for the 
first period to be examined systema- 
tically, namely from 3,600 to 4,600 Bp. 
Whereas previous results from US 
laboratories a decade or so ago were 
interpreted as showing distinct ‘wiggles’ 
in that part of the calibration curve, 
the Belfast results virtually conclu- 
sively demonstrate their absence. 

Two papers in the session dealt with 
conifers at the timberline in the Alps. 
Françoise Serre (Laboratory for 
Palaeobotany and Palynology, Mar- 
seilles) has discovered what may well 
be some of Europe’s longest-lived trees. 
Most of the 38 larches sampled at an 
altitude of 2,100m in the Maritime 
Alps (France) are over 1,000 years old. 
About 20% of their ring-width sequen- 
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ces have been cross dated and the 
‘signature’ years compared with clima- 
tic variations. The research extends to 
about 500 km, the distance in the Alps 
over which ring-width features for this 
species are common to particular years. 

For the eastern Alps, the High 
Tavern of Austria, H. W. Posamentier 
(Department of Geosciences, Rider 
College, New Jersey) described how 
natrow and wide rings of stone pine 
and larch at the timberline are related 
to records of glacier advance or retreat. 
For stone-pine, the correlation coeffi- 
cient (r) is —0.69 for the years 1891- 
1969. The tree-ring record implies 10 
or 11 periods of glacier advance since 
1585: these include the years 1627-28 
and 1815-22 when ring-widths were at 
their lowest values. a 





Snow geese, 
lizards and sunbirds 


from John Krebs 





The 15th International Ethological 
Conference was held at Bielefeld, 
FRG on 25-31 August, 1977. 





THERE are two genetically distinct 
colour phases of the lesser snow 
goose, Anser caerulescens breeding in 
Northern Canada. At the Eastern end 
of Hudson’s Bay the large La Pérouse 


Bay colony contains 25-30% ‘blue’ 
and 70-75% ‘white? morphs. At the 
conference, F. Cooke (Queens Uni- 


versity, Ontario) described a remark- 
able long term study of the mating 
preferences of the two colour morphs. 
At La Pérouse Bay, most birds choose 
a mate of their own colour: only 16% 
of all pairs are mixed, compared with 
an expected 40% if birds had been 
choosing mates at random. In a series 
of experiments with captive geese, 
Cooke was able to show that the bird’s 
preference for a mate of its own colour 
comes about through imprinting (learn- 
ing during early life). The field observa- 
tions and experiments established the 
following facts. Birds of mixed parent- 
age choose mates at random with 
respect to colour, so that own colour 
has no direct effect on mate choice. 
In order for a clear preference to be 
established, a young bird has to grow 
up with parents and siblings of the 
same colour. Birds reared with parents 
and siblings of different colours showed 
no clear mating colour preferences, 
although they did avoid mating within 
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their own foster group (an interesting 
parallel with learned ‘incest’ avoidance 
in human children). How do mixed 
pairs arise in nature? Cooke con- 
structed a model based on the observed 
facts, and was able to show that about 
40%. of the offspring from pure broods 
must-be mating at random in order to 
account for the observed level of mixed 
pairs. An appreciable proportion of 
birds become imprinted-on the ‘wrong’ 
colour as a result of nest parasitism, 
for example a blue pair laying an egg 
in the nest of a white pair, but this 
alone is not enough to account for the 
high level of ‘mistakes’. Cooke suggests 
two possible additional hypotheses: 
there is genetic variation in imprint- 
ability, or birds take a mate of the 
wrong colour when there is no alter- 
native around. Cooke’s study is the 
clearest demonstration of sexual im- 
printing in the wild, but the selective 
forces acting on the snow goose poly- 
morphism are still a mystery. White, 
blue, and mixed pairs all have similar 
reproductive success, yet the frequency 
of morphs varies from one colony to 
another. Whether this reflects an 
historical accident, or the action of 
unidentified selection pressures remains 
to be discovered. 

The phenomenon of sexual imprint- 
ing itself is hard tọ explain in func- 
tional terms. Why should birds have to 
learn their mating preferences rather 
than having a purely inborn response 
to their own species? P. P. G. Bateson 
(University of Cambridge) proposed 
the intriguing idea that sexual im- 
printing is primarily involved with 
recognition of kin. Bateson argued 
that animals should avoid mating with 
their own siblings (because of the 
adverse effects of inbreeding), but they 
should also prefer to mate with 
partners from the same population, 
whose genes will be adapted to the 
same environmental conditions. The 
simplest way to achieve this optimal 
level of outbreeding would be to learn 
the phenotypic characteristics of close 
kin, and choose a mate which is similar 
but not too similar to the parents and 
siblings. This prediction could well be 
tested experimentally. 

Although the main theme of the 
conference was behavioural ontogeny, 
there were several outstanding con- 
tributions dealing with more ecological 
problems. J. A. Stamps (University of 
California at Davis) described how 
young lizards (Anolis aeneus) defend 
feeding territories, and in addition that 
. the level of aggression shown to 
tethered conspecific intruders depends 
on the size ratio of resident to intruder. 
The lizards are most aggressive to 
individuals of the same size, which 
have the biggest overlap in feeding 
niche, and are hence the most severe 
competitors. L. L. Wolf (University of 


Syracuse, New York) and F. B. Gill 
(University of Pennsylvania, Phila- 
delphia) also reported on a study of 
feeding territories, and described how 
sunbirds (Nectariniidae) utilise their 
defended feeding area in a way which 
results in an individual! avoiding 
recently depleted flowers so that. they 
always harvest from those flowers 
which have been accumulating nectar 
for a long time. 

Finally, T. H. Clutton-Brock (Uni- 
versity of Cambridge) showed in a 
most elegant study how red deer stags 
settle disputes over the ownership of 
females by roaring contests, in which 
there is a gradual escalation of roaring 
rate until the loser gives up, presum- 
ably exhausted. There remains the 
nagging question of why a weak stag 
does not lurk in the background while 
two stronger males roar each other to 
exhaustion, and then step in to claim 
the hinds. g 


Origin of 
cosmic rays 


from a Correspondent 


The 15th Biennial International 
Cosmic Ray Conference was held at 


Plovdiv, Bulgaria on 13-26 August, 
1977. 





SOMEWHERE in the Universe cosmic 
ray nuclei are produced and acceler- 
ated up to energies as high as 10” eV. 
The bulk of cosmic ray nuclei, falling 
at the rate of 10fm>min™ on the 
Earth’s atmosphere, are known to be 
single protons and to have energies 
~10" eV. The flux of such particles 
falls off steeply with energy (* E™) so 
that at 10° eV the rate is very low 
indeed, I per 10 km?’ per 10 years. The 
propagation paths of the cosmic ray 
particles are stirred up by interstellar 
magnetic fields to such an extent that 
nearly all sense of source direction is 
lost. Thus the origin of cosmic ray 
particles remains a continuing topic 
for debate, and pervaded the con- 
ference. No definite solution was to 
emerge but some progress was 
achieved. 

Experimentally the main attacks on 
the problem are concerned with the 
determination of the mass composi- 
tion, the energy spectrum and the 
arrival directions of the cosmic ray 
particles. At lower energies (~10" eV) 
interest still focuses on the relatively 
recent discovery of ultraheavy cosmic 
ray nuclei. New results were presented 
by the combined University of Bristol/ 
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Dublin Institute for Advanced Studies 
group on the analysis of large balloon- 
borne lexan plastic and nuclear emul- 
sion sandwich stacks flown from Sioux 
Falls, USA. A total exposure of 120 m° 
days was achieved at ~3.8 gcm” 
atmospheric depth. A total of 274 
tracks of nuclei with charge number 


Z>36 were found, of which 96 had) a 


Z>65. The charge distribution 


featured a peak in the neighbourhood 


of platinum and a high uranium group 
flux. The conclusion appears to be that: 


these particles are produced by rapid 
(r-process) presume io: 


neutron capture 
ably in supernovae or 
outbursts. 

At higher energies up to 10” eV and 
beyond the evidence with. regard to the 
overall mass composition is very. in- 
directly obtained and with controversy 
existing as to interpretation it is prob- 
ably best (but not necessarily safe) to 
conclude that the mass composition is: 
much the same as that found at lower 
energies, that is, 90% protons, 9% 
helium nuclei, 1% rest, at a. fixed 
energy per nucleon. ; 

For many years now it has been well 
established that the energy spectrum 
steepens significantly beyond 10° eV 
although the explanation of. the 


similar 


steepening remains in doubt. New are 
the conference <t 
from the large Extensive Air Shower ` 


results presented at 


Arrays at Haverah Park (England), 
Yakutsk, (USSR), and Volcano Ranch 
(USA) consistently indicate a flatten- 
ing in the spectrum again at close to 
10“ eV. This flattening may perhaps 
represent a transition from dominantly 
galactic rays to extragalactic sources. 

Any weight given to this latter con- 
clusion must be strongly influenced by 
the almost complete isotropy in arrival 
directions of cosmic ray particles up 
to the highest energies. Harmonic 
analysis in right ascension of the data 
at these highest energies (>10° eV) — 
does suggest a measurable anisotropy 
creeping in, but the phase seems. to 
change with energy and no obvious 
source direction is indicated. Some of 
the highest energy events clearly come 
from high galactic latitudes, strongly 
suggesting extragalactic origin. 

The outstanding problem for pro- 
tagonists of the extragalactic origin 
rests with the lack of cut-off above 
10° eV expected from the interaction 
of the high energy particles with the 
universal 2.7K photons. This suggests 
that the particles observed at these 
energies come from distances within 
10° light years. 

In the opening invited talk at this 
conference V. I. Ginzburg (Insti- 
tute for Nuclear Research, Moscow) 
argued forcefully that as the galactic 
halo had now been well established 
from radio astronomy, there really was 
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no problem in the bulk of the cosmic 
rays being of galactic origin. Later in a 
more detailed analysis of the situation 
V. S. Berezinsky (Moscow) main- 
tained the Soviet line by suggesting a 
theory that could fit the total experi- 
mental data. According to his ‘naive 
theory’, at energies below 10° eV 
cosmic rays are mostly protons of 
galactic origin. The phase of anisotropy 
varies with energy due to a focusing 
effect of the galactic magnetic fields. 
At higher energies an origin transition 
occurs with the cosmic rays reaching 
the Solar System largely coming from 
the local supercluster of galaxies with 
a maximum from the Virgo direction. 
For the moment this theory of the 
origin of cosmic ray particles seems to 
be the best compromise. g 


Do populations 
regulate themselves? 
by Mary Lindley 
A symposium on Population Control 
by Social Behaviour was held at the 


Institute of Biology in London on 
20-21 September, 1977. It was 


organised by D. M. Stoddart (King’s 


College, London) and F. J. Ebling 
(University of Sheffield), and the 
proceedings will be published by the 
Institute of Biology. 


Twenty years ago V. C. Wynne- 
Edwards propounded a hypothesis to 
explain why populations of animals 
do not expand unchecked until stopped 
by the exhaustion of food resources. 
Many and perhaps most animals, he 
suggested, must regulate their popula- 
tion densities before this stage is 
reached, and they do that through so- 
cial competition. His work on the red 
grouse (Lagopus lagopus scoticus), 
which was carried out at the University 
of Aberdeen and which he recalled at 
the symposium, proved him correct as 
far as that species was concerned. Each 
autumn young males take up territories 
in a contest with established males, 
and the many unsuccessful birds are 
cast out and usually die within six 
months. Thus population density is 
regulated. 

One of the purposes of the sym- 
posium was to examine how much 
more evidence has emerged in favour 
of the hypothesis. Some of the eleven 
speakers addressed that theme more 
directly than others. 

Reviewing 30 years of field work 


Mary Lindley 


Mature 
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with great tits (Parus major) in 
Oxford and Holland, J. R. Krebs 
(University of Oxford) said that 
the birds’ behaviour seems to affect 
population size during three stages 
of the annual cycle. First, dur- 
ing the spring breeding season the 
number of eggs laid by each bird can 
fluctuate considerably, with fewer pro- 
duced when the population density is 
high than when it is low. This fluctua- 
tion does not seem to be a direct con- 
sequence of changes in the amount of 
food available. The immediate in- 
fluence is more likely to be a be- 
havioural mechanism. Second, the sur- 
vival of young birds in the summer and 
early autumn is an important influence 
on the size of the population, and 
aggressive interactions are at least in 
part the cause, with heavier birds most 
likely to survive. The third period 
when behaviour seems to be regulating 
population is early spring, when birds 
compete for territories, and exclude 
those that are unsuccessful. But 
Krebs stressed that little is known 
about the environmental resources to 
which the regulating behaviour is 
geared. 

Indications of similar regulatory in- 
fluences on populations of the wood- 
mouse (Apodemus sylvaticus) have 
emerged from equally long term 
studies carried out in the United King- 
dom and elsewhere in Europe. 
J. R. Flowerdew (University of Cam- 
bridge) described how from winter to 
winter the number of woodmice with- 
in a population remains relatively 
stable. From summer to summer, how- 
ever, there is considerable variation 
and the population is smaller in 
summer than in winter. The size of the 
winter population seems to be re- 
gulated by a density-dependent process 
initiated in summer. Social behaviour 
seems to be a part of that process, in- 
volving, for example, aggression to- 
wards immigrants and dispersal of 
juveniles. But more information is 
needed about the nature of the be- 
haviour and about the influence of 
other factors, especially genetics, pre- 
dation and starvation. 

In primatology, however, positive 
conclusions seem even further away. 
Although primates might seem to be 
ideal mammals for the study of social 
behaviour and population structure, 
most of them live too long. A. Jolly 
(University of Sussex) pointed out that 
there has been pathetically little long- 
term fieldwork with primates. Hope 
is offered, however, by the lemurs of 
Madagascar which have a relatively 
short life cycle. Since 1963 sixteen 
studies have been carried out in the 
favourable circumstances of the 
Barenty Reserve, and although the 
objectives have been different in each 
case, the data can be combined to 
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represent a long-term study of the 
sifaka (Propithecus  verrauxi) and 
Lemur catta. A picture is emerging of 
stable populations, with P. verrauxi 
maintaining the same territories 
throughout the year and from year to 
year, while L. catta fluctuates in its 
use of the environment. This seems to 
be an ideal situation for critical study 
of social behaviour and population 
regulation. And that was as far as Jolly 
was prepared to go. 

Her fellow primatologist J. Deag 
(University of Edinburgh) seemed to 
offer even less hope. He launched an 
attack on primatologists, including 
himself, for the way they have gener- 
ally discussed the adaptive significance 
of social behaviour. He criticised the 
approach of inductive reasoning, 
whereby hypotheses are developed to 
explain behaviour on the assumption 
that it is adaptive. This had led to 
much speculation, with in many cases 
alternative hypotheses which are dif- 
ficult or impossible to test. Deag called 
for a more critical approach based on 
established facts and involving more 
rigorous testing of the predictions of 


hypotheses. 
There is growing evidence that 
odours are involved in many inter- 


relationships ‘between behaviour and 
population processes in mammals. 
Reviewing what is known so far, 
D. M. Stoddart (King’s College, Lon- 
don), explained that data on the role 
of odours in reproduction are hard to 
interpret because all were obtained in 
the laboratory, which is very different 
from the field. But three aspects of 
population ecology provide a function 
for odour. First, social dominance can 
be marked by odour in several species, 
including rabbits and marmosets. The 
emerging picture is of a rise in social 
dominance associated with increased 
production of scent, increased marking 
behaviour and a change in the com- 
position of the odorous secretions. 
Second, odour can be used to mark 
out and maintain territory. It chiefly 
deters intruders and serves as a land- 
mark by which the occupier re- 
cognises its own territory. Third, odour 
seems to be involved in the transmis- 
sion of danger and warning signals, 
although so far the evidence is not 
strong. As Stoddart pointed out, the 
role of odour in population regulation 
is another underdeveloped area of 
investigation. 

By the end of the symposium the 
only conclusion to have emerged was 
the familiar plea that more work needs 
to be done. Wynne-Edwards professed 
himself completely content that discus- 
sion about his hypothesis is still alive. 
As he said, you cannot expect answers 
of the sort given at meetings of the 
British Association in Victorian 
times. Ol 
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review article 





Recent excitement in the DNA replication problem 


Bruce Alberts* & Rolf Sternglanzt 





It is now possible to reproduce most of the reactions involved in DNA replication using prokaryotic — 
enzymes in vitro. Such systems have revealed that DNA replication is a complex process depending 
on a relatively large number of proteins, and that nucleoside triphosphate hydrolysis energy is used 
at several discrete steps. Much of the complexity of DNA replication may arise from the need for 


extreme copying fidelity. 





DNA REPLICATION represents a central biological problem 
whose general outlines were solved “in theory” by Watson and 
Crick. For the past 24 years, geneticists, biochemists and 
molecular biologists have been hard at work attempting to 
translate into chemical reality the prediction that “each chain 
acts as a template for the formation on to itself of a new com- 
panion chain™. Progress has been slower than many had 
expected, as both the mechanism and the enzymology have 
turned out to be surprisingly elaborate. The following general 
conclusions concerning events at a functioning replication fork 
now seem reasonable, and willbe used as section headings in 
this brief review of the present status of the field. Note that we 
have not attempted to deal with the important problem of how 
replication forks are initiated, but only with how, once formed, 
they progress along the parental helix to duplicate the DNA. 


DNA is replicated by a multienzyme complex 


DNA is replicated by means of a multienzyme compicx, 
sometimes called a “replication apparatus”. This complex, 
because it is held together by relatively weak protein—protein 
interactions, has’ been isolated only as smaller individual 
protein components: Much of the challenge in this field is a 
consequence of ‘the difficulty of recognising these components 
in cell extracts, and then» purifying them and characterising 
their activities in larger‘reconstituted systems. 

The first components to be identified were of course the DNA 
polymerases, the intricate and elegant enzymes which catalyse 
the actual polymerisation process, while following the dictates 
of the base sequence of a’ DNA template strand®. These large 
enzymes (molecular weight about 10°) have so far failed to 
receive the attention they deserve from enzymologists, chemists 
and X-ray crystallographers. As a result, we know rather less 
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§ The new term “helix-destabilising protein”, and the HD-protein abbreviation, 
are suggested here after consultation with other workers in this field. They are 
designed to avoid confusion with other types of proteins which seem to use ATP 
hydrolysis energy to aid in DNA-helix unwinding (see text}. As an example of the 
convention proposed, the extensively characterised E. coli (3) and calf (4) analogues 
of the T4 HD-protein (gene 32-protein) are to be designated henceforth as the Eco 
HD-protein | and the calf HD-protein L respectively. This nomenclature is designed 
to be descriptive enough tö emphasise the striking homologies which exist between 
HD-proteins from different organisms, without focusing on any one of the possible 
consequences of thermodynamic DNA doubie-helix destabilisation (e.g. double- 
hek poxinding: acceleration of DNA renaturation, and single-strand extension; 

e ref, 5), 


about their detailed chemistry than we should, despite some 
intriguing initial studies’. ; 
Because it is smaller and simpler than the DNA polymerase, 
considerable attention has been paid in recent years to defining 
the chemistry and structure of a second component of the 
replication apparatus, henceforth designated the “helix- 
destabilising protein” (abbreviated as HD-protein)§. The 
prototype for proteins in this class is the T4 HD-protein (T4 
gene 32 protein), originally designated a “DNA-unwinding 
protein’, and in more recent years called by some a “DNA- 
melting”? or “DNA-binding”? protein. Quantitative. data 
reveal that by binding tightly, co-operatively and specifically. to 
single strands, the T4 HD-protein and its analogues in other 


organisms greatly reduce the thermodynamic cost of DNA 


helix melting within the cell®***. However, as discussed 
below, additional energy seems to be needed to open the parental 
DNA helix ahead of the fork. Further, HD-proteins interact in 
specific ways with many other proteins which function on DNA, 
and can thereby play a deciding part in determining their mode 
of action’: t2 =$, 

The other proteins which interact with the DNA polymerase 
and helix-destabilising protein to’ complete a replication 
apparatus are less well characterised. Here geneticists have 
contributed much to recent advances. Their work forecast the 
complexity of in vitro systems now in use, revealing as early 
as 1963 a requirement for numerous gene products in a large 
replication apparatus':'5, Moreover, the many mutants they 
isolated made it possible for biochemists to develop “in vitro 
complementation assays”. Such assays, which quantify the 
activity of mutationally defined proteins, have allowed numerous 
essential proteins of previously unknown function to be identified 
and purified to near homogeneity from £. coli", bacteriophage 
T4617 and bacteriophage T7!*~* replication systems. The 
development of an E. coli in vitro DNA replication system using 
only soluble components*! was another major advance. So 
far, the number of putative replication fork proteins identified 
by genetics and/or biochemistry is at least 13 from £. coli#", 
6 from the T4 system!*:22 and 4 from the T7 system?*~?-25, 
Possibly some of the extra proteins in the E. coli system are 
essential because the assembly of the replication complex 
needs to be much more carefully controlled in a bacterium 
than in a bacteriophage. 

An interesting and so far unexplained feature of these 
multienzyme complexes is the large number of different 
replication proteins which hydrolyse nucleoside triphosphates 
to nucleoside diphosphates and inorganic phosphate. These 
include dna B protein’, copolymerase HI**, replication 
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Fig. 1 a, Schematic representation 
of a replication fork, in which 
synthesis on the leading and 
lagging strand differs, but is 
carried out by the same type of 
DNA polymerase. b, Lagging 
strand synthesis in more detail: 
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factor Y*%, rep protein”, and presumably DNA gyrase?’ 
from E. coli; gene 44/62 protein and gene 41 protein from 
1422-29; and gene 4 protein from T7*. 


Fidelity constraints on the 
mechanism probably generate the 


observed asymmetrical replication fork 

Most of those working on the biochemistry of DNA replication 
in the early 1960s tended to view replication as a relatively 
simple process. Cairns had shown by autoradiography that the 
two parental polynucleotide chains become separated from 
each other, and at about the same time become paired with 
newly made complementary chains, at a structure termed a 
“replication fork’, The simplest mechanism to draw was one 
in which DNA polymerases continuously elongate the DNA 
chains on the two sides of this fork. Because of the antiparallel 
orientation of strands in the DNA double helix, only one of these 
DNA polymerases could proceed by chain elongation in the 
5’ to 3’ chain direction (by attack of a 3’-OH of a polymer 
chain end on the activated 5’ end of an incoming 5’-deoxy- 
ribonucleoside triphosphate monomer). A second type of DNA 
polymerase had to be postulated for which the growing chain 
end carried the 5’ triphosphate activation, and the incoming 
5’-triphosphate monomer was “backed in” to present its 
3’OH for the polymerisation reaction. Efforts to find such a 
second DNA polymerase were unsuccessful. Moreover, 
pulse-labelling with *H-thymidine revealed 1,000—2,000 nucleo- 
tide-long “Okazaki fragments” of DNA at the growing fork*?, 
apparently synthesised in the 5’ to 3’ chain direction only**, 
and subsequently joined together by DNA ligase**~**. These 
observations. suggested that at least one of the two daughter 
DNA chains grows discontinuously at the replication fork, 
and in conjunction with detailed electron microscopic analysis 
of replicating molecules”, led most workers in the field to 
switch to favour the type of model for replication schematically 
illustrated in Fig. la. Here, because of the asymmetry of syn- 
thesis on the leading and lagging sides of the fork, only a 
DNA polymerase which elongates chains in the 5’ to 3’ direction 
is required. However, fresh complications arise from the 
(at first sight perverse) inability of known DNA polymerases 
to start DNA chains de novo, Such new chain starts are 


/ Nick sealing by 
DNA ligase 


a cycle of synthesis and degrada- 

tion of the RNA primer believed to 

start Okazaki fragments (for details, 
see ref. 38). 


Next cycle 
and so on 


required at frequent intervals on the lagging side of the fork 
(Fig. la). Partly for this reason, a new primer-generating 
polymerase was sought, and eventually found in the E. coli 
replication system*!. Its properties, combined with data from 
another system?243, made it seem likely that Okazaki fragments 
are initiated on short RNA primers which are elongated by 
DNA polymerase and then erased (and replaced by DNA) 
before DNA ligase-catalysed sealing of the lagging-strand 
DNA fragments. One such hypothetical cycle of primer syn- 
thesis and degradation is schematically illustrated in Fig. 1d. 

The type of mechanism outlined in Fig. I seems at first 
sight much more complex and unwieldy than necessary. Is it 
possible that nature has been foolish and wasteful in engineer- 
ing these crucial processes? In attempting to answer this 
question, it is important to recognise that DNA replication 
must be extremely accurate. Indeed, the observed templating 
fidelity is such that only one mistake is made per 10° to 10% 
base pairs replicated in £. coli™. 

The initial finding that DNA polymerases require a pre- 
existing primer chain to begin synthesis**", began to be 
understood in the context of fidelity when it was found that for 
polymerisation, both T4 and E. coli DNA polymerases demand 
a Watson-Crick base-paired residue at the 3’OH terminus of 
the primer to which nucleotides are being added. When con- 
fronted with a template-primer with a terminal mismatch, these 
polymerases use their built-in 3’---5° exonuclease activity to 
clip off unpaired primer residues by hydrolysis; this. continues 
until enough nucleotides are removed to regenerate a base- 
paired terminus and create an active template-primer*. As a 
result, these polymerases will efficiently remove their own 
polymerisation errors, As demonstrated by studies with 
mutant DNA polymerases***, this self-correcting feature 
allows the enzyme to select for the proper template base- 
pairing of each added nucleoside triphosphate in a separate 
backward reaction, in addition to its strong selection for 
base-pairing of nucleoside triphosphates during the initial 
polymerisation. Theoretically, the intrinsic mistake frequency 
at this first step due to base mispairings can be reduced by the 
same factor in the proofreading step. It has been argued from 
chemical considerations®* that the intrinsic mistake frequency 
is unlikely to be less than 10. In this case, at least one proof- 
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reading step would be absolutely required to approach a 
tolerable mutational load (10-5 = {075 = 109). 

Accepting this view, it becomes clear why no DNA poly- 
merase is able to start a new polynucleotide chain de novo, 
whereas DNA-dependent RNA polymerases can do so. We 
postulate that the need to be self-correcting gives DNA poly- 
merase a stringent requirement for a perfectly base-paired 
primer terminus; to ask this enzyme to start synthesis in the 
complete absence of primer, without losing any of its dis- 
_. €rimination between base-paired and unpaired primer 3’-OH 
“termini, seems contradictory. In contrast; the RNA poly- 
merases need not be self-correcting, inasmuch as relatively 
high error rates can be tolerated during transcription. 

This line of reasoning likewise suggests a possible explanation 
for the failure-to.find a second DNA polymerase which adds 
deoxyribonucleoside 5’ triphosphates in such a way as to cause 
chains..to. grow in the 3’---S’ direction, despite the relatively 
simple type of replication fork mechanism that this would allow. 
With such a 3’~-5’ polymerase the growing 5’ chain end (rather 

‘than’ the incoming mononucleotide) carries the activated 
triphosphate. Thus, mistakes in polymerisation cannot be 
hydrolysed away without a special enzymatic system for 
reactivating the bare 5’ chain end thus created. 

Finally, this view suggests why an erasable ribonucleotide- 
containing primer might be preferred for priming, rather than a 
non-erased DNA: primer which might otherwise seem more 
economical. The argument that a self-correcting polymerase 
cannot start chains de novo also implies its converse: that an 
enzyme which starts chains de novo cannot do a good job of 
self correcting. Thus, any enzyme which primes discontinuous 
synthesis will of necessity.make a relatively inaccurate copy 
(say, more than one error in 105). Even if the amount of this 
copy which is retained in the final product constitutes only 1% 
of the total genome (say, 10 primer nucleotides per 1,000 
nucleotide Okazaki fragment), the resulting increase in overall 
mutation rate could be substantial. Thus, it seems reasonable 
to suggest that the use of ribonucleotides in synthesis of primer 
was of great evolutionary advantage, since it automatically 
marked these sequences as bad copy” to be removed. 

In conclusion, it seems. likely that the type of mechanism 
for DNA replication sketched in Fig. 1 was specially selected 
to ensure that the entire DNA sequence is very accurately 
copied (that is, copied bya self-correcting type of DNA poly- 
merase). Additional complexities in the mechanism, including 
the poorly understood requirements for protein cofactors which 
hydrolyse nucleoside triphosphates to nucleoside disphophates 
(see above), may be similarly designed to help generate fidelity 
in as yet unexplained ways (see, for example, refs 51 and 52). 


ATP energy can be used to aid 

DNA helix-unwinding at the replication fork 
The early suspicion. ‘that ‘cellular energy sources might be 
directly used to aid in the mechanics of DNA helix- 
unwinding***+ has been dramatically confirmed by recent data. 
The first direct hint that this might be the case was the discovery 
of E. coli “DNA-unwinding ‘enzyme 1[°°°55%. This enzyme, 
whose function in vive is still unknown, can denature DNA 
only when it hydrolyses ATP, like the ATP-dependent nucleases 
discovered earlier®’-**, Later, a different £. coli DNA unwinding 
enzyme was identified, and found to correspond to the rep 
gene product”. Like the above ATP-dependent enzymes, the 
rep protein can be assayed as a DNA-dependent ATPase, 
with ADP and P, as products. In a recent elegant series of 
experiments, the rep protein has been shown to be necessary 
for DNA polymerase action on a double-helical template. 
Specifically, @X174 double-stranded DNA circles have been 
used for efficient synthesis of single strands of viral DNA by 
the combined action of: a four-protein complex called E. coli 
“DNA polymerase HI holoenzyme”, rep protein, Eco HD- 
protein, and the @X-coded cis A protein®’**. In this reaction, 
the cis A protein nicks the (+) strand of the circular ọX DNA 
at a unique site, and attaches covalently to the 5‘ end of the 
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Unwinding 
enzyme 


Fig. 2 Possible energetic contributions to ‘helix’ unwinding; HDP 
stands for helix-destabilising protein’ (see footnotes): For a 
description of HD-protein, unwinding enzyme and DNA gyrase, 
see text. The arrows show the expected. directionality. of the 
motion generated by unwinding enzyme and by DNA gyrase, 
respectively, due to conformational changes occuring when 
bound ATP is hydrolysed by these proteins®’**, The assignment 
of unwinding enzyme to the lagging strand side of the fork. is». 
rather arbitrary, and is based upon the fact that stoichiometric 
quantities of E. coli DNA-unwinding enzyme d seem to invade a 
DNA double helix by “walking” along a single strand from its 
5’ toward its 3’ end®. 


DNA. The adjacent 3’-OH end created serves as a primer for 
the DNA polymerase, which in conjunction with HD-protein 
and rep protein synthesises the (=+) strand in a modified 
“rolling-circle”® mode of replication. Approximately two 


molecules of ATP are hydrolysed per deoxyribonucleotide 5 


polymerised in this system. 

The hydrolysis of one ATP molecule releases about 14 kcal 
of free energy at intracellular concentrations of ATP, ADP 
and P,®!. The energy cost of melting a base pair on the tem- 


plate should range from about 1.2 kcal mol-! ($ next to. #) 0°) 


to 5.0 kcal mol~! (Ë next to £), depending on the particular 
base pair being melted and its nearest neighbour. (These 
numbers were derived for RNA helicies at 25°, but- values 
for DNA helicies should be similar®?.) Thus, coupled ATP 
hydrolysis can in principle make a significant contribution 
to parental DNA helix unwinding. 

How an unwinding enzyme such as the rep protein may 
function in the replication of double-stranded DNA iş 
schematically illustrated in Fig. 2. This scheme is designed to 
take into account the following facts: (1) only catalytic amounts 
of the rep protein are required for DNA synthesis*’; (2) the 
rep protein can hydrolyse ATP and cause DNA strand separa- 
tion with Eco HD-protein even in the absence of DNA poly- 
merase**'5*, and (3) unidirectional mechanical motion can result 
from coupling the hydrolysis of a bound nucleotide to allosteric : 
changes in protein conformation (as. in muscle)****. From a = 
recent report, the T7 gene 4 protein seems to perform a function. 
similar to that of rep in the T7 DNA replication system?®. o< 

Nevertheless, additional data make it clear that ATP-driven 


unwinding enzymes are only one of several kinds of come 


ponents contributing to helix unwinding. First of all, while 
T7 gene 4 mutants are conditional-lethal and fail to replicate 
T7 DNA, all known E. coli rep mutants are viable (the rate of 
E. coli replication fork movement is slowed by only half when 
the rep gene is mutated; ref. 66). Second, an exciting new E. 
coli enzyme, DNA gyrase, has been discovered which uses 
ATP energy to pump negative twists into the DNA double 
helix®*, as schematically illustrated in Fig. 2. Such negative 
supertwisting will make the DNA helix easier to open by an 
estimated | kcal mol base pairs (M. Gellert, personal 
communication: see also ref. 67). DNA gyrase is inhibited by 
the drugs novobiocin®* and nalidixic acid (M. Gellert, personal 
communication; N. Cozzarelli, personal communication). 
Since these drugs stop DNA replication immediately in Æ. coli 
(and many other prokaryotic systems), the contribution of 
DNA gyrase to helix unwinding in these system may be 
essential. : 

Finally, an important contribution to helix unwinding. is 
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likely to be made by the helix-destabilising proteins. Apparently 
homologous HD-proteins have so far been found in a wide 
variety of organisms, including T4 and T7 bacteriophages®" EF. 
col, Ustilago maydis™, and calft. As described above, Eco 
HD-protein is required for the catalytic rep protein-mediated 
DNA melting observed with @X174 DNA in the presence of the 
@X cis A protein??™*, although its energetic contribution to 
melting is not yet known. Similarly, while the T4 DNA poly- 
merase cannot displace strands on double-helical templates by 
itself, the addition of intracellular concentrations of T4 HD- 
protein to the complete T4 in vitro replication system allows 
this enzyme to proceed through double-stranded DNA at 
close to the rate in vivo of 800 nucleotides per second”. ATP 
hydrolysis by the T4 44/62 protein is required for this synthesis, 
but the stoichiometry of coupled hydrolysis is apparently less 
than | ATP hydrolysed per 5 deoxyribonucleotides polymerised 
(J. Barry and B. M. Alberts, unpublished results). 

Since no DNA gyrase seems to be used in the T4 in vitro 
system (E. Belikoff and R. Sternglanz, unpublished results), a 
great deal of the 12--»50 kcal mol™! required to melt one helical 
turn (10 base pairs) of DNA in this system may have to come 
from T4 HD-protein binding to the single-strands produced, 
as schematically illustrated in Fig. 2. Recent studies carried 
out on the T4 HD-protein® would suggest that inside the cell, 
not more than 10 to 20 kcal mol~! helical turn melted should 
accompany its binding (assuming a concentration in vivo of 
about 10 M). However, stronger binding is seen when the 
C-terminal 8,000-dalton segment of T4 HD-protein is removed 
proteolytically, and the interesting suggestion has been made 
that the known interaction of T4 HD-protein with DNA 
polymerase”! and other T4 replication proteins?? similarly 
increases this energy of DNA binding at the replication fork7?. 

To summarise the situation as it seems to be now, a large part 
of the energy required for DNA helix unwinding ahead of the 
DNA replication fork can, in principle, be derived from the 
sum of the several forces illustrated in Fig. 2. No one of these 
proteins need be sufficient to accomplish the task alone. 
Surprisingly, different replication systems seem to use a different 
balance of the mechanisms illustrated, in some cases all three. 
Finally, the fact that DNA polymerase I of E. coli can use 
double-helical DNA templates in the absence of any of the 
proteins in Fig. 2 (ref. 2) means that considerable energy for 
helix unwinding can also come from the deoxyribonucleoside 
triphosphate hydrolysis which accompanies polymerisation. 
We can assume that the replicative DNA polymerases also 
derive energetic contributions to helix unwinding from this 
source. 


Okazaki fragments need not 


all arise from de novo priming events 

In this section we discuss the current status of work on the 
nascent DNA chains known as Okazaki fragments. Referring 
to the replication fork shown in Fig. la, it is clear that the lag- 
ging strand must be synthesised discontinuously with de novo 
priming events. Electron microscopic evidence demonstrates 
that such priming events occur at least every few kilobases”. 
In principle, the leading strand can be synthesised continuously, 
with no de novo priming events (except possibly at the origin of 
replication). However, early work on Æ. coli and T4? showed 
that after a short pulse of *H-thymidine, all the labelled DNA 
is found as slowly sedimenting chains in alkaline sucrose 
gradients (10S, corresponding to 1,000-2,000 nucleotides). 
Thus, the data suggested that both strands are synthesised 
discontinuously. Experiments with DNAI igase7=74 and DNA 
polymerase J mutants’ reinforced this idea, since such mutants 
accumulate 10S fragments even after relatively long labelling 
periods, with little or no label found in large DNA. Demon- 
Strations that £. coli® and phage P27? accumulate more frag- 
ments on the lagging strand than on the leading strand have 
been reconciled with the above observations by noting that the 
fragments on the leading strand are joined more rapidly than 
those on the lagging strand?*-’*, 
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Fig. 3 A possible scheme for the excision-repair of uracil from 
DNA". The phosphodiester backbone of the DNA is repre- 
sented by ---P-dR-P-dR:--, N represents any of the 4 normal 
bases (A, G, C, T) and U represents uracil. The repair process 
takes place on double-stranded DNA, but the complementary 
chain has been omitted for simplicity. a, Uracil N-glycosidase®* 
removes uracil, leaving an intact phosphodiester backbone with 
a missing base. b, Apurinic endonuclease cleaves the DNA chain 
at the missing baset, Recent data indicate that an alternative 
pathway, in which endonuclease V* recognises uracil and 
cleaves the DNA chain directly, is less active. ce, DNA poly- 
merase I and its associated 5’->3’ exonuclease nick-translates®, 
removing the damaged region and filling in the gap. Finally, 
DNA ligase joins the nick** to complete the process. 


However, recent work reveals that not all DNA fragments 
labelled during a short pulse need arise from de novo priming 
events. In an E. coli mutant originally called sof (an acronym 
for small Okazaki fragments), pulse-labelling yields nascent 
DNA chains 5-10 times smaller than normal®, It has now been 
demonstrated that sof mutants are identical in genotype and 
phenotype to dut mutants, deficient in dUTPase*!. Such 
mutants have a higher than normal ratio of dUTP to TTP, and 
some dUTP is therefore incorporated into the DNA. The 
uracil is then rapidly excised by an excision-repair system 
which leaves temporary breaks in the DNA. Cells have a repair 
system to remove uracil residues from DNA, probably because 
of the frequent spontaneous deamination of cytosine in DNA 
to yield uracil, which is a potentially mutagenic event. A 
hypothetical scheme*? for the uracil excision-repair process is 
presented in Fig. 3. 

In view of the above results with dut mutants, the question 
arises whether some Okazaki fragments in wild-type (dut*) 
strains are due to uracil incorporation and subsequent excision, 
rather than to true discontinuous synthesis. Even with a very 
active d(UTPase there should be a finite level of dUTP available 
for polymerisation in the cell. In several in vitro DNA replica- 
tion systems, low concentrations of dUTP strongly affect the 
size of the fragments synthesised (ref. 87; I. R. Lehman, 
personal communication). Conceivably then, all of the frag- 
ments on the leading strand (and some on the lagging strand) 
could be due to uracil misincorporation and subsequent 
excision-repair. If this were so, one might expect only 50°4 of a 
*H-thymidine pulse-label to appear in Okazaki fragments in a 
uracil N-glycosidase mutant (see Fig. 3a). But pulse-labelling 
experiments have shown no difference between this mutant 
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(ung; ref. 88) and wild type (I. R. Lehman, personal com- 
munication; R. Sternglanz, unpublished results). Although 
results in the expected direction have been observed with the 
ung mutant in a cellophane disk in vitro system®’, the relevance 
of this result to the in vivo situation is unclear. 

It should also be pointed out that other repair processes may 
similarly act on the nascent DNA to give rise to Okazaki 
fragments*®. For example; -E.coli dam mutants (deficient in 
DNA adenine methylase) exhibit abnormally high recombina- 
tion frequencies® (as do the dut mutants**), presumably because 
of nicks and gaps in the DNA. Thus, the delayed methylation 
of nascent DNA could reduce its size. Because of such pos- 
sibilities, the important question of what fraction of Okazaki 
fragments arise from de novo priming events remains un- 
answered, as does. the question of whether the leading strand 
is synthesised: continuously or discontinuously. 


The priming mechanism for 

Okazaki fragments is complex 

As discussed above, at least some of the Okazaki fragments 
on the lagging strand. (and possibly on the leading strand) 
must be-due to de nove priming events catalysed by an enzyme 
other than DNA polymerase. There are several important 
questions about such. priming. Is the primer RNA and does it 
have a unique length and sequence? Are there unique start and 
stop signals for the primer on the template strand? Finally, 
what proteins are required for synthesis of the primer? 

Definitive work on the priming of Okazaki fragments comes 
from a study of polyoma DNA fragments synthesised in an 
in vitro nuclear system. These fragments have been shown to 
have a 10-nucleotide-long stretch of RNA at their 5’ ends, 
terminating in a 5’-triphosphate. The RNA is homogeneous 
in length but the sequence is not unique, not even at the RNA- 
DNA junction‘, Comparable results have been reported 
recently for human.lymphocyte DNA fragments synthesised 
in an in vitro replication system®*. However, it is still possible 
that an Okazaki fragment from a unique region (for example, 
isolated by hybridisation to a specific small polyoma DNA 
fragment) has a unique RNA primer sequence. 

It has proved more difficult to demonstrate the presence of an 
RNA primer on E. coli Okazaki fragments. The most direct 
evidence comes from studies on fragments synthesised in vitro 
in toluenised cells; in that case a RNA-DNA junction has been 
chemically demonstrated®*, However, the evidence for RNA on 
E. coli DNA fragments’ synthesised in vivo is much more 
indirect. The initial experiments involving. density shifts in 
Cs,SO, equilibrium gradients” are now known to have been 
unreliable’, The main evidence comes from experiments in 
which the nascent chains are treated with alkali, which hydro- 
lyses the presumed RNA primer leaving a DNA chain with a 
3’-OH terminus. The presence of the 5’-OH is then demon- 
strated by digestion of the DNA with spleen phosphodiesterase®® 
or by phosphorylation of the DNA chain with polynucleotide 
kinase*?*"_ However, it should be noted that the production of 
a 5’-OH terminus after alkali treatment of an Okazaki frag- 
ment does not prove the existence of RNA on the chain. For 
example, the presumed intermediate in the excision of uracil 
from DNA (Fig 34) might yield a 5’-OH terminus after alkali 
treatment, due to hydrolysis of the terminal deoxyribose 
from the chain via a 3’-4’ cyclic phosphate intermediate®®®. 
Direct demonstration of ribonucleotides on Okazaki fragments” 
is complicated by the difficulty in purifying the DNA free from 
traces of contaminating RNA chains. No one has been able 
to find on the 5’ ends of E. coli Okazaki fragments the tri- 
phosphates that are found on fragments from mammalian 

cells?92, 

As mentioned previously, E. coli DNA polymerase I mutants 
accumulate Okazaki fragments. They presumably do so because 
of a defect in a reaction termed nick-translation; in this reaction, 
DNA polymerase I can use its 5’ to 3’ exonuclease to remove the 
RNA. primer from the 5’ end of an Okazaki fragment, while 
simultaneously filling in the resulting gap with DNA®*®. Those 
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mutants with the most severe defects in nick translation are 
actually conditional-lethal’*. Thus, one would predict that at 
least some of these mutants would accumulate the RNA 
primer. This prediction has been borne out in two laboratories 
using the aforementioned criterion of a 5’-OH terminus on the 
DNA chain after alkali treatment (ref. 97 and D. Denhardt, 
personal communication). However, two other laboratories 


have been unable to detect an RNA primer using the same or 
and B. Olivera, personal com=" =- 


similar mutants (ref. 101; 
munication). : 
It is surprising that it has been so difficult to demonstrate 
directly the existence of RNA primers at the 5’ end of Okazaki 
fragments synthesised in vivo. Some workers remain sceptical 
about the in vivo existence of RNA priming for this reason. 


On the other hand, itis not unreasonable to postulate thatthe 9 


primer is normally very rapidly removed in vivo, being pre-: 
served only in in vitro replication systems where the primer 
removal mechanism has been altered. 


The enzymology of priming has been worked out in some ce 
detail for the in vitro replication of 3 different single-stranded —__ 


circular bacteriophage DNA molecules; their conversion: 
to the double-stranded form is carried out by the host E.coli 
replication proteins. Since these small DNA molecules do not 
have ends, DNA synthesis is absolutely dependent on- the 
synthesis of a primer. Historically, RNA: priming. was first 
discovered in one of these systems!’?. Even though the priming 
reactions are carried out on specialised single-stranded DNA: 
templates, they serve as possible models for the priming of 
Okazaki fragments at a replication fork. 


The protein requirements for priming depend on the parti oS 


cular single-stranded bacteriophage DNA template used. For: 
DNA from the filamentous bacteriophages, M13 and fd, the. 
E. coli RNA polymerase responsible for most cellular RNA > 
synthesis produces an RNA primer, initiating synthesis at a 
unique place on the single-stranded, circular DNA tem- 
plate!®2-103.101 For bacteriophage G4 DNA, the primer is 
produced instead by the £. coli dnaG protein, an enzyme which, 
surprisingly, can polymerise either ribo- or deoxyribonucleoside 
triphosphates in vitro with nearly equal efficiency. This 
primer also begins at or near a unique site on the G4 DNA. 
It has recently been reported that the dnaG protein requires 
ADP in addition to the nucleoside triphosphates (ribo- or » 
deoxy-) in order to form a primer on G4 DNA?*, For both 
M13 and G4 DNA, primer formation also requires enough Eco 
HD-protein I to completely cover the single-stranded 
DNA#63 106, 

Priming on bacteriophage @X-174 DNA is much more com 
plex. The dnaG protein synthesises the primer in this system 
as well, but at least 6 additional proteins are required: Eco 
HD-protein, dnaB and dnaC proteins, and additional DNA 
replication factors termed either X, Y and Z'** or į and n“. 
These proteins, in an ATP-dependent reaction, are thought to 


form sites on @X-174 DNA that can be recognised ‘by the wee 


dnaG protein, which in turn synthesises the primer at these 
sites?®?- 1108 X 

Since genetic evidence indicates that dnaB, dnaC, and dnaG 
proteins are all required for E. coli DNA replication, it seems 
likely that the mechanism of primer synthesis for E. coli 
Okazaki fragments is similar to that found for @X-174 DNA, 
In fact, the dnaG protein has been indirectly implicated in the 
initiation of E. coli Okazaki fragments!®*. Questions which 
remain to be answered for both X and E. coli primer formation _ 
include: (1) the exact role of the proteins whose action precedes 
the actual dnaG protein-mediated primer synthesis, and (2) the 
composition and sequence of the primer (RNA or mixed 
RNA-DNA copolymer). 

The analogous RNA priming reactions detected in the 
bacteriophage T4 and T7 replication systems are as yet less well 
characterised; for discussions see refs 17, 20, 22, 29 and 30. 


Prospects and conclusions 
In spite of the reservations expressed above, the basic outlines 
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of DNA replication fork enzymology are now clear. DNA 
replication is a complex process, in which the. asymmetric 
replication fork shown schematically in Fig. 1a moves along the 
parental DNA helix at rates of up to 1,000 nucleotides per 
second (in prokaryotes). In this process, multiple protein 
components, including DNA polymerases, helix-destabilising 
protein, DNA unwinding enzymes, DNA ligase, and RNA 
primer synthesising and erasing enzymes all have an important 
role. Several purified systems have been developed from 
prokaryotes which come close to reproducing this basic reaction 
in vitro. 

DNA synthesis on the lagging side of the fork is clearly 
discontinuous, and the present evidence suggests that synthesis 
on the leading side of the fork may often be discontinuous too. 
One possibility is that lagging and leading strand syntheses are 
coupled, perhaps by a protein-induced folding of the DNA 
at the fork into an unique tertiary structure. 

An unforeseen aspect of the replication process is the wide- 
spread use of ribonucleoside triphosphate hydrolysis energy. 
Presumably, each hydrolysis event drives an ordered allosteric 
change in protein conformation’. Some of these changes 
generate force to aid in parental DNA helix unwinding? 35:8, 
while others may exist only to facilitate protein-protein assembly 
reactions? and/or to enhance replication fidelity®'*?. 

In this connection, fidelity is a crucial aspect of the in vivo 
replication process which has not yet been adequately examined 
in any in vitro system. We have proposed above that the 
enormous replication fidelity which must be maintained in 
vivo (one error in 10° to 10! bases copied) has placed severe 
restraints on possible replication mechanisms. In fact, much 
of the apparent complexity of the process may arise for this 
reason. Yet, present in vitro systems are routinely assessed as 
“faithful” by criteria (infectivity or restriction mapping) which 
would probably detect errors only if they exceed one part in 
107! Thus, until a more sensitive assay for fidelity is used, 
these in vitro systems cannot be said to be truly “biological.” 
They may even be missing central protein components which 
have little or no effect on synthesis rates, but which have 
major effects on fidelity. 

In eukaryotes, replication forks must progress over bound 
nucleosomal histones, which may explain in part both the 
slower rate (100 nucleotides pers) and the smaller size of Okazaki 
fragments (a few hundred nucleotides) compared with pro- 
karyotes'". Replication over nucleosomes demands major 
conformational changes in the chromatin'!*, which probably 
cannot be achieved in vitro without eukaryotic replication 
proteins. If only for this reason, the enzymology of a eukaryotic 
replication system needs to be worked out in detail, and a 
purified multi-component in vitro replication system developed, 
analogous to those discussed above from prokaryotes. Also 
to be learned from such a system is the source of the high 
fidelity in eukaryotic replication, especially if the eukaryotic 
DNA polymerases turn out to lack the 3’ to S’ proofreading 
exonuclease of the prokaryotic enzymes! 41314, 
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‘Unmixing’ of the deep-sea record and 
the deglacial meltwater spike 
W. H. Berger, R. F. Johnson & J. S. Killingley 


Scripps Institution of Oceanography, University of California, San Diego, La Jolla, California 92093 





The Berger-Heath model of vertical mixing in deep-sea 
sediments provides a simple means of simulating an original 
input signal by ‘unmixing’ a signal found in deep-sea cores. 
When applied to an oxygen isotope record from the western 
equatorial Pacific, the possibility emerges that the entire 
ocean was covered by a low salinity water layer, during 
deglaciation. 





DELETERIOUS effects of burrowing organisms on the resolution of 
the deep-sea record have been recognised for some time, and 
several mathematical models have been proposed to deal with 
signal distortions introduced by benthic mixing'~*. The simplest 
one of these models? postulates a homogeneous layer at the 
sediment-water interface within which incoming particles are 
completely mixed with older sediment. In reality, of course, the 
intensity of mixing decreases with depth. In fact, mixing processes 
show a tiered structure, with intense mixing in an upper layer which 
is virtually homogeneous, and ‘lumpy’ mixing in a layer below. 
Sporadic displacement of sediment by large deeply burrowing 
organisms occurs to considerable depth. The upper two tiers of the 
entire mixed layer are of the order of 5 cm thick each, in the deep- 
sea carbonates studied, and the deep burrowing involves a layer at 
least 40 cm thick®’. 

In spite of this complicated structure of the mixed layer, simple 
mathematical models can yield excellent results in simulating 
actual mixing processes. In particular, it can be shown that the 
distribution of particles within many ash layers found in deep-sea 
cores can be reconciled with a history of sudden emplacement of a 
thin homogeneous layer and subsequent simple exponential 
mixing’ !°, 

It seems worthwhile, therefore, to try to run the mixing model 
backwards, in order to reconstruct a stratigraphic signal as it might 
have appeared had there been no benthic mixing to distort it. Here 
we derive a simple unmixing equation and apply it to an oxygen 
isotope record of deep-sea carbonates from the western equatorial 
Pacific, spanning the past 20,000 yr. 


Unmixing equation 

The pertinent differential equation is derived as follows: co is the 
concentration before mixing of some stable tracer, within the 
accumulating sediment; the concentration in the mixed layer is c. 
For discrete particles with any kind of label (such as forams and 


their isotopic composition) c = nv, where n is the particle con- 


centration and v is the average tracer value. 


When a thin layer of sediment, d/, accumulates, it brings with ite 


cod/ units of tracer per unit area. At the same time, the mixed layer 


moves up a distance d/ and so loses cd/ units of tracer. The 


concentration of the tracer in the mixed layer then changes by an 
amount, 


= (codi — edh/m 


dividing by d/, we get = (ca—c)/m: which means that the 


instantaneous gradient incorporated into the historical layer’ | 


reflects the difference in the incoming signal (at the top of m) and 
the outgoing one (at its bottom), averaged over m. 

Hence, to recover the original concentration to from the record, 
we write 


Co = e+e'm (1) 


This is the basic unmixing equation. In this model, the signal begins 
at the base of the mixed layer. When calculating sedimentation 
rates from a dated co excursion, this shift has to be taken into 
account, that is, the distance to the sediment surface has to be 
reduced by m, before dividing by the age. 

If sizeable changes occur in the proportion of signal-carrying 
particles, that is, in the proportion of the foraminifera whose 
isotopic composition is being studied, equation (1) has to be 
expanded. In the coarse sand fractions non-carbonate can be 
neglected, hence n, the particle concentration, iss x p, where sis the 
grain size fraction and p the proportion of the species within that 
fraction. 

The unmixing equation is applied first to n (that is, [s x p]) 


Ngo = R+RM 
and subsequently to n x r 
No Xto = nxr+jaxr xm 
and the solution sought is 


to = Ho X o/o 
= (axr +[n xi] x mynt nm) 
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Table 1 Locations of box cores, depths from which they were raised. average carbonate content. and depth of the preservation spike at 14.000 yr b.p. +? 








Core Latitude Longitude 
ERDC 92 Bx 2 13.85 156 
ERDC 8&8 Bx 0 02.98 155 

DC 112 Bx 1 37.8’S 159 
“RDC 120 Bx 0 O1.0'S 158 
ERDC 102 Bx 3 36.38 161 
ERDC 83 Bx 1 24N 157 
ERDC 79 Bx 2 47.1°N 156 I3.NE 
ERDC 123 Bx 0 OLIS 160 249E 
ERDC 125 Bx 0 00.2’'S 160 59.9E 





Depth CaO, Maximum 
im} C) preservation (cm) 
1598 K3.6 26.5 
1924 88.2 24.5 
2169 84.3 255 
2247 85.0 26.0 
2306 87.1 17.5 
2342 83.0 23,5 
2767 84.4 19.5 
2948 83.1 26.5 
3368 82.8 21.5 





Results from the first four and from the last four cores were pooled to derive the averaged signal in Fig. 1. Results from Core ERDC Bx 102 were rejected, 
Water depth is based on echo sounding. corrected for (assumed) regional differences in sound velocity. 


where vo is the tracer signal, in our case oxygen isotope com- 
position in % PDB. 

To test the efficacy of equation (1) (or its expansion) we can 
apply it to the ash data®:'°, where it will be seen that the saw-tooth- 
like frequency distributions of ash particles are readily converted 
to rectangular signal spikes, as expected. But. any noise in the 
record, that is, irregular excursions due to discrete burrowing, is 
immediately transformed into large erratic excursions. To avoid 
this it is necessary to collect several records of the same time 
interval, and to add them up in order to obtain a smooth average 
‘best’ record. 


Oxygen isotope record 

Because of the considerable interest attaching to the climate and 
ocean dynamics of the past 20.000 yr. we have endeavoured to 
produce such an averaged oxygen isotope record for this period. 
Our cores are box cores from the western equatorial Pacific (see 
Table 1). The nine cores shown are well above the lysocline and are 
virtually free from dissolution effects. which distort the isotope 
record''. The cores were sampled at closely spaced intervals. 


between 3 and 4 cm on the average. The isotopic composition of 


the planktonic foraminifer Pulleniatina obliquiloculata was de- 
termined by standard procedure, after establishing that the 


Pree 14.006 RODG kyr bop. 


v Ká v 


PDB) 


oy 
foo 


6'8 ( Pulleniatina 





Fig. 1 Stacked and reconstructed oxygen isotope signal from eight 
box cores taken above the lysocline, on Ontong: Java Plateau. Heavy 
lines: results of two separate stackings. of four records each. Centre 
line between two heavy lines: overall average signal. Shaded urea: 
approximate estimated shape of original signal, using unmixing 
equation co =¢+em. Outer bound (large amplitudes): 
mi = & cm. Inner bound (small amplitudes): n = 4cm. The age scale 
refers to the actual signal. not the reconstructed one. Fix points are 
12,000 yr b.p. for the meltwater anomaly. 14.000 yr b.p. for max- 
imum preservation, 18,000 yr b.p. for the glacial maximum. based on 
4C dating of core ERDC 921124, The @. represent an average 
isotope signal resulting from correlation by the preservation spike 
only (Table 1 last column) demonstrating the absence of bias in the 
combined isotope-preservation correlation procedure (see text). 


isotopic signal of this species is similar to that of Globigerinoides 
sacculifer, in well-preserved sediment. except for an offset of 
0.8%,'', This offset reflects the fact that P. obliguiloculata grows its 
shell at somewhat greater depths than G. sacculifer, on the average. 

Results of the determinations show a striking similarity of the 
oxygen isotope sequences in eight of the nine cores (see Fig. 1). Box 
core 102 does not follow the general pattern and is not considered 
further. Since all cores are from the same area, any idiosyncracies 
must be due to local disturbance. 

We next average the eight acceptable sequences into one. 
Sedimentation rates are likely to differ somewhat, and isochrons 
must first be found, for proper addition. The exact dates of such 
isochrons are immaterial for this exercise. 

We choose two such isochrons. besides the surface, for corre- 
lation. The first (13,000 yr b.p. according to '*C dating of Core 92 
(ref. 11). is a point halfway between the late (isotopically light) 
segment of the high gradient transition from glacial to postglacial. 
and the segment of maximum preservation of the fine sand fraction 
(the preservation spike near 14.000 yrb.p.'*). The second isochron 
(about 18,000 yr b.p.'!) is the point where the 6'*O values are 
presumed to be heaviest. The distance between the two isochrons 
in Core 92. which is '*C-dated'! and in Core 112. where a very 
heavy isotopic value was obtained near 35 cm. was taken asa guide 
for determining where approximately this 18.000 yr b.p. level!? 
should be in the cores. in addition to the actual isotope de- 
terminations in each core. 

The isochrons thus determined are shown in Table 2. A 
straightforward addition by core depth alone would yield a similar 
result: each core (except Bx 102) shows a small 6'*O minimum at 
the end of the steep transition segment. at almost identical depth, 
that is. near 20 cm. Our correlation procedure. therefore, besides 
being standard practice in deep-sea micropalaecontology, 
produces an acceptable match of the chores. 

On the basis of this agreement as to depths in core (and not just 
sequence). we next construct two average isotope signals as a 
function of average depth with the 6'°O minimum centred on 
20 cm (Fig. |. two heavy lines). The first average signal is based on 
cores 92, 88, 12. and 120. The second is based on cores 83. 79, 123, 
and 125. Thus. the two average curves are derived completely 
independently. Their near-congruency is remarkable. We take this 
close agreement as further support for our correlation procedure. 
The median line between the two generalised signals (Fig. 1, fine 
line between two heavy lines) is our best estimate of a true oxygen 
isotope signal as would be recorded in an ideal core. 

We consider this averaged signal to be more detailed and more 
reliable than any oxygen isotope record now available from deep- 
sea carbonates for this period. We realise also that this signal will 
have to experience some modifications as more data become 
available. 

The result of applying our unmixing equation to this record is 
shown in Fig. |. The reconstructed signal is represented by the 
shaded zone. The borders of the shaded zone show the possible 
amplitudes of the presumed original signal. for a mixed layer 
parameter m between 4 and 8cm. This range for m has been 
established as reasonable for deep-sea sediment in general® and 
also is indicated by unpublished results of closely spaced '*C 
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Box core Depth in core (cm) 
0 5 10 15 20 25 30 35 40 
L a ie sina į 4 $ E D z 





92 1,531.49 1,46 1.38 1.13 0.85 1,08 0.49 0.26 0.05 

BB 1.684,61 1.53 1.441,50 1,69 0.88 0.91 0.78 0.69 

n2 A? 1.29 1,07 0.78 0.94 1.00 0:69 0.36 012 +0:19 

i20 129 1.50 0.83 134 0,96 1.43 1.18 0.48 0.08 0.25 
loz a39 1645. 0.95 1.00 40.10" 0.50 0.54 058 

83 145 1,401,568. 1.26 9) 1.86 0.83 0.67 0.36 0.24 0.33 


79 LATL38 L32146L17 1.25 1.29 0.56 0.40 0.34 0.43 
123 LISIA? 4381.25 136 110 122 0.23 0.16 0.85? 





125 SBUBT 1.47 118 1.25 1.34 1.50 0.70 0.43 0.16 02 
‘13 kyr b.p “18 kyr b.p.’ 
Fig.2 Oxygen isotope composition of Pulleniatina obliquiloculata 


in nine box cores from Ontong Java Plateau above the lysocline 

(~ 3,500 m). Decimal points indicate position of sampling midpoint. 

All values in 6'°O",, PDB (negative, unless marked +). Suppled lines 

indicate. estimated positions of two isochrens ( ~ 13.000 yr b.p. 

between (estimated). maximum anomaly of product {e x o] and centre 

of maximum preservation; and.~ 18,000 yr b.p. at maximum value 
of 6'8Q). 


dating of Core 92, by T. H. Peng. The larger m produces the larger 
amplitude. as seen from equation (1). 

The resulting reconstructed signal, that is, the shaded field in 
Fig. 1, has some interesting features, the outstanding one being the 
pronounced 6'O minimum (near 12.000 yr b.p.). One might argue 
that the amplitude of this minimum is partly due to our method of 
correlation, in which the isotope signal itself had one-half weight 
for determination of the 13.000 yr b.p. isochron. This objection, 
raised by N. J. Shackleton, in private discussion, is entirely 
justified, We have. therefore, re-done the correlation using only the 
centre of the preservation spike as a guide. The resulting average 
isotope signal is shown in Fig. 1, as a string of heavy dots. It is 
obvious that the outcome of an unmixing exercise on this signal 
would be quite similar to the reconstructed signal given. 

In showing a pronounced 6'80 minimum near 12,000 yr b.p. 
and also in other details, our reconstruction resembles closely the 
raw oxygen isotope records found by Kennett and Shackleton’? 
and by Emiliani er al.'* in the Gulf of Mexico. Their signals are 
derived from cores with high sedimentation rates which are much 
less susceptible to distortion by benthic mixing than ours. Emiliani 
etal. date the prominent 6'SO minimum near 12.000 yr b.p., a date 
that agrees with ours and with the estimate by Kennett and 
Shackleton. Hence, we are reasonably confident that we are seeing 
a worldwide phenomenon, of which the Gulfof Mexico a nomaly is 
a special regional manifestation. (Note that the age scale in Fig. | 
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refers to the actual signal. not the reconstruction, so that the 
12,000-yr date shown coincides with the original 5'8O minimum.) 
A worldwide phenomenon 

What is this phenomenon? The Gulf of Mexico results have been 
interpreted as showing an influx of meltwater from the Laurentide 
Ice Sheets!*!5, This influx would strongly decrease the 6'%O values 
of the upper water layer, and hence of the shells of the foraminifera 
living within it. 

We propose that a similar effect may exist for the entire world 
ocean. Our interpretation supports the hypothesis of Worthing- 
ton'®, who postulated that the rapid influx of meltwater to the 
world ocean must have resulted in a low salinity upper water layer, 
forming a lid on the ocean. Below this lid, which prevented vertical 
mixing, CO; would have accumulated and this CO; enrichment 
would have led to increased dissolution of the shells of for- 
aminifera on the sea floor'®. 

The increase of dissolution postulated by Worthington has been 
found, and occurs exactly at the point predicted’?, On renewed 
mixing. any deep-trapped CO, should have been released to the 
atmosphere. A rapid warming might be expected at ‘this point. 
There is evidence that the warming. at the beginning of the 
Holocene, which led to the Hypsithermal was very rapid??? 5, In 
our scenario, this warming event is the one recent geological 
analogue of the present large-scale release of industrial CO, to the 
atmosphere. Its course and its effects on the biosphere should hold 
great interest for future investigation. 
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The current North American-Eurasian plate boundary on 
Iceland’s northern insular margin is defined. Overlapping 
rift zones and en echelon post-glacial volcanic eruptions 
oblique to the apparent transform direction of the Tjornes 
Fracture Zone suggest that the fault is in a transient 
deformational stage. 











ICELAND represents an anomalous segment of the Mid-Atlantic 
Ridge that remains unexplained by the simple elements of plate- 
tectonic theory. The abnormal build-up of the Iceland platform 
also coincides with the pronounced change of the ridge direc- 
tion. Although the history of rifting over Iceland is complex, 
the zones of neovolcanic and tectonic activity now appear 
fairly well defined™?. 


fs NAS 


This report focuses on the offset zone between the Kol- 
beinsey Ridge™** and the north-east neovolcanic zone (NENZ) 
(ref. 6) of northern Iceland’s insular shelf, commonly referred 
to as the Tjörnes Fracture Zone (TFZ) a right-lateral transform 
fault® -5*7 ~® (Fig. la). Not only is the existence of the transform 
fault questioned*"” but proponents*: 5:5:9 acknowledge that 
topographic expressions paralleling the transform direction 
fail to control the offset zone. 

We report here new evidence derived from a detailed field 
investigation involving bathymetry, magnetics, seismic reflec- 
tion and rock dredging on the insular margin. The survey was 
conducted during the University of Rhode Island’s R/V 
Trident cruises 139 and 140, in summer of 1973. The ship’s 
tracks shown in Fig. la were controlled by satellite navigation. 

Our results reveal that morphologically and tectonically the 
TFZ is dominated by three N-S striking lineaments, namely 
Kolbeinsey Ridge—Eyjafjardarall Trough Complex (KRETC), 
Kolbeinsey Ridge—Skjalfandadjup Trough Complex (KRSTC) 
and the Axarfjardardjup Trough. These features display 
remarkable continuity across the shelf and overlap each other 
towards the north-west. The three troughs are distinguished by 
faulting with post-glacial volcanic activity occurring within 
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Fig. 1 Insular margin, northern 
Iceland; a, locations of R/V Tri- 
dent’s TR-140 tracklines and TR- 
139 tracklines and dredge stations; 
b, magnetic anomalies. On index 
map KR, Kolbeinsey Ridge; RR, 
Reykjanes Ridge; TFZ, Tjörnes 
Fracture Zone. 


CONTOURS IN GAMMAS 
ISOBATH IN METERS 


EE TOPOGRAPHIC DEPRESSION 


both Eyjafjardaráll and Skálfandadjúp rifting zones but not 
along their entire lengths (Fig. 2). In contrast the zones of recent 
volcanic activity are arranged in a NNW-SSE en echelon 
fashion from the Kolbeinsey Ridge towards the axis of the 
NENZ (Fig. 2) and thus do not imbricate significantly as the 
rift zones do. 


Kolbeinsey Ridge—Eyafjardarall 

Trough Complex 

The KRETC is governed by N-S dip-slip faulting. On the north 
the ridge is symmetrical, remarkably regular, and broken only 
by the small persistent rift valley that is offset westward from 
the crestal axis (Fig. 3, profile O). A strong positive magnetic 
anomaly is aligned along the valley trend, flanked on the west 
by a weaker but equally well-defined negative anomaly (Fig. 
1b). Small eruptive fissures typify the graben’s floor which is 
shown by dredging to consist of fresh pillow basalts (Fig. 2, 
Table 1, station 6 and 7), Onlapping sediments thicken away 
from the axis as expected for normal spreading ridges. South- 
wards the character of the ridge is altered significantly: the 
elevation decreases as the width increases even though the 
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Table 1 TR 139 rock dredging across Tjörnes Fracture Zone 





Latitudeand Depth 


Station Longitude (m) Feature 
1D 66°30.5 N 65-80 Flat-topped seamount; 
17°20.5°W NW Tjornesgrunn 
2D 66°25.5N 16-25 Mánáreyjar ridge crest; 
17°L0°W Lagey 
3D 66°48.5°N, 180-205. Kolbeinsey Ridge— 
18°09" W Skjalfandad up Trough 
Complex: Holl Seamount 
6D —67°00.5’N. 270-310 Kolbeinsey Ridge— 
18°42:5'W Eyjafjardarall Trough 
Complex—eruptive fissure 
on graben floor 
7D 66°54.5°N 400-410 Kolbeinsey Ridge— 
1846.5 W Eyjafjardaráll Trough 
Complex—eruptive fissure 
on graben floor 
8D 66°44.5°N 340-350 Kolbeinsey Ridge— 
{8°00.5’W Skjalfandadjap Trough 
Complex—small graben 
9D 66°38.5°N 180-210 Kolbeinsey Ridge— 
17°47 W Skjalfandadjup Trough 
Complex—isolated 
seamount within graben 
complex——with sediment 
disturbance 
10D 67°02.5'N 65-80 Kolbeinsey Ridge— 
18°28.5'W Skjálfandadjúp Trough 
Complex. Large flat- 
topped volcano with 
two distinct terraces 
at 55 m and 90 m 
HD 67°01.5'N 90-100 Same feature as 10D 
18°26 W 
12D 67°02.5'N 90-100 Same feature as 10D 
18°22’W (90 m terrace) 





Recovery 


Fresh glassy pillow basalt 
fragments 


Poorly sorted palagonitized 
tuff fragments 


Rounded and jointed cobbles; 
oxidised scoriaceous vesicular 
basalt 


Fresh glassy pillow basalt 


Fresh glassy pillow basalt 
with brown crust 


Tuff fragments, 3 small 
pebbles of massive basalt, 
indurated balls of mud with 
glass shards (one surrounded 
with a small film of lava) 


Large vesicular basalt, 
slightly glassy—small fresh 
highly vesicular pillows with 
palagonite crust; rounded 
cobbles—small fist-size 
grabbo nodules 


0.3 m rounded vesicular 
basalt 


Rounded vesicular basalt; 
banded tuff, near vent, 
few erratics 


Cobbles and pebbles of 
vesicular basalt; 1 lime- 
stone fragment 


Inference 


Post glacial submarine 
eruption (possibly 1868) 


Not far from source vent 


Subaerial or very shallow 
depth submaririe eruption, 
near vent, wave erosion 
and subsidence—post glacial 
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Typical submarine ridge eruption- 


post-glacial 


Typical submarine ridge eruption 


post-glacial 


Subaerial voleanic material 
with some recent submarine 
volcanic. activity i 


Post glacial subaerial or `. 
shallow submarine eruption— 
inconclusive 


Post glacial subaerial eruption— 


wave erosion 


Post glacial or inter-glacial 
subaerial eruption, near vent, 
wave erosion, subsidence 


Post glacial or inter-glacial 
subaerial, volcanic island; 
surf zone type deposit 











acoustic basement configuration and sediment accumulations 
remain symmetrical about the ridge axis (Fig. 3, profile B). The 
subsiding effect serves to promote fracturing. The south-eastern 
ridge extension, marked by peaks and small grabens maintains 
its ridge profile but. the southern ridge branch gradually changes 
to a linear depression. In the Eyjafjardarall Trough at 66°40'N, 
the coincidence of intersecting faulting, the limit of axial 
magnetic stripes and sediment deposits? coupled with the site 
of the closed: 40.mgal free-air gravity anomaly contour! 
define a structural-volcanic discontinuity (Fig. 2). Southwards 
the trough is bordered and apparently controlled by N-S 
dip-slip faults which at the trough’s shoreward end bend 
toward the SE to join the WNW Húsavik fault trend®. Sediments 
more than 0.3 s thick fill the trough and no evidence of volcanic 
activity is observed. Thus the 66°40’N  structural-volcanic 
discontinuity clearly represents the southernmost extent of 
spreading and rifting in the TFZ which is in direct continuity 
with the present Kolbeinsey Ridge spreading axis. 


Kolbeinsey Ridge-Skjalfandadjap 

Trough Complex 

The SE curving KRSTC shows numerous dip-slip faults that 
follow the trend (Fig. 2). The south-eastern ridge extension 
contains a series of discontinuous volcanic peaks, including 
Holl, and small grabens along the trend that disappear at 
66°49°N. Only the south-eastern end of a negative anomaly 


band is evident due to its disruption by a strong positive ` a 
anomaly west of Holl (Fig. 1b). Onlapping sediment deposits 
typify the extension’s eastern flank (Fig. 3, profile C). Theo — 


adjoining Skjalfandadjup’s borders.are controlled by normal 
faulting except over its southernmost reach where downwarping ` 


seems to govern its western flank (Fig. 2), A distinct NW-SE 
trending positive anomaly can be traced from: Holl to Tjörness 


grunn (Fig. 16). The north-western half of this anomaly overlies” 


the trough’s floor. East and south of Grímsey. the trough turns . 2 
to the south but the positive anomaly maintains its SE strike, 


cutting across the trough’s eastern wall and intersecting ‘the 


western flank of Tjdérnesgrunn at a high angle. The most: a 


intense faulting occurs north, east and south-east of Grimsey 
(Fig. 2). The direction and style of faulting fail to. support the 
presence of a major WNW right-lateral strike-slip fault in 
this area previously inferred'!*, We also feel that the distribution 
and precision of earthquake epicentre locations are insufficient 
to resolve the two interpretations (Fig. 2). Furthermore the 
trough’s northern section contains numerous submarine erup- 
tive features where little or no sediment is accumulating (Fig. 2, 
Table 1, stations 8 and 9). It is clearly evident that volcanic 
activity in the Skjalfandadjup rifting zone is restricted to the 
segment north and north-east of Grimsey. Both subaerial and _ 
fresh submarine volcanic products, apparently post-glaci 
are present. Rocks from Holl Peak and southwards are do 
ated by vesicular and scoriaceous basalts rounded bys 
action suggesting subsidence of the ridge extensi 
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plain 
~=)Basalt flows 
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Basalt flows 
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Table 1, stations 3, 10, 11 and 12). South of 66°31’N no recent 
volcanic activity is observed as sediment covers the trough’s 
floor reaching a thickness of 0.13 s towards the coast. 


Axarfjardardjup Trough 

This trough is a downwarp modified by faulting, rifting and 
volcanism (Fig. 2). The predominant direction of the dip-slip 
faults is parallel to the trough’s long axis. Normal faulting is 
associated with the eastern flank of the apparently older 
Manareyjar volcanic chain and can be traced southwards to the 
Tjörnes Peninsula’s eastern border scarp'*. The trough’s 
magnetics show a series of narrow, elongated anomalies which 
differ markedly from the Kolbeinsey Ridge anomaly bands 
(Fig. 1b). Notably the western edge of this anomaly series 
strikes NNW-SSE and diagonally crosses the Tjérnesgrunn 
trend’. Recent undeformed sediments up to 0.1 s thick, partially 
or completely cover the trough’s floor (Fig. 3, profiles H and J). 
Although no morphological indications of volcanism are 
manifest and no search for evidence of recent volcanic activity 
was possible due to time limitations, pre-depositional rifting is 
distinctly revealed at the trough’s southern end alongside 
Tjörnes Peninsula (Fig. 2 and Fig. 3, profile J). Moreover, since 
our survey’s completion, significant recent rifting’? is reported 
in the same part of the trough covered by our seismic reflection 
lines but lies immediately eastward of the pre-depositional rift 
zone. Hence recent rifting occurs in the offshore NENZ* 
and is not found on the Manareyjar chain as indicated pre- 
viously*. 


Subdued shelf ridges 

The three tectonic trends discussed above are separated by 
Sléttugrunn, Tjérnesgrunn and Grimseygrunn (Fig. la). 
On the east Sléttagrunn is the northward lobate projection of 
Slétta Peninsula (Fig. la). It is characterised by the same mag- 
netic anomalous pattern observed in the Axarfjardardjup 
Trough (Fig. 15). Alignment of these anomalies with fissure 
swarms on land as well as their general N-S strike and high 
magnetic intensity suggest an offshore continuation of the 
NENZ (ref. 6). Some volcanism is revealed by the presence 
of a single cone and apparent flows, indicated by the lack of 
sub-bottom penetration, that cover the surface immediately 
seaward of the Slétta Peninsula but no seismicity is reported* 
(Fig. 2). Thus volcanically and tectonically most of Sléttugrunn 
may represent a presently dormant zone. 


T\Srnesgrunn is a tapering N-S submarine extension of the 
Mtge Peninsula that includes the Mánáreyjar volcanic 
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Fig. 2 Summary geol map- 
Earthquake epicentre locations 
(refs 13, 21); 1964-73 epicentres 
from Preliminary Determination of 
Epicenters Monthly Listing pub- 
lished by US Coast and Geodetic 
Survey and successor organisations 
through 1972 and jointly by 
NOAA/USGS thereafter. 


chain (Fig. la). Its eastern flank, partly fault controlled, is 
steeper and more irregular than its western flank. The western 
edge of the magnetic anomaly series that distinguishes Axarf- 
jardardjup and Sléttugrunn, passes beneath the ridge’s outer 
reach (Fig. 1b). No evidence of recent submarine volcanic 
activity is encountered along the N-S Manareyjar ridge crest, 
which is probably formed of relatively older subaerial volcanics. 
Only palagonitized tuff and interbedded vesicular basalt 
pebbles are dredged from the crest at the ridge north of Lagey 
(Fig. la and Table 1, station 2). The material is similar to that 
found on Haey, or overlapping the grey basalt flow of 
Lagey islets. Near the NW end of Tjérnesgrunn, however, 
(Fig. la, Table 1, station 1) very fresh glassy vesicular pillow 
basalts is recovered from a flat-topped seamount. The seamount 
definitely represents a recent submarine eruption at very 
shallow depth, perhaps representing the 1868 volcanic activity 
reported in Icelandic history. This volcanism, lying along the 
NENZ’s western border may suggest another small rift segment 
linking the general NNW en echelon pattern of rifting and latest 
volcanic activity that occurs in the Skjalfandadjup. 
Grimseyjargrunn is a tabular block that shows no internal 
acoustic reflectors (Fig. la and Fig. 3, profiles F, G, H and J). 
The block is negatively magnetised crust except for its northern 
and southern edges which display weak positive anomalies 
(Fig. 15). The ridge’s northern and eastern walls descend 
steeply into Skjalfandadjup while its western flank with on- 
lapping sediments slopes gently westwards into Eyjafjardarall. 
The westward dip is the same as that reported for Tertiary 
flood basalts of the adjacent coastal area. Grímsey Island, 
laying atop of Grimseyjargrunn, also consists of SW dipping 
plateau basalts with a suggested age younger than mid-Gauss’. 


Húsavík faults 

The Húsavík faults’ are extended west-north-westward across 
Skjalfandadjup’s southernmost reach (Fig. 2). Between H usavik 
and Eyjafjardarall, the axis of a gravity low" lies immediately 
north of the apparent trace of the offshore fault zone. At the 
southern end of Eyjafjardarall, the centre of the gravity low is 
elongated WNW-ESE and the trough’s faults bend towards the 
south-east. These deviations from the N-S trend may reflect 
strike-slip dislocations along the seaward extent of the Húsavík 
faults between 4-1 Myr age”. Thus the Húsavik fault zone is 
unrelated to present rifting of the Mid-Atlantic Ridge as 
activity along these faults is believed to have diminished about 
| Myr ago’. 
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Fig. 3 Line drawings of selected 
seismic reflection profiles. For loca- 
tions see Fig. la. f, Fault. 
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Discussion 

From these preliminary results, we infer that no transverse 
tectonic features common to transform faults!®6 are recognised 
over the TFZ with the exception of the Húsavík faults which are 
believed to be presently inactive and unrelated to the plate 
boundary. Instead the TFZ is characterised by three distinct 
and overlapping tectonically active zones associated with the 
KRETC, KRSTC, and Axarfjardardjip Trough (NENZ). 
Seismicity shows no simple and direct relationship with these 
active zones except for the post 1973 earthquakes at Axarf- 
jardjup’s southern end?? (Fig. 2). Recent volcanic activity 
along eruptive fissures between the Kolbeinsey Ridge and 
NENZ occurs in NNW-SSE en echelon manner (Fig. 2) and 
defines the most recent plate boundary between Eurasia and 
Greenland. Practically no overlap of volcanic activity is found 
except perhaps immediately south of 67°N where Eyjarf- 
jardarall and Skjalfandadjup connect with the Kolbeinsey 
Ridge. The en echelon arrangement of recent eruptive fissures 
is further corroborated by magnetic anomaly lineaments 
and to some extent by the distribution of recent earthquake 
epicentres in Axarfjardardjup Trough?®. 

The surface structural character of the TFZ revealed in our 
survey may be compared profitably with the transform tectonic 
expressions produced. by a simple experimental clay model 
for the transient stage of discontinuous deformation’. During 
this stage the azimuth of fault traces develops oblique to the 
offset direction. Clear similarities are found but discrepancies 
are also evident. Analogies include: (a) the assumed displace- 
ment direction being roughly 65° with respect to the normal 
faults of the Kolbeinsey Ridge and Axarfjardardjuip Trough 
(NENZ); (b) en echelon dip-slip faults and eruptive fissures in 
Skjalfandadjup striking 30°-40° relative to the presumed dis- 
placement trend; (c) intersecting rift zone and oblique fault 
systems forming crude diamond-shaped blocks in the Kobeinsey 
Ridge-Eyjafardarall Trough transition. Significant dissimi- 
larities are that en echelon oblique faults are not distributed 
uniformly across the assumed displacement zone, major 
strike-slip movement is not documented along these faults 
although near Grimsey strike-slip motion has been determined 
recently from a fault plane solution’? and no intersecting fault 


leew t 






pattern is found where the inferred activity meets the NENZ. 
Despite these discrepancies we believe that the arrangement, of 
volcano-tectonic features within the TFZ is best explained by 
discontinuous transformation as expressed by the clay model”. 
Perhaps the transient stage is somewhat mature judging from 
the 30°-40° angle that faulting and eruptive fissures form with ; 
the presumed displacement of the transform fault. : 

These types of transient or leaky transform faults are also : 
noted south of Iceland, the Afar, and south of the Azores 
Platform at 37°N (refs 17, 18). The three areas occur at the 
loci of proposed mantle plumes and major directional changes 


of the mid-ocean ridge. Independently, Burke et al” suggest. | 
that mid-ocean ridges located near mantle plumes will tend to: 


jump back over the plume during a transient stage thus generat- 
ing multiple spreading ridge axes and consequent fracture 
zones, overlapping to some extent in space and time. Recent 
detailed spatial and temporal analyses of active rift zones 
throughout Iceland? seem to indicate such rift jumping. Our 


proposed transient stage of discontinuous deformation for the. _ 
TFZ, therefore, seems to be consistent with such a: mode = | 


Further Walker’s? conjectured en echelon active rift zone 


configuration for the TFZ, based on meagre data, is essen- 


tially confirmed. 


Finally, tensional fissures removed from the major plate H 


boundary are clearly documented in the clay model experiment 
for the transient stage of discontinuous deformation”. There- 
fore we suggest that the active eruptive centres along Slétta’s 
western coast (Fig. 2) which remain unexplained? as well as the 
recent linear submarine volcanic zone of the KRETC are 
identical! features. As such these kinds of eruptive fissures 
may have a similar origin to that proposed for the Vestmann 
Islands”. In these cases the fissures are considered to lie along 
prolongation of normal faults that extend into the plate for 
limited distances on diagonally opposite sides of the offset. 

We acknowledge support (NSF Grant DES 72-01705) and 
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mitting the field work to be undertaken. 
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Amino-terminal fragments of Escherichia coli 


lac repressor bind to DNA 


Thomas M. Jovin, Norbert Geisler & Klaus Weber 


Max-Planck Institut für Biophysikalische Chemie D-34 Gottingen, FRG 


The N-terminal fragments (residues l-51 and 1-59 j obtained 
by selective tryptic cleavage of native lac repressor retain the 
ability to bind DNA. These fragments (headpieces) are 
monomeric and form complexes 
tetrameric repressor with non-operator DNA. But, they do 
not show the high specificity of repressor for operator 
sequences. The DNA binding has been demonstrated by filter- 
binding assay as well as in solution using absorption, circular 
dichroism, and fluor escence measurements. 





There is overwhelming wenelie and biochemical evidence to 
indicate that the integrity of the amino-terminal segments of the 
Escherichia coli lac repressor subunits is a necessary requirement 
for the weak binding to non-operator DNA as well as the highly 
specific and strong binding to operator DNA! ° (for reviews and 
discussion, see refs 7-9), Geisler and Weber!° have reported the 
selective cleavage by trypsin of the N-terminal region of repressor 
at Arg,, and Lys,, so as to liberate approximately equal amounts 
of ‘short’ and ‘long’ headpiece peptides (designated here as SH and 
LH) comprising residues 1-51 and 1-59. The tetrameric core no 
longer binds DNA (ref. 3) but the headpiece preparations retain 
affinity for phosphocellulose and DNA~cellulose. a criterion for 
nonspecific DNA binding?” 

The aim of this study was the initial characterisation of the 
DNA-binding properties of the two headpiece fragments and their 
correlation with known features of native repressor. The pre- 
sumption that the characteristics of headpiece are related to those 
of the parent repressor and are thus biologically relevant is based 
on the following considerations: (1) isolated headpiece possesses 
secondary structure revealed by circular dichroism'!®. (2), The 
pattern of susceptibility to trypsin digestion is the same for isolated 
headpiece and the corresponding region in native repressor. Thus. 
in | M Tris-HC1. pH 7.5. 30° glycerol, repressor is cleaved so as to 
generate headpiece but the latter is not susceptible to further 
digestion!®, We have established that the isolated headpiece is also 
resistant to trypsin in the same conditions (data not shown). In 
0.05 M Tris buffer, however, both isolated headpiece and the 
corresponding region in intact repressor rapidly undergo further 
proteolysis to peptides (data not shown). (3), The capacity of 
repressor to bind DNA nonspecifically is transferred to f- 
galactosidase in chimaeric molecules produced by certain gene 
fusions between the j- and z-genes of the fac operon®. These 
molecules carry about 59-80 residues of the N terminus of 
repressor. Further evidence for the close relationship between the 
properties of the isolated headpiece and those of native repressor 
was obtained in the present study. 

In interpreting these findings, one should note the close 
correlation between the operator-specific and the nonspecific 
modes of binding of lac repressor to DNA and the important role 
ascribed to the sequence-independent interactions in the re- 
gulation of repression® °1! 








which resemble those of 





Determination of DNA binding by filter assay 


The two headpieces LH and SH can be separated on 
DNA-cellulose columns (Fig. 1a). SH elutes before LH, as might 
be expected due to its smaller size and charge. Both fragments are 
active in binding assays based on the retention of protein-DNA 
complexes on nitrocellulose filters (Fig. 1). The markedly sig- 
moidal binding isotherms denote the existence of real (or ap- 
parent) co-operativity, a feature not seen with native repressor. 
While the binding of DNA is quantitative at high concentration of 
either headpiece. the points for 50°, retention and the correspond- 
ing slopes differ markedly (0.8 4M and 3 uM for LH and SH. 
respectively). The mixed headpiece preparation shows an in- 
termediate behaviour consistent with the superposition of LH and 
SH properties. the former being dominant. 

Additional features revealed by the filter assay are given in Table 
1. In standard conditions, various natural and synthetic DNA‘’s 
are bound in a similar fashion. Thus, headpiece does not de- 
monstrate a sequence-specific (operator) interaction with DNA, in 
contrast to the parent repressor. Denaturation of the DNA slightly 
potentiates binding by headpiece while fragmentation by soni- 
cation diminishes it only to a limited degree (note also the large 
difference in chain lengths between the phage DNA and poly 
d(A-s*T) used in Table 1). Salt manipulations lead to complex and 
somewhat DNA-dependent effects. Eliminating Mg? +. or raising 
the KCI concentration increases binding at low headpiece con- 
centrations but reduces the maximal extent of retention, especially 
in the case of phage DNA. One is undoubtedly perturbing the 
thermodynamic!? and kinetic’ parameters governing the for- 
mation of the binary complex and/or its interactions with the filter. 
Finally, the kinetics of association and dissociation are relatively 
rapid. With poly d(A-s*T) and headpiece at 50 nM and 2.5 uM. 
respectively, a filterable complex is formed within 10s (a value 
which only sets a lower limit for Aon of about 104M! s t). 
Similarly, challenging a oa nue complex with an 100-fold 
excess of non-radioactive poly d(A~s*T) leads to dissociation 
within seconds. Taken together, these data establish that the 
headpiece of /ac repressor possesses the inherent property to bind 
DNA and that the observed phenomena are not due to con- 
tamination with residual functional repressor. 


Spectroscopic measurements using poly d(A—s*T) 


Four of the eight tyrosine residues in each repressor subunit are 
located in the N-terminal region (residues 7, 12, 17 and 47) (ref. 16). 
Genetic analysis of repressor mutants has shown that Tyr,, ts 
essential for specific operator binding)*. The spectral properties of 
the tyrosines are particularly suitable for study since no other 
chromophoric amino acid side chains are present in the headpiece. 
Figure 2Afa) shows the absorption spectrum of LH which 
corresponds closely to that of unionised unperturbed (exposed) 
tyrosine. Thus, the buried and ionised (or hydrogen-bonded) 
tyrosine residues observed in intact repressor by F nuclear 
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Fig. t Purification:sand DNA-binding properties of fae repressor 
headpieces. a, Separation of LH (long headpiece: residues 1-59) and 
SH (short headpiece: residues 1-51) on a DNA~cellulose column. 

‘yptic digests of repressor were prepared and purified by chromat- 
ography on Sephadex G-150 and G-25 according to Geisler and 
Weber"®. The headpiece mixture was applied to a native calf thymus 
DNA-~cellulose column’? equilibrated with 50 mM Tris-HCI. pH 7.8 
(4°C), [mM EDTA, 5%, glycerol and eluted with a 300 ml linear 
gradient of buffer containing 0-0.1S M KCI. Peaks I and H were 
identified as SH and LH, respectively. by amino acid analysis and C- 
terminal determination with carboxypeptidase B. The molecular 
weights of SH and LH are 5,615 and 6,395, respectively, from the 
amino acid composition, b, DNA binding by the two headpiece 
preparations and their unfractionated mixture. Slight modifications 
of the standard assay’ * for the operator binding activity of repressor 
were used to. increase retention and. reproducibility: the 25-mm 
Millipore HAWP (0.8-um pore size) filters are supported on a glass 
holder. the outlet of which is filled with liquid and attached to a 
peristaltic pump. The binding buffer (BB) (0.6 ml) contained 10 mM 
KCl. 10 mM Tris-HCI. pH 7.4. 3 mM magnesium acetate, 0.1 mM 
EDTA. 5%, dimethyl sulphoxide (DMSO), 0.1 mM dithiothreitol 
(DTT). and $0 pg ml”! BSA. *?P-labelled 4 phage DNA (see Table 1) 
was present at a nucleotide concentration of 0.9 pM (specific activity 
1300¢.p.m. nmol! inthe case of LH and SH. 40,000 c.p.m. nmol 
inthe case of the mixture) After addition of protein and incubation at 
about 25 Cfor 30min. 0.58 ml was filtered together with 0.5 pre-and 
post-washes of FB (filtering buffer, same as BB but lacking BSA and 
DTT) at a constant rate of. ml min” !. The air-dried filters were 
counted in a scintillation counter. The background level of DNA 
binding to the filter was 2-3% rand the 100%, retention points 
{indicated on thé ordinates} were calculated from aliquots of the 
DNA stock solution applied directly to the filters. Long headpiece LH 
(©). short headpiece SH (@), and an approximately equimolar 
{ mixture (A). 





magnetic resonance (NMR) spectroscopy!° are most likely in the 
core. of the molecule. The accessibility of the amino-terminal 
tyrosines of native repressor (residues 7, 12, and 17) has also been 
established in iodination studies?°. 

The synthetic polynucleotide poly d(A~s*T) was selected for 
further physical measurements because of its unique spectral 


~oproperties'®. The thioketo substitution in the position 4 of 


“thymidine produces a strong absorption band in the near ultra- 
-Miolet (Fig. 24/b)), well isolated from the protein spectrum, and it 
also makes possible the efficient photoaffinity labelling of 
‘protein-nucleic¢ acid complexes?!. Poly d(A~s*T) forms a helical 
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structure with Watson-Crick base pairing and features in- 
termediate between the C and D conformations. The pitch height 
and axial rise are about 10% greater than in the case of poly i. 
d(A-s*T) (W. Saenger, personal communication). Poly d(A~s*T) © 
has been used in studies of /ac repressor analogous to those 
described here for the headpiece (T.M.J.. in preparation). 

The binding of headpiece (LH) to poly d(A-s*T) results in’. 
altered absorption spectra (Fig. 2B). Hypochromic changes are, > 
seen in the s*T (360 nm) and, possibly, the dA (260 nm) regions. 
These cannot be attributed to a disruption of the DNA helix since 
the latter process leads to a hyperchromic blue shift. The-sign 
(positive) and positions of the peaks in the difference spectrum 
below 300 nm are strongly suggestive of perturbations in the — 
tyrosine spectra, such as from ionisation (or hydrogen-bonding) of 
the phenolic OH?? or transfer from an aqueous environment to 
one of higher refractive index?? (for example, through stacking | 
interactions). If we attribute the change at 286 nm exclusively to. 
tyrosine ionisation and assume that 50°% of the headpiece is bound: 
(from data in Fig. 4), then the observed.magnitude would be 
compatible with the complete ionisation of two of the four” 
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Fig.2 Absorption and difference absorption spectra of repressor 
headpiece LH and poly d(A~s*T). 4. Absorption spectra of a, 12 uM 
LH and b. 5} uM poly d(A-s*T) at 20 °C in BB buffer lacking BSA 
and DMSO. The instrument was a Cary 16. The LH spectrum is 10- 
fold expanded for clarity. The extinction coefficients for headpiece, 
based on amine acid analysis, are 4.800 M~? em~’ and §,000 M`! 
em”! at 280and276nm. (44.4 = 7.6), in agreement with correspond- 
ing values for tyrosine. The maxima of the DNA are at 347 and 
263 nm and of the protein at 276 nm (minimum at 245 nm), B, 
Difference spectrum between the mixed and unmixed DNA and 
protein solutions, Tandem cuvettes with 0.438-cm path length in each 
compartment were used in both sample and reference beams. The 
solutions shown in (4) were used. The difference spectrum was 
obtained after mixing the sample cuvette. The maxima are at 230 and 
286 nm and the minima at 266. 330. and 361 nm. The latter peak: 
corresponds to a 2°, decrease in absorbance. The peak at 286 nm 
represents a 37°,, or a 4%, increase if referred to the protein or DNA 
contributions alone. respectively. Isosbestic points are at 255,273... 
and 307 nm. The difference spectrum in this and other experiments 
was virtually abolished by addition of 0.2-0.4 M KCI. The difference 
spectrum with the same concentration of SH was similar but 3 a 
lower in magnitude. : 
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Table 1 DNA binding properties of lac repressor headpiece by filter assay 








Expt Concentration 2, DNA retained 
no. DNA {am} Additions (mM}* Headpiecef concentration (ig mi7 +) 
l 2 3 5 6.7 10 15 20 
1 2 plac l 0.2 0.3 1.4 10 48 94 96 
10 0.3 1.0 1.3 6 25 44 83 95 96 
2 Ż 0.2 0.7 22 TI 83 
3 Poly d(A-T) 0.5 <i 60 91 96 
4 Poly d(A~s*T) 0.01 <i <l 40 72 77 
0.05 <i 1.2 32 73 76 
5 (heat denatured) i 0.4 34t 44 71 89 75 
6 4 plac intact 0.9 GAGAS 
sonicated 4412) 
7 2 plac I KCI MagiAc), 
— - <ł 53 93 
— Removed 10 70 95 
50 - 1 4 61 
100 - 1 2 4 
200 3 | 6 
Poly d(A~s*T) 0.05 ~ 1 57 80 
~ Removed 5 43 80 
50 ~ 6 28 73 
100 9 it St 
200 lI H 1] 
Headpiece derived from BG2 i” * mutant repressor 
5 A 0.2 2.8 7 10 17 26 38 





Assay conditions were asin Fig. | except that half volumes were sometimes used. The binding at pH 8.6 was 20°, lower at Saturation than at pH 7.4and 8.0. 
Labelled DNA’s were obtained by induction and purification of phage DNA'* or synthesised by £. coli DNA polymerase | and extracted with sodium 
dodecyl sulphate and chloroform~isoamyl alcohol. The specific activities in c.p.m. nmol” ' and background levels in the filter retention assay in, are given 
in parentheses: 3?P--/ plac: [lac, pro], (ACI y528;placSi- o*z*y a”), strain BMH 782 (10°-10%, 1-5); 3?P~A: W8 (AC14528;) (104, 1.5); poly d(A-*H-T) 
H-T) (5000,4), poly d(@?P-A~s*T) (10°-10*, 3-6). The phage DNA’s with or without the /ac operator have chain lengths of 48,000 compared to 100-200 
base pairs for poly d(A~s*T). Saturating concentrations of headpiece bound at least 6 nmol of phage DNA and up to 2 nmol of poly d(A~s*T). 
Denaturation in expt 5 was for 2 min at 100 °C. Sonication in expt 6 was for 10 min and led toan approximately 80% reduction in the native molecular weight. 

*The additions were made only to BB except in expt 7 in which they were added to FB as well. 

+The headpiece preparation was a mixture of SH and LH. There is an uncertainty of about 10°, in the concentrations given for different experiments. 


£The corresponding value for native DNA was 1.3%. 


§The numbers in parentheses correspond to parallel experiments with 0.17 nM native /ac repressor. 


constitutive mutant with Val, replaced by isoleucine’. The tetrameric repressor does not bind to operator and shows a reduced affinity for 


phosphocellulose from which it is inferred that nonspecific DNA binding is impaired as well’. The headpiece isolated from another į% “ mutant repressor 
AP309 (Ser, a Pro) binds normally to phosphocellulose’ ® and functions like the wild-type molecule in our filter retention assay. 


tyrosines in the headpiece on binding to poly d(A~s*T). The 
isosbestic points are similar to those reported in model oligopep- 
tide studies** in which various physical methods have provided 
evidence for both kinds of interactions between tyrosine side 
groups and DNA (ref. 24 and references therein). The difference 
spectra are abolished by added salt (0.2 M). attesting to the 
reversibility of complex formation. This finding is also in agree- 
ment with the ionic strength dependence of both the specific and 
nonspecific binding of repressor to DNA?3. 

Poly d(A~s*T) has a circular dichroism (CD) spectrum with 
pronounced Cotton effects in the near ultraviolet (Fig. 34/6)). 
The binding of headpiece leads to a positive displacement of the 
entire spectrum extending down to 265nm, below which the 
protein contribution is dominant!®, Native repressor produces 
similar effects. The titration of (mixed) headpiece with the 
synthetic DNA yields an apparent stoichiometry n of <10-14 
basepairs per headpiece molecule (Fig. 3B). As in the case of 
absorption, the perturbation of the CD spectrum is incompatible 
with a denaturation of the DNA (which gives rise to decreased 
ellipticity at 340 nm). H is more probable that changes in helical 
parameters, also seen in the binding of repressor to poly 
d(A~s*T)*748, are involved’. 

The luminescence properties of headpiece can also be exploited 
in combination with poly d(A~s*T). The excitation and emission 
spectra of headpiece are very similar to those of free tyrosine (Fig. 
44). Addition of poly d(A~s*T) leads to extensive quenching, the 
extent of which depends on the polynucleotide-to-headpiece ratio 
(Fig. 48). The quantitative evaluation of such data is complicated 
by the phenomenon of excluded binding?® especially in conditions 
of protein excess. A reciprocal titration is shown in Fig. 4C: in this 
case, the DNA is initially in excess and the parameters obtained 
(especially the dissociation constant K) should correspond to 
binding with minimal interaction between headpiece molecules (K 
> 10 uM, 2 <12, and the quenching is about 50°). 


Discussion 

The quenching of tyrosine fluorescence by poly d(A~s*T) could be 
due to hydrogen-bonding and proton transfer in the excited 
state3°, stacking interactions?*3°, and/or energy transfer to the 
bases*°3!. The latter process would be favoured by the spectral 
overlap between tyrosine emission (Fig. 44) and 4-thiothymidine 
absorption (Fig. 24). Many models for the operator-specific 
interaction of /ac repressor and its amino terminus with DNA have 
discussed hydrogen-bonding and/or hydrophobic (intercalative) 
contacts between tyrosine side groups and the edges of bases 
exposed in the DNA grooves’. Structural features of the protein 
which have been proposed include protrusions, p structure??44, 
and antiparallel f-pleated sheets?33*. The binding mechanisms 
could include chelation?’ or release!” of ions bound to the DNA 
and the dehydration of sterically specific carbonyl oxygens*° in the 
minor groove on coordination with (cationic) groups of the 
repressor. The combined evidence’?*37 is that binding is to the 
fully-paired DNA helical duplex, centrosymmetric with respect to 
the operator sequence, yet involving asymmetric contacts with 
bases in both strands. 

Our results are consistent with the above concepts and also 
relevant to the question of the number of subunits involved. 
Several studies have established that (at least) two subunits of 
tetrameric repressor are required for the extremely specific and 
stable binding to operator®.?738 4°. The interaction of repressor 
with natural or synthetic non-operator DNA is characterised by a 
much lower affinity (K=10°4+-10°5 M)*>4° and an apparent 
binding length n of 1 1--1677842. These values are similar to those 
reported here for headpiece (although we emphasise their tentative 
nature and can only set an upper limit for # of about 12). The 
probable correlation between the structure of the headpiece region 
integrated into the intact repressor protomer and that in the free 
state after proteolytic cleavage has already been discussed and is 


further supported by the available data for mutationally-altered 
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Fig. 3... Circular dichroism spectra of poly d(A~s*T) in the absence 
and presence of headpiece. A, CD spectrum of a, buffer, as in Fig. 2, at 
19.3°C; b, 40 pM poly d(A-s*T), c, same solution asin (b) plus 26 uM 
headpiece. The spectra were measured in selected -cm path length 
absorption cuvettes using the 0.04 range ofa Cary 60 equipped with 
CD attachment. B, Titration of headpiece with poly d(A-s*T). 
A 2.3 uM solution of mixed headpiece in a [-cm cuvette was placed in 
the CD spectrometer and measured at 10 discrete wavelengths (only 
three are shown ©, 300 nm: A. 357 nm; @. 370 nm). Additions of 
poly d(A~s*T) were made and the cuvette mixed using a pipette but 
without repositioning. Two linear regions were obtained in the curves 
at the various wavelengths with intersections denoted by vertical 
ticks. The data were analysed according to the formalism for ligand 
lattice interactions of McGhee and von Hippel*>. We assume initially 
the case of a non-co-operative ligand (the protein) for which the 
binding isotherm is given by the master equation (our nomenclature) 
r= Lfir)/K where ris the ratio of bound protein to total lattice sites 
So (in this case taken as DNA basepairs), Ais the intrinsic dissociation 
constant for an isolated site, L is the free ligand (protein) con- 
centration, and flr) = (l—ar)*f{l-4(n-Dr}?', a function 
which takes into account the statistical exclusion of several potential 
binding sites by the attachment of a single protein molecule covering 
n consecutive lattice residues. In the initial region of the titration 
here, the ligand is in excess and the slope is given by «{1+1~f)n7] 
where x is the increment in CD signal per unit concentration of 
free DNA and is the signal due to complexed DNA relative to that 
of free DNA residues. From the master equation, r is constant and 
may approach the value l/» if L/K is large enough (a useful 
approximation for r > n/(1 +n) is given by r = (1/2) [1-(1/m) (K/L) 
Vel) In the second linear region, the lattice is in excess and the slope is 
equal to x (the observed values are compatible with the spectral 
changes in (4)) and the finite x intercept is given by an (1-f)Lo if the 
protein is completely bound: It follows that the intersection points 
defined by the extrapolations of the linear regions obey the re- 
lationship Sy = Lo/r. ff we assume from Fig. | that the LH but not the 
SH species was quantitatively bound (Ly(LH) = Lo/2.r = I/n), then 
from these data n = 10-14. If these conditions were not fulfilled, 7 
would be lower. 


molecules (Table 1). The results open the possibility that the 
nonspecific DNA binding of native repressor in certain circum- 
stances may involve only a single subunit of the tetramer. 

We now re-examine the apparent co-operativity in headpiece 
binding to DNA as seen in the filter assay (Fig. lb). This 
phenomenon could arise from (1) a concentration-dependent 
aggregation of headpiece to form a species with higher affinity for 
the filter and/or DNA; (2)a requirement for several bound protein 
molecules per DNA chain for successful fixation to the filter, either 
< because of weak interactions with the latter or rapid dissociation of 

‘the binary or tertiary complexes; and (3) true thermodynamic co- 
operativity, thats, strong positive interaction between adjacent 
bound protein molecules. The chromatographic characterisation 
ofisolated headpiece provides no evidence for (1)*°. Some 
possibilities under (2) are excluded by the stability of the filter- 
bound complex to moderate washing and the absence of a strong 
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Fig. 4 Fluorescence spectra of headpiece and titration with poly 
d(A-s*T). A. Excitation (a) and emission (¢) spectra of 2 uM CH at 
19,5 °C in the buffer given in Fig. 2. A Perkin Elmer MPF4 fluorimeter 
and 5-mm pathlength cuvettes were used. The spectra were recorded 
with a 4nm bandwidth and are uncorrected. The excitation and 
emission maxima are at 275 and 303 nm, respectively. Curve {bis the’ 
buffer blank emission. The spectra are virtually identical with those of 
tyrosine in the same conditions (the quantum yield of the headpiece, 
however, has not been measured). B, Titration of LH solutions of 
different concentrations with poly d(A~s*T). a. 2 uM LH: b, 4 uM 
LH: c, 13M LH. Excitation was at 275 nm and emission was 
measured at 303 nm. The emission values after stepwise additions of 
DNA were corrected for dilution and for inner filtereffects due to the 
DNA absorption (the correction factors were obtained in parallel 
titrations of tyrosine solutions) and normalised to the corresponding 
initial intensity. Pronounced curvature is evident and at the highest 
protein concentration the apparent values of r are improbably high 
(> 0.23. corresponding to n <4). In similar experiments with: 
shorter pathlengths and using mixed headpiece preparations. 
(4-7 uM), the fluorescence quenching was 50 + 10%, and the apparent 
stoichiometry 10+2 from the initial slopes. C, Titration of poly 
d(A—s*T) solutions of different concentration with LH. a, No DNA; 
bh, 30 uM poly d(A-s*T): c, 48 pM poly d(A~s*T). The titrations were 
performed in 7-mm path length cuvettes mounted in a temperature- 
jump kinetic fluorimeter?® using phase-sensitive detection. Exci- 
tation was at 280 nm and the emission above 305 nm was collected. 
Several additions of concentrated headpiece were made from a 
microsyringe and mixed with a magnetic bar. In contradistinction to 
the experiments in (B), the initial phases in these titrations are 
characterised by excess lattice (DNA) and thus protein-protein 
interactions are minimised. Ultimately, headpiece is in excess and the 
final linear slopes result from the addition of free protein (they are not 
identical in the three curves due to the different. but constant, inner 
filter effects caused by the DNA). The ratio y of the initial to the final 
linear slopes of each curve obeys the relationship 
12d- =(K/S, + 11-8) from which K (the dissociation constant 
for an isolated complex) has a value > 10 uM and f (the relative 
fluorescence of the complex) = 0.5. The x intercepts of curves(b) and 
(ce) are given by S,(1-f)/n, assuming saturation of the DNA, from 
which = 12. The true value may be lower, however. since saturation 
will not have been achieved unless co-operative binding at the higher’ 
protein concentration occurs and is characterised by a much lower 
value of K. 
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chain length dependence, Certain indications for co-operativity (3) a 
exist and are discussed in the figure legends. It has not been possible 
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Electron scattering in luminosity and averaged over all directions. Note that it need 
Sor l . not be equal to Tes deduced from X-ray absorption measure- 
X ray-emitting galaxies ee 


SEVERAL galactic nuclei have been identified as luminous The spatial sir uci HE of the scattered flux depends on the 
sources of X rays. These include the radio galaxy Cen A underlying gas distribution and the past activity of the compact 
(refs 1 and 2), several type L Seyfert galaxies™? ~ such as NGC source over a time equal to that taken by light to cross that 


4151, 3C120 and 3C390.3. The quasar 3C273 has also been region (< 10* yr). The variability of the compact source implies 
detected!:. Most of these sources have been observed to vary that its observed intensity, /., need not equal /., and thus 4 


and have, therefore. been considered compact. Their X-ray need not equal Tes fe 4, will, of course, exceed Tes fe in 
spectra, where measured, seem to indicate significant low approximately half of any sample of galaxies. It is in principle 


energy absorption intrinsic to that galaxy. Examples are Cen A possible that the past X-ray history of the nucleus can be 
(ref. 2) for which the line of sight hydrogen column density determined by comparing independent measurements of the 


(assuming solar abundances) Ny~ 102% cm~? and NGC4151 gas density (for example, 21 cm if the gas is predominantly 
(ref. 6) where Ny~5 = 102% cm~, neutral) with the spatial structure of the extended source. 
The optical depth to electron scattering, tes, is unity when The spectrum of the scattered X rays should be similar to 


Nu~ 1.5 «10% cm~? Consequently te is ~10 and 5% for that of the compact source above ~8 keV, but a low energy 
Cen A and NGC4I51 respectively. Higher values of Te, may cut off due to Photoelectric absorption at energy Ea should 
apply if the heavy elements are underabundant, or if a sig- occur at £,~8 Te, keV. This cutoff is related to the observed 
nificant fraction of them is completely ionised. A scattered flux cutoff, Eao, by 

of X rays is thus to be expected from such galaxies. This flux 7 13 

may be detected in the time variations of the compact source If Tes E 

the bulk of the scattering material lies in the nucleus. A To a 

fraction ~ te of the variations are broadened by the light 

travel time across the scattering region. It is likely, however, This may allow Te to be determined. Grazing-incidence 
that much of the gas lies in the body, or disk, of that galaxy. In telescopes such as are to be carried on HEAO-B are ineffective 
this case the scattered flux may be spatially resolvable, appearing above ~4 keV, and may only detect the innermost scattered 
s a diffuse extended source surrounding the nucleus. The total flux. Modulation collimators (such as on HEAQ-A), or the 
intensity of this extended source, Z, is ~ Tes times the mean lunar occultation technique (for example, EXOSAT), may 
intensity of the compact source, /, (provided that Tes SI). prove more useful in mapping the complete scattering region. 
Te is the electron scattering optical depth weighted as to Photoelectric absorption by iron results in an absorption edge 
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and fluorescence emission line in the observed spectrum. The 
equivalent width of this line (in the scattered spectrum) is 
~900 eV, assuming solar abundances. The scattered X rays 
should be highly polarised, the degree of polarisation being 
maximum (~ 100°) perpendicular to an edge on disk. 

Both Cen A and NGC4I5I are good candidates for the 
detection of scattered X rays. The scattered flux may already 
have been detected in the case of Cen A, for Delvaille? reports 
the detection of a 3 arc min diameter X-ray source coincident 
with the compact source. Cen A bears some resemblance to an 
edge-on spiral®, and might therefore be a candidate for polaris- 
ation studies. The disk of NGC4151 is observed nearly face 
on™, with a mean neutral hydrogen surface density over the 
optical spiral structure (8 arc min diameter) of ~ 7 x 10-4 g cm~? 
(ref. 8). te perpendicular to the plane of the disk is thus 
~5x 1074, which is ~ te, for the case of a thin disk containing 
a central source radiating isotropically. This indicates a very 
weak scattered flux; /,, from most of the disk, if /.~/,. Tes 
and thus /, may be considerably greater within the central few 
kpc, especially if much of the reported low energy absorption® 
of the presumed compact: source occurs in this region. Note 
that this compact central X-ray source may maintain a con- 
siderable fraction of the lightest elements in the inner parts of 
NGC4151 in an ionised state. The electron scattered flux in 
the infrared, optical and ultraviolet wavebands should be 
reddened in a similar manner to the direct flux that is detected 
from the galactic centre. This assumes that NGC4151 contains a 
distribution of dust similar to that in our Galaxy. The con- 
tinuous optical spectrum of the bar in NGC4151 does, however, 
more closely resemble that of its nucleus than that expected 
from blue stars!®. Optical polarisation studies could rule out 
electron scattering, which would imply a high degree of 
polarisation perpendicular to the bar. 

Finally, it is worth noting that the extended X-ray source at 
the galactic centre! may in part be due to scattering of the 
X rays from the strong sources in that region. 
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Absorption lines in the optical 
spectrum of quasar AO0827 +24 


in January 1977 the radio source AO0827 + 24 (ref. 1) was ob- 
served at 90 GHz by F. Owen, S. Mufson, R. Porcas and T. 
Moffett with the NRAO 36-foot antenna at Kitt Peak, during 
Observations of several flat spectrum sources selected from the 
Green Bank 5-Ghz survey?. Among these sources, 34, including 
AOQ0827--24, were found to have flux densities greater than 
1 Jy at 90 GHz. Spectrographic observations of the optical 
counterparts of these 34 sources are in progress. We report 
here observations of the Mg(u) and Fe) absorption line 
system, at a redshift z = 0.525, in the optical spectrum of 
the 17.5-mag stellar object associated with AO0827-+24 
because of the similarity with the absorption line system of the 
two BL Lacertae objects PKS0735+-178 (ref. 3) and 
AQ0235 -- 164 (ref. 4) which also have flat radio spectra. 
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We obtained trailed image tube spectra of AO0827 -24 with 
a moonlight eliminator, using the 2.1-m and 2.7-m telescopes 
at McDonald Observatory in February and March 1977. We 
first took two spectra at 230 A mm ~! covering the wavelength 
range 3,500-6,200 A. These spectra showed a low contrast 
feature in emission near 3,700 A. We later realised that a line 
at this wavelength had been seen in previous observations of 
AQ0827-24 (refs 5 and 6). Wills and Wills® propose an 
emission line redshift of 2.046 based on the line at 3,700 A 
being identified with La and another emission line which they 
observe at 4,063.A being identified with O(1)1.1335; they also 
note that against this interpretation is the apparent absence of 
C(iv)i.1549 and that the emission line redshift of this object’ 
is still in doubt. 

The most conspicuous feature on our low-dispersion spectra 
was an absorption line at 4,270 A. We therefore obtained spectra 
with a higher dispersion,103 A mm ~, in the range 3,500-5,400 Å. 
On the best spectrum the feature at 4,270 A is clearly resolved 
into two components at 4,262.5 and 4,273.5 A and another 
absorption line is observed at 3,966.8 A. 

The identification of the doublet with.. Mg) 2,795.53, 
2,802.70 A gives a redshift of 0.5247. Using this value the line 
at 3,966 A corresponds to a rest wavelength of 2,601.7 A and 
is identified with Fe(ir) 2,599.40. This line may be contaminated 
by the interstellar line Ca(i1) 3,968 but is probably not caused 
solely by it otherwise we would expect to see Cal) 3,933 with 
a comparable strength, and this is not observed on our spectra. 

Since the Mg(it) doublet is resolved, the full line width in 
the rest frame of the object is less than 7 A or 750 km 57}. The 
real width of the redshifted lines is not known and may be much 
smaller than the resolution of our spectra, which is about 8 A. 
Clearly the absorption line spectrum of AQ0827-+- 24 deserves 
further observation, however, the available data suggest that 
the absorption spectrum of A00827-: 24 has marked similarities 
with that of PKS0735-:-17 and AOQ0235-+- 16. Since there is. at. 
least one emission line in the spectrum of 0827 -+-24, the object 


is not a true BL Lacertae object. But recent results indicate °° 


that the spectrographic differences between BL Lacertae 
objects and quasars are not as clear cut as previously thought’. 

In PKS0735~ 17 (ref. 3) only the Mg(u) doublet has been so 
far detected and gives a redshift z = 0.424. In AOQ0235+-16 
(ref. 4), there are two redshift systems, one at z = 0.851 
determined from the Mg) doublet, the other one at z = 0.524 
(which is strikingly close to the redshift of AOQ0O827--24) 
determined from the Mg) doublet and lines of Mag({i), Fe(i) 
and Mn. 

Interestingly, the four absorption-line. redshifts in the optical 
spectra of these objects are all between 0.4 and 0.85. This 
situation may be caused in part by selection effects inherent 
to the spectrographic observations: the range of redshift 
0.4 to 0.85, corresponds to the easily recognisable Mga) 
doublet falling between 3,900 and 5,200 A where the search 
for absorption lines is the easiest. 

The sample mentioned above, comprising 34 sources stronger 
than 1 Jy at 90 GHz, includes AOQ0827- 24 and also the two 
BL Lacertae objects PK20735+17 and AO0235+ 16. Thus at 
least three out of 34, or about 10% of the objects, show similar 
absorption line systems with z<0.9; the incidence of such 
absorption systems is therefore not uncommon. It is not known 
at present whether this phenomenon is caused by cold gas 
clouds ejected by the continuum emitting source or by inter- 
vening galaxies. If these absorption lines are caused by inter- 
vening galaxies, they should be present in the same percentage 
of the spectra of all QSOs with z>0.9 regardless of their 
optical and radio properties. The incidence of absorption lines 
in the spectra of QSOs with emission lines of width and strength 
similar to those found in BL Lacertae objects is not known 
since up to now QSOs have generally been observed with a low 
dispersion sufficient to detect broad emission lines but in- 
adequate to resolve and thus recognise the Mg(n) doublet; 
this is in contrast to the spectra of the BL Lacertae objects, 
especially the bright ones, which are thoroughly searched for 
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absorption lines. Clearly a systematic search for absorption 
lines in the spectra of QSOs will be useful for determining their 
origin. 
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Prebiotic polymers and 
infrared spectra of galactic sources 


INFRARED absorption features characteristic of molecular dust 
clouds in the Galaxy may be assigned to complex organic polymers 
or prebiotic polymers. It could be argued that such highly stable, 
complex polymers evolve due to radiation processing of molecular 
mantles on interstellar grains— essentially by a type of natural 
selection which operates in the interstellar medium. A large 
fraction of all C, N, O elements in the interstellar medium could be 
condensed in the form of these stable polymers. Such interstellar 
material may also account for a significant fraction of the 
‘insoluble organic matter’ which is found in carbonaceous chon- 
drites. 

The chemical composition of interstellar dust is uncertain. 
Observations of infrared excesses in cool stars combined with 
appropriate thermodynamic calculations support the view that 
grains comprised of silicates, iron and graphite are produced in 
these stars It is unlikely, however, that these materials alone can 
satisfactorily explain the entire range of optical data relating to 
interstellar grains?. Measurements of interstellar linear and cir- 
cular polarisation point strongly to the dominance of a dielectric 
grain material at optical wavelengths*. Furthermore, estimates of 
the mean extinction coefficient of interstellar matter together with 
cosmic abundance data imply that the large bulk of grain material 
is comprised of C, N, O elements’. These elements, in appropriate 
combinations with hydrogen, may exist as molecular mantles on 
grains. Mixtures of inorganic ices were proposed by van de Hulst*; 


Fig. 1 Infrared spectrum on the BN object in the Orion Nebula- 
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Fig. 2 Absorbance (4) of organic polymers as a function of 

wavelength. a, Polyformaldehyde (Delrin acetal resin); b. polyvinyl 

alcohol: c, natural resin: Shellac~-regular bone dry. bleached- 

FEXO type!?. d, Average absorbance for 18 selected polymers of 
various types. 


and N.C.W.> has discussed the possibility of formaldehyde 
polymers. These two types of composition could represent in- 
termediate stages in a progression towards an increasingly com- 
plex macromolecular structure for grain mantles. 

We envisage the evolution of grain mantles in two distinct steps. 
First a mixture of relatively simple organic and inorganic ices (for 
example, CO, H2O, NH3, H2CO) condenses on silicate grains in 
interstellar clouds. The combined effect of interstellar cosmic rays, 
X rays and ultraviolet photons on these grains will be to initiate 
solid-state polymerisation reactions of the type discussed by 
Goldanskii®. The end product of such processing of grain mantles 
is a stable, radiation-resistant organic polymer or prebiotic 
polymer. Such polymers may be thought of as evolving according 
toa type of natural selection in response to a wide range of selective 
pressures operative in the interstellar medium. It is possible that 
the low abundances of simple molecules and radicals (for example, 
OH, CH, CN) observed in diffuse interstellar clouds is maintained 
by a very slow degradation of these polymers. 

Infrared absorption features observed in galactic sources, 
include bands centred on 3.1, 3.4 and 8-12 and ~ 20 um. The most 
extensive observational data are available for the 8-12 um feature. 
This band is seen in emission by hot dust in HII regions and 
circumstellar shells, as well as in absorption against sources of 
continuum infrared radiation. A silicate explanation for the 10 um 
band seems natural for many sources exhibiting this feature. 
particularly in cases where dust is observed in circumstellar shells 
around oxygen-rich M giant stars’. Similarly, an H»O~ice expla- 
nation for the 3.1-4m band may be tenable in some cases. In 
sources of exceptionally strong absorption, for example, the BN 
object in the Orion nebula. there are inadequacies in this con- 
ventional point of view. 

Figure | shows the infrared spectrum of the BN object. which is 
probably one of the most heavily reddened objects in the Galaxy”. 
Here we see absorption bands centred on wavelengths close to 3 
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and 10 um. The 10-um band is usually attributed to silicates, and 
the 3-um bands to H2O-ice. Both these compositional assignments 
present problems. If we assume that the overall composition of 
dust which obscures the BN object is representative of grains in the 
general interstellar medium, the mass ratio of ice to silicates which 
is consistent with the observed relative strengths of the two bands 
in Fig. | is inconsistent with cosmic abundance criteria*-’. Also, 
the detailed shape and width of this 10 um band does not give a 
satisfactory fit with the absorption spectrum of any known silicate. 





Table 1 Vibrational frequencies for various linkages in organic 





molecules?’ 
Bond Wavelengths 
(um) 
C-C, C-O, C-N 7.7-12.5 
C=#C,C=-0,C=N.N=O 5.3-6.7 
CC, CN 4.4-5.0 
C-H, O-H. N-H 2.6-3.7 


Another case which presents difficulties for simple silicate—ice 
models is the infrared spectrum ofa source at the galactic centre. A 
broad 3-um band, which includes a weak feature at 3.4 pm, cannot 
be explained in terms of a simple model of H2O-ice grains'®. 
Likewise, the deep, narrow absorption band centred on 9.7 um in 
this source’ cannot readily be explained by silicate-type grains. 

The possibility that organic polymers could contribute to 
absorptions at 3, 3.4 um, and over the 8-12- and 18~24-~m 
wavebands in galactic sources suggests that organic polymers 
could provide a potentially more flexible and viable explanation of 
astronomical absorption spectra at near and mid-infrared wave- 
lengths compared with silicate grains. The mass denisity of 
absorbing material in this former category may be higher by an 
order of magnitude, because of the higher cosmic abundance of C, 
N, O elements. 


CH 
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Organic molecules and polymers are known to have broad 
absorption bands in the wavelength region 1-100 ym due to 
transitions between vibrational-rotational levels. Over the wave- 
band 2.5-13 um considered above. stretching modes of elementary 
bonds which contribute to absorptions are listed in Table 1. 

The precise positions of band centres and band widths appro- 
priate to individual groups depend on associated linkages and on 
the particular molecular environment in which these groups are 
placed. From extensive spectral data'? on organic polymers, 
absorption features in the wavelength ranges 8--12 and 2.5-3.5 um 
are seen to be the most persistent properties encompassing natural 
and synthetic polymeric compounds of widely ranging types. 

Figure 2 shows the absorbance spectra of an acetal resin (a), 
polyvinyl alcohol (b) and a natural resin (c). While we could not 
find a single spectrum of a simple polymer which provides a 
satisfactory fit to the data in Fig. 1, the average spectrum of a 
number of different types of polymer tends to produce a relatively 
structureless, broad 10-um band giving better agreement with this 
astronomical absorption feature. Figure 2d represents a synthetic 
spectrum obtained simply by averaging absorbance data! >}? fora 
selection of 18 polymeric species. The selection was made so as to 
include polymers of a wide variety of types, but witha bias towards 
those which exhibited broad bands centred near 3 um due to either 
O-H or N-H stretching modes. This ‘synthetic’ curve is fairly close 
to a smoothed out mean of the three absorbance spectra Fig. 2a, b 
and c. Although we cannot claim any uniqueness for our synthetic 
spectrum (d), this curve provides significantly better agreement 
with the BN source data (Fig. 1) than any model involving 
silicate~ice grains. This cannot be dismissed as fortuitous. A’ 
smooth absorption feature of appreciable strength in the 8-12 um 
waveband arises quite naturally for an average polymer spectrum, 
if we takea large enough number of polymers of various types! "1#, 
But the requirement of either a strong 3-zm band or a 3.4-um band- 
demands a more restrictive choice. In this context it is worth noting 
that some galactic sources show strong bands at 3.4 um, but not the 
usual 8-12-um feature. A casé in point is the emission spectrum of 
the planetary nebula NGC7027 (ref. 13). It is also interesting that 
some astronomical data, including the extended infrared emission 
source in the Trapezium nebula’, indicate a significant absorp- 
tion coefficient in the *10-7m band’ of interstellar dust extending to 
À = 13 um. There are other cases where a 3-um absorption band, 
wider than one which can usually be attributed to ices, occurs 
together with a broad 8-13-um band! *. Such absorptions cannot 
readily be explained by silicates and H2O~ice but could be 
obtained by biasing our organic compound mix to include a 
substantial fraction of amides. These compounds have a broad 3- 
um feature due to N-H stretching as well as a broad absorption 
feature in the 12.5-15-um region due to out-of-plane NH wag- 
ging''; a typical case is the spectrum of isobutyramide!!. 


Fig.3 Infrared absorption spectrum of sporopollenin from Tasmunites punctatus fossil planktonic algae. Sporopollenin is an oxidative co-polymer of 
carotonoid~carotonoid esters containing the molecular and macromolecular groupings shown above. 
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An exceedingly complex organic or prebiotic polymer which 
evolves in the interstellar medium could well possess absorption 
properties similar to those of the synthetic polymer spectrum Fig. 
2d. Alternatively, the average interstellar absorption curve may be 
due to an ensemble of less complex polymers which has an average 
spectrum similar to Fig. 2d. Inthe context of the former possibility, 
it may be of interest to consider the properties of highly stable 
naturally occurring biopolymers. 

A particularly stable polymer of this type is sporopollenin, an 
oxidative copolymer of carotonoid—carotonoid esters, which 
forms a major component of pollen and many spore walls. Figure 3 
shows the infrared absorption spectrum of sporopollenin from 
Tasmanites fossil planktonic algae over the wavelength region 2.5 
to 40 jam. This spectrum showsa broad absorption feature at 3 um, 
a narrower 3.4-um band, and a deep and somewhat narrow 
absorption band at 9.7 um generally similar to data for the galactic 
centre infrared source’:'®. In Fig. 3 there is also a band at 20 um 
similar to one which is regarded as providing additional evidence 
for interstellar silicates. Sources where the detection of a 20-um 
band has been claimed include the Trapezium and KL nebulae’® 

Although these spectral similarities do not prove the presence of 
sporopollenin in interstellar space, nor indeed of any biopolymer, 
there is an indication here of a fairly complex, radiation-resistant 
prebiological polymer associated with interstellar grains. It is 
possible that the conversion of interstellar grain mantles into 
radiation resistant polymers, and the formation of protective 
coatings on pollens and spores followed similar chemical path- 
ways, in response to broadly similar selective pressures. Prebiotic 
polymers with large-scale molecular groupings similar to those 
occurring in sporopollenin (but less complex) may be the net result 
of such an evolution. Infrared spectra of these two systems could be 
fairly similar. 

We have already suggested an identification of the 4 2,200 A 
interstellar absorption band with electronic transitions in con- 
jugated multiple bonds of prebiotic molecules! ’-—-such molecules 
being supposedly trapped within polymeric mätie of the type 
considered here. Sakata er a/.'* have also shown that a similar 
ultraviolet absorption feature occurs in the soluble organic matter 
extracted from a carbonaceous chondrite. This similarity in 
ultraviolet spectra was interpreted as support for the inclusion of 
primitive grain clump material in meteorites. In view of the 
infrared spectral identification suggested here, we might further 
argue that the insoluble organic matter of carbonaceous chon- 
drites may also have an interstellar origin. This material is too 
complex for detailed identification, but is believed to be comprised 
of highly condensed aromatic polymers which account for nearly 
70% of the total carbon content in these meteorites’ ”. Such 
prebiological polymers. processed in the interstellar medium, 


could have played a crucial part in the evolution of terrestrial life. $ 


We (F.H. and N.C.W.)*° have also shown a strong case for the 
class of biopolymer — polysaccharides-——in interstellar dust. Other 
organic polymers such as discussed above would probably be less 
abundant than polysaccharides. 
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Atmospheric absorption between 
4 and 30 cm! measured above Mauna Kea 


CONSIDERABLE attention is being given to the construction of 
new telescopes which will extend ground-based astronomical 
observations to millimetre and sub-millimetre wavelengths, 
and so it is essential to have a better understanding of 
atmospheric absorption at these wavelengths. We report here 
measurements made from the summit of Mauna Kea in Hawaii 
of the absorption of radiation coming through the atmosphere 
in slant paths from the sun. These have extended previous 
knowledge of absorption at this site}? to lower frequencies 
and have confirmed that a little understood phenomenon 
which we call anomalous absorption can greatly reduce atmos- 
pheric transparency at some millimetre wavelengths theo- 
retically predicted to be good windows. To compare our 
measurements with theoretical predictions, particular attention 
was paid to determinations of atmospheric water content in 
the same path from the sun. A complete absorption band near 
1.4 um was scanned, therefore, using a monochromator and 
values of precipitable water were derived by well known 
formulae’. 

Spectra in the wavenumber range 4-30 cm~ were obtained 
by Fourier inversion of the output of a Michelson interfero- 
meter which was illuminated by a 50-cm diameter telescope and 
used a Golay detector. Interferograms giving a resolution of 
0.5 cm were recorded in 30 min. As the sun is nearly a black 
body at these frequencies, a local black-body source was used 


Fig. 1 Measurements in January-February 1976 at Mauna Kea 
(elevation 4.2 km, latitude 19°50’, longitude 155°28’). The 
solid line is an average transmission spectrum for which the 
mean zenith angle is 55°. The resolution is 0.5 cm~. Below 
20 cm~ the average is from nine days of observation with a 
mean water vapour content of 1.9 mm precipitable in the path. 
Above 20 cm~! the average is from the four driest days, with 
0.9 mm preciptable. The displaced error bars represent the 
standard deviation of the noise on the spectra. The dotted line 
shows theoretical predictions in which the small oscillations 
between known lines come from including the effects of the 
instrumental ‘spectral windows’. Arrows mark O, lines, other 
lines are due to water. 
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Fig. 2 Daily averages of transmission at 7.7 cm~ plotted against 
the measured water vapour content. Mean zenith angles are in 
the range 47-61”. The dashed line shows predicted transmission. 


to provide a calibration by which day-to-day changes in radio- 
metric sensitivity could be followed and also give a reference 
spectrum by which the solar spectra were divided to measure 
atmospheric transmission. As we could not record a solar 
signal without absorption, measurements for one day of 
particularly high atmospheric transparency were used to 
establish the transmission scale. We selected a wavenumber of 
10.3 cm~' where there is low atmospheric absorption and 
assumed that the only loss was that predicted by the theoretical 
model corresponding to the measured water content. We 
found that on that day the signal strength varied with zenith 
angle by the expected amount. Figure 1 shows a composite 
spectrum from several observations averaged as described in 
the legend. These data were obtained in clear conditions and 
for the wavelengths under discussion this means that atten- 
uation by particles could be neglected. Theoretical spectra were 
calculated from AFRCL tabulations of molecular line 
parameters', 

As well as the expected lines of water and oxygen, additional 
absorption was observed which seriously affects ‘windows’ 
used for astronomical observation. The extra component is 
described as anomalous absorption and no simple correlation 
between its strength and atmospheric water content was found. 
Figure 2 shows this in the behaviour of the atmospheric window 
near the astronomically important J = 1-2 pure rotation 
line of carbon monoxide at 7.7 cm™. At this frequency the 
average absorption was 2.1 dB where the water vapour and 
oxygen model predicts 0.23 dB for the mean water content of 
1.9 mm precipitable. 

As an alternative to radiometric calibration, it is common 
practice to assess atmospheric absorption by measuring 
signals as a function of the zenith angle from an astronomical 
source. Assuming that the absorbers are horizontally stratified 
and do not vary in concentration during a sequence of measure- 
ments, a plot of absorption against airmass would be a straight 
line through the origin. Plotting absorption values for the 
interval 7 cm™ to 9.5 cm™ measured in this way, we found 
that the intercept at zero airmass was significantly greater 
than zero on most days, as shown in Fig. 3. This suggests that 
stratification of the molecules giving rise to anomalous 
absorption may be affected by the presence of the mountain 
and that the method of calibration based on zenith angle 
dependence, though widely used, may not apply in such 
circumstances. 

We conclude that anomalous absorption, frequently re- 
ported? in qualitative terms, is a major phenomenon at Mauna 
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Kea. The observed magnitudes are similar to values previously 
obtained at Mauna Keat, and other mountain sites*?, The 
variability in the effect which we observed is sufficiently great 
that these observations are not necessarily in conflict with the 
low values recorded at White Mountain, California*, The 
amount of anomalous absorption in the range 7-9.5 cm is 
consistent with what has been found in horizontal atmospheric 
paths? if reasonable values of scale height for absorbers are 
assumed. The non-zero intercept on the absorption’ against 
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Fig. 3 Each point, which represents absorption averaged over 

the 7.0 cm~! to 9.5 cm™ interval, was measured in the same 

day. The error bars give an estimate of the standard deviation 

of the noise in this interval. Airmass is defined as the ratio of the 

amount of atmosphere along the observing path to the amount 

in the zenith direction. The line fitted to the data gives an 
intercept of 1.7 40.2 dB. 


airmass plot suggests that there may be factors specific to a site 
which can enhance anomalous absorption. 

We thank Professor J. T. Jefferies for the use of Mauna Kea 
Observatory, University of Hawaii, also Mr T. Krieger and his 
staff at the Observatory for their assistance. 
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Carbonate mineral detection by variable 
atmosphere differential thermal analysis 


GREATLY improved detection limits for the presence of anhydrous 
carbonate minerals in mixtures with other types of minerals can be 
obtained by variable atmosphere differential thermal analysis 
(DTA) using dynamic furnace atmospheres of CO, (flow rate 
100 ml min”!)!. Details will be published elsewhere? > (see ref. | 
for details of the Du Pont unit and conditions of analysis). These 
carbonates fall into two groups: those which decompose in CO, 
with single. or multiplet endothermic dissociation reactions 
liberating CO,. The first groupcontains, calcite CaCO ,. magnesite 
MeCO,.smithsonite ZnCO,. and siderite FeCO, (ref. 5): while the 
second includes dolomite ` CaMg(CQ,),. ankerite 
Ca(MgFe)(CO,), and cerussite PbCO, (ref. 4). Here calcite and 
dolomite are taken as typical examples and their behaviour 
described. 

In conditions of dynamic CO. compared with static air, the 
single endothermic peaks of group one members show several 
important DTA curve modifications (Fig. [hand c): peaks become 
narrower. and more sharply defined with much increased peak 
heights: the complete peaks. including initial, peak and final 
temperatures, move up scale to occur at considerably higher 
temperatures. 

The multiple endothermic peaked second group behave dif- 
ferently in the same conditions (Fig. 1d and f): the initial peak 
becomes displaced down scale?-6 (sometimes. due to crystallinity 
and equipment. for low concentrations. the known fall in peak 
temperatures due to dilution when determined in air® and their 
relative stability in dynamic CO, may cause both dolomite peaks 
to appear up scale from the fused composite peak representing 
them in air (Fig. Id and /)). The higher temperature peak 
(dolomite) or peaks (ankerite) move up scale to occur at higher 
temperatures with considerably increased and decreased peak 
heights and widths respectively: markedly increased peak sep- 


Fig. 1 Differential thermal analysis curves of calcite and dolomite 


obtained from artificial mixtures of a, 0.5°, caleite: $. 6"), cakete. 

6%, calcite: d. 6",, dolomite: e, 0.5", dolomite: /, 6”, dolomite by 

weight with calcined alumina. Determinations being made in furnace 

atmosphere conditions of static air (dotted line) or dynamic carbon 

dioxide {solid line). The much improved peak definition. resolution 

and detection limits are clearly shown by the curves determined in 
dynamic carbon dioxide. 
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aration and definition results. Individual peaks remain recognis- 
able down to the limits of detection (see Fig. Ie) and do not, with 
progressive content dilution coalesce into the single broad similar 
(difficult to identify) features which typically result from de- 
terminations in air (compare Fig. ld and f). The size of the now 
clearly resolved middle endothermic peak of ankerite. varies with 
iron content?. 

The DTA of such carbonates in these conditions enables their 
greatly improved detection down to contents in the order of 
0.25°.3. the identification of members of the dolomite-ferroan 
dolomite-ankerite series? and the detection of “iron carbonate’ 
components. present either as siderite or ankerite-ferroan dol- 
omite with detection limits and content evaluations? which seem 
considerably superior to these obtainable by routinely available 
X-ray diffraction data. which emphasises the potential of DTA in 
this aspect of determinative mineralogy. 

I thank the University of Bristol (Geology) and the Macaulay 
Institute for Soil Research (Pedology) for the opportunity to 
undertake this work during the tenure of a visiting professorship. 
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A?-Sterenes as 
diagenetic intermediates in sediments 


A SMALL fraction of the sterols derived from living organisms is 
found intact or partially degraded in the geological environment. 
Seawater and many recent or relatively immature older sediments 
contain unaltered. or only slightly altered sterols! *, whereas in 
older sediments and petroleum these compounds have usually 
been transformed by redox reactions into their saturated (steranes) 
or partially aromatised counterparts” '*. Due to the high stability 
of the steroid skeleton, products derived from steroids can be 
detected in consolidated sediments far into an advanced stage of 
maturation. We have examined {1 recent sediments and suggest 
here that the A?-sterenes which they contain are degradation 
intermediates of the precursor sterols. 

The characterisation of degradation intermediates. forexample, 
unsaturated hydrocarbons. can bring a better understanding of the 
nature of the evolution pathways undergone by the sterols in the 
sedimentary environment. as well as useful information on the 
stages of evolution at which various degradation reactions take 
place’*. Mono- and di-unsaturated steroid alkenes have been 
tentatively detected in various sediments. but these compounds 
have not been conclusively identified'*+ 1°. 

We have now studied the unsaturated hydrocarbon fraction of 
11 recent sediments——five from the sea of Norway. one from the 
Baltic sea, two from the vicinity of the Amazon estuary. one from 
the Cariaco Trench near Venezuela and two continental muds 
from the immediate vicinity of Strasbourg. The samples were 
frozen and freeze-dried immediately after collection. The dry 
samples were then extracted with freshly-distilled chloroform in a 
Soxhlet apparatus or under ultrasonics. When necessary the total 
extracts were desulphurised on active copper and separated by thin- 
layer chromatography (TLC) on SiO, with hexane elution. The 
unsaturated hydrocarbons {10-20% of the total saturated + 
unsaturated hydrocarbons) were further separated by Ag * SiO; 
TLC with hexane elution yielding 1-2 p.p.m. by weight based on 
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dry sediment (standard precautions against contamination ne- 
cessary in organic geochemical studies were taken throughout). 
Gas chromatographic (GC) analyses were carried out on Ee 
Dexsil-packed glass columns (2.5 m x3 mm) and OV-101 and 
Apiezon L capillary columns (25 m x 0.5 mm i.d.) using a GC- 
mass spectrometry-computer set-up (LK B 9000 S/PDP 11E 10). In 
control experiments a solution of 70 mg of pure cholestanol in 
chloroform was treated with 50 g of a chloroform pre-extracted 
sediment under ultrasonics: no trace of A?-sterenes could be 
detected after extraction and separation following the analytical 
procedure described above. 

We have identified, from the unsaturated fractions of the recent 
sediments studied. three major constituents (Fig. 1) asthe C35. C 2g 
and Czo 5(#H) A*-sterenes a-c by the following criteria: mass 
spectral fragmentation patterns identical with those of the cor- 
responding A*-sterenes which we and others!” had prepared. and 
co-elution with the reference compounds (Cz; and C24) on two 
capillary columns (OV-101 and Apiezon L). The mass spectra of 
the A?-sterenes show significant differences from those of A*- or 
A’-sterenes, since the former are characterised by an important 
fragment at M-54 (loss of butadiene due to a retro-Diels re- 
action)'*®. Stereochemistry at C4 remains undetermined. 
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Fig. 1 Gas chromatogram of the unsaturated hydrocarbons of a 

recent marine sediment (5.000 yr) from the Cariaco Trench. near 

Venezuela, Conditions: OV 101, 25m 0.5 mm i.d.. 130-270 C. 

3 Cmin™'. Peaks correspond to the A?-sterenes: a. R = H: h, 
R = CHs:¢.R = CHa. 


Recent results are good evidence for the microbiological 
reduction of A*-sterols into the corresponding 52H (and 5BH) 
stanols in the first stages of diagenesis in surface sediments ™ 192°, 
The A?-sterenes (which have so far only been reported in non-fat 
dry milk’) may be formed in a further stage by dehydration of the 
corresponding stanols. In one of our samples. from the sea of 
Norway. which showed a slightly acidic pH, we noticed the 
concommitant presence of a series of A'*"”-sterenes (C)>-C;,) 
with a backbone-rearranged skeleton. It is reasonable to assume 
that these compounds. which we have previously identified in 
several older shales, are formed from stanols by an acid-catalysed 
skeletal rearrangement through A?-sterene intermediates. This 
process has been clearly demonstrated by simulation ex periments 
with cholestanol or A?-cholestene and montmorillonite clay?!, 
Further studies. however, are still needed to confirm that the 

: isolation of rearranged sterenes is really due to the observed low 
pH. 

The identification of A?-sterenes in various recent sediments 
deposited in marine or continental environments suggests that 
these compounds are degradation intermediates of the precursors 
sterols, via the corresponding stanols. in the sedimentary environ- 
ment. It is also possible that they arise directly from stanols, since 
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Fig. 2 Early transformations of sterols in the geological environ- 

ment, based on laboratory and field results. Processes marked ? are 

only inferred (see refs 8, 9, 20. 21 and refs therein) R = H, CHa, 
C3Hs. 


the latter have been detected in several living organisms®. These 
alterations start at a very early stage of diagenesis in surface 
sediments. These results, combined with our, and other authors’ 
previous results. increase our knowledge of the first geochemical 
evolution pathways undergone by the sterols in the geological 
environment, as shown in Fig. 2. 

This work constitutes a contribution to the ‘Projet ORGON’ an 
interdisciplinary approach study of recent sediments undertaken 
by several French laboratories. We thank ELF-Aquitaine for 
financial support. 
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High shear velocity layer 
in the upper mantle of the Western Pacific 


SHEAR waves have been only rarely observed in explosion 
seismology studies at sea, so their precise velocities have not 
been extensively studied. An inversion method from seismic 
surface wave studies has been used to measure the shear 
wave velocities of the oceanic upper mantle’*. But, the 
values obtained, generally 4.6kms', are inherently an 
average of a path from a seismic source to a seismic record- 
ing site on land, so that the method can not give a ‘pure’ 
value for the upper oceanic mantle. Shear wave velocity is, 
however, important for the physical property of the upper 
mantle as well as for discriminating the minerals which 
make up the oceanic upper mantle. We describe here our 
measurements of apparent shear wave velocities, using 61 
natural earthquakes with epicentral distances ranging from 
400 to 2,900 km. Results indicate that the lower part of the 
oceanic lithosphere contains a large amount of garnet. 

A linear array of high sensitive ocean bottom seismo- 
graphs (OBSs) was positioned on the Western Pacific Basin, 
where the Pacific lithosphere is thought to be very old and 
about to subside (Fig. 1) The water depth is between 5,500 
and 5,600m. The linear dimension of the array is about 


Fig. 1 A map showing the array of ocean bottom seisomgraphs 
(A) and precisely located epicentres of earthquakes, having 
focal depths shallower than 40km (©), 41-70km (@), and 
71-190 km ($W). Note that most of the wave paths from the foci 
to the OBS array pass through the upper mantle of the Pacific 
lithosphere (if we consider that the lithosphere is subducting 
north-westerly); hence the obtained apparent velocities represent 
those of Pacific upper mantle. [_], 7- and 5-t explosions which 
were used for the explosion seismology study? where P-wave 
structure has been obtained for the region. 
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400 km, so that the apparent velocities were accurately 
measured within the array‘. 

The observations were carried out during a two-week 
period in October 1974, when 61 shallow earthquakes were 
precisely located by various land seismograph networks 
(Japan Meteorological Agency, USGS, the seismological 
network of Sakhalin Complex Scientific Institute USSR, 
seismological networks operated by Tokyo University and 
Hokkaido University in Japan). Most of the earthquakes 
occurred along the Kuril trench and Japan trench which 
are, seismically, the most active regions in the world. Since 
the OBSs are sensitive, earthquakes with magnitude 3 or 4 
were clearly recorded at distances of 1,000 or 1,600 km, 
respectively. 

Our observed S travel times, from earthquake foci to the 
OBSs, are shown in Fig. 2. These are markedly smaller than 
those of the Jeffreys-Bullen travel time tables. The dif- 
ferences are 10-30s for shallow earthquakes with 400 to 
1,800 km range of epicentral distances. The results indicate 
that the structure of the oceanic upper mantle at the 
Western Pacific is unusual, Travel times, however, have 
inherent limitations in resolution since they are strongly 
affected by errors in their origin times which are given by 
seismograph networks on land. 

Apparent velocities, which are measured from passing 
times of seismic waves which cross the OBS array and indi- 
cate the velocities of the rocks at the deepest points of 
seismic rays, are accurate, since they are free from errors 
in the origin times. Although they give useful information, 
the apparent velocities are the least sensitive quantity to 
the complexity of the structure. 

The region west of the trenches probably has a compli- 
cated structure that includes a continental shelf overlying a 
subducting lithosphere. The structure may cause errors in 
the determination of hypocentres and deflections of seismic 
waves which are incident to the OBS array. 

Some calculations on ray paths, using plausible velocity 
models for the region, reveal that the complexity of the 
region’s structure cannot affect the obtained apparent 
velocities by more than 1%. The size of the error is the 
result of choosing earthquakes with small errors in focal 
positions for our analysis and also that the earthquake foci 
are very close, in a three-dimensional sense, to the plausible 
subducting lithosphere, which is considered to subduct 
towards the north-westerly from the trenches. 

The apparent velocities were calculated from pairs of 
readings by adjacent OBSs, which are indicated by line seg- 
ments in Fig. 2. Figure 3 demonstrates that V, values are 
faster than 4.6 km s~™'. The average value, 4.88 +0.12 kms", 
is obtained from 59 data for shallow earthquakes, since cal- 
culated velocities seem to have little dependency on epi- 
central distances within the range of the figure. The small 
standard deviation suggests the accuracy of overall measure- 
ments of this analysis, which are composites of errors in 
source locations, errors in OBS locations, timing errors in 
OBS and the possible inhomogeneities of structures beneath 
the OBSs sites. The effect of incident angle to the array has 
been compensated. 

The obtained value of S-wave velocities, which show a 
predominance at 4.9 kms‘, in all probability corresponds to 
the P-wave velocity of 8.6 km s™, which has been obtained 
by a long-range explosion seismology study’ and apparent 
velocity measurements for P waves‘, at the same region. 
Hence from a probable analogy to the P-wave structure 
which was measured by the explosion experiment, the 
measured S value, 4.9km s™ for the range 500 through 
1,800 km of epicentral distances, indicates the S-wave velo- 
cities in layers from 60 km to about 150 km depths, except 
for the low velocity layer. 

The existence of the low velocity layer, which is observed 
by the explosion experiment and apparent velocity measure- 
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Fig. 2 Travel times of earthquakes, whose epicentres are shown 
in Fig. 1, observed by the OBS array. O, @ and $ as for Fig. 1. 
Each group of short line segments denotes an event of an earth- 
quake. Travel times of Jettreys-Bullen, for focal depths of 0, 
33, and 100 km, are also shown. The observed travel times are 
remarkably faster. Vertical dotted lines are possible offsets. 


ments for P waves, is also suggested by the present S-wave 
study. The effect of the low velocity layer beneath the 
oceanic lithosphere is demonstrated by offsets of travel 
times’. This is the case for S waves. The observed offsets are 
indicated in Fig. 2 by dotted lines. Although we could not 
obtain the V. value in the low velocity layer since it is not 
observed as an apparent velocity, the thickness of the 
low S-velocity layer is estimated to be as thin as that of the 
low P-velocity layer which was measured to be less than 
50 km (ref. 5), if we consider the travel time differences 
at the observed offsets. We conclude that the oceanic upper 
mantle at the Western Pacific mainly consists of 4.9 km s~’ 
layer, except for the uppermost 4.6kms™ layer with a 
probable small thickness and the low velocity channel which 
also has a small thickness. The depth of the bottom of the 
4.9 km s~ layer was not known accurately. 

The V. value of 4.9 km s™ sets an important limitation on 
the candidate minerals which could make up the oceanic 
upper mantle. M. Kumazawa has measured Vp and Vs for 
the various minerals which have been considered as com- 
ponents of the oceanic upper mantles, under various tem- 
peratures and pressures (personal communication). A 
description of the pressure at the lower part of oceanic 
lithospheres has thus been obtained, although some 
ambiguities which are mainly effects of temperature and 
pressure, have been introduced. A three-component 
composite rock—-the most probable composition for the 
oceanic lithosphere—is assumed (see Fig. 4). 

Figure 4 indicates that pure olivine, pure pyroxene or a 
mixture of olivine and pyroxene fails to meet the seismo- 


Fig. 3 Apparent velocities obtained from Fig. 2. Only shallow 
earthquakes with focal depths less than 40 km are used to obtain 
an average velocity of 4.88 +0.12 km s~. ©, @ and $W as for 
Fig. 1; broken circles are less reliable, data are probably con- 
taminated by a possible inclusion of offsets in the span of the 
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logically-obtained values, unless an impossible temperature, 
such as lower than 250°C, is assumed. Therefore, a con- 
siderable amount of garnet is necessary to explain the high 
velocities of P and S, despite the fact that garnet has not 
been widely accepted to be a major component of oceanic 


lithosphere (except by lto). The content of garnet in — S 


the lower part of lithosphere is also suggested by Fig. 4 to | 
be probably more than half, possibly 60 to 80% of all the. 

minerals present, under any assumption of. temperature 
which has been generally accepted, that is 500-1,000 °C. < 


Although the finer structure of the lower part of the : 


oceanic lithosphere has not been elucidated in this study, a 
probable mechanism to compensate for the increase of Vy: 
and V, due to higher pressure towards the bottom of the 
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Fig. 4 Seismic wave velocities of the three-component composite 
rock at a pressure of the top of the high velocity layer m the 
oceanic lithosphere, for various conditions of temperature. The c- 
postulated components are garnet [70% pyrope (Mg,Al,Si,O4.) 
+30% almandine (Fe,Al,Si,0,,)], pyroxene [90% enstatite: ~ 
(MgSiO ;)+ 10% ferrosilite (FeSiO ;)] and olivine [90% forsterite 
(Mg,SiO,4)+ 10% fayalite (FeSiO,)}]. The measured velocities, . 
8.644+0.13 kms for Vp (ref. 4) and 4.88-0.12 kms? for 
V,, from ocean bottom seismometry are also shown, i 


oceanic lithosphere by the decrease of Vp and V, due to 
increase of temperature has been suggested, which results in 
the fairly uniform values of Vp and V, for a wide range of 
depths, that corresponds to a wide range of the epicentral 
distances (Fig. 3). 

Another layer of 4.9kms™' which lies beneath the low 
velocity layer, may also be accounted for by the identical 
garnet-rich rock because of a similar compensation. But 
uncertainties of high temperatures and: pressures effects in 
the range obstruct any definite interpretation. 

We are planning another experiment in which OBS 
array will be placed perpendicular to that of the present 
study, which means an array perpendicular to the local 
magnetic anomaly: this should show whether or not Vp and 
V, values larger than 8.6-4.9 kms™ can be obtained. 

We thank Dr K. Ito for helpful discussions. 
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Uranium series ages and late 
Quaternary uplift in the New Hebrides 


CurRENT interest in geodynamics has stimulated research 
into late Quaternary uplift rates of the Earth’s crust 
from uranium series age determinations of elevated coral 
reefs’. Of particular interest is the subduction rate of 
the Australian Plate beneath the New Hebridean Island 
Arc along the New Hebrides Trench (Fig. 1) derived 
using the uplift rate of a pre-subduction lithosphere flexure 
near the south-zastern Loyalty Islands‘. We report here 
seven uranium series ages of elevated coral reefs in the 
New Hebridean Islands in the hope that estimates of 
uplift rate in the island arc will provide additional con- 
straints for Quaternary plate-tectonic models. 

The history of the New Hebridean islands since their 
formation in the Oligocene is relatively well known“ 
Before the Pliocene, the rocks deposited were largely 
basalt and volcaniclastic sediment. In the late Pliocene 
substantial deposition of reef limestone became common‘, 
especially in the eastern and western belts of the archi- 
pelago indicating slow sinking of most of the archipelago 
for 1 or 2 Myr. Since about the mid Pleistocene, however, 
many islands of the group rose progressively above sea 
level, as is indicated by flights of raised reefs along their 
coasts. 

Raised reef sequences have been described on Male- 
kula", Pentecost’, Efate’, and Malo Island’® (Fig. 1). The 
general appearance and sedimentary analysis of the reef 
capped terraces on Malekula suggest that they were 
formed by transgressive-regressive cycles, probably result- 
ing from eustatic sea-level oscillations, combined with 
continuous uplift of the coastal section concerned’. Similar 
models, supported by uranium series age, have been 
advanced for raised reefs on Barbados", the Ryuku 
Islands’, the Huon Peninsula of New Guinea’ and 
Timor and Atauro in the Banda Arc’. 

The ages presented here are from samples collected 
(by G.N.) on Efate and Malo Islands during May 1974. 
The raised reefs form good topographical features but they 
are rarely well exposed and road cuts are the best 
collecting sites. Heights were estimated by two pocket 
altimeters and these readings are consistent with contours 
of the 1: 100,000 topographical maps published by the 
Institute Geographique National, Paris. Radiometric 
analyses have been carried out (by H.H.V.) using methods 
previously described’. The results are shown in Table 1. 

Although only a limited number of the elevated reef 
terraces yielded coral samples suitable for age determina- 
tions, all terrace levels recognised in the field are indicated 
in Table 1, to aid in the interpretation and correlation 
of dated terraces. The ages were calculated from the 
measured *°Th/?"U ratios, assuming initial isotopic activity 
ratios: of *“U/"U = EIS ‘and “Ta/"U = 0t The 
Th present in the corals was negligible, and no corrections 
have been made for possible secondary addition of common 
Th. 

On Malo Island, 40km north of Malekula, five raised 
reefs are gently tilted to the east”. Four of these raised 
reefs are present along an east-trending track near Ana 
settlement and ,two raised reefs have provided ages. 
Another sample, Mal, collected from a track between 
Abountari settlement and Pic Malo is probably the same 
age as the highest raised reef on the Ana sequence. 
Unlike Malo, North-West Efate is cut by several late 
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Quaternary faults which trend westerly and north-westerly”. 
A Holocene raised reef is mapped’ and above this at 
least three raised reefs are recognised on air photographs 
between Creek Ai and the air strip. One of the samples 
(Efate X) is from the much dissected highest raised 
reef and samples Efate 235 and Efate 180 from north-west 
of Port Havannah, lie adjacent to a late Quaternary fault 
on the ‘upthrow’ side. Because of poor exposures and late 
Quaternary diastrophism, then, correlation of raised reefs 
developed in the New Hebrides is not yet possible. Also 
using altimeters for height measurement can lead to 
significant errors. Age assignment to undated raised reefs 
on the basis of sea-level maxima recognised elsewhere is 
therefore not reliable, and has not been attempted here. 
There is little doubt, however, that the terrace represented 
by Malo LT-1l and Efate 20 corresponds to reef com- 
plex I of Huon Peninsula, dated at 5,000 to 9,000 yr". 
Similarly, the raised reefs represented by samples Efate 330 
and Mal, both dated at 134,000 yr, and Efate X and 


Efate 235 both dated at about 120,000 yr may well cor- 
respond to sea-level stands VIIa (140,000 yr) and VIIb 
(120,000 yr), respectively, of Huon Peninsula™™. The ages 
of Efate 330 and Mal are judged to be more reliable 
than those of Efate X and Efate 235, on the basis of 
mineralogical criteria used in the evaluation of dated 





























































































































































































































































































































Fig. la, Distribution of islands in 
the New Hebrides and the position 
of the New Hebrides Trench and 
the Loyalty Islands. b, Location of 
traverses A and B on Malo Island. 
cĉ, Location of sample localities, 
traverses C, D and E, raised reefs 
and late Quaternary faults. 
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Table 1 Raised reef elevations and radiometric ages of dated samples 
Elevation 
of terrace Calcite* U Age 
Traverse (m) Sample no. (0A (p.p.m.) Usya Thyen {x 10° yr) 
Malo 
A 94-984 
49-55 Malo LT-4B <2 2.57 1.08 -+0.03 0.43 +0.02 60-44 
35-41 
17 
45 Malo LT-1 <2 2.47 1.15+0.03 0.035 +.0.004 4+0.5 
B 96 Ma | 3 2.56 1.10+0.02 0.72 +-0.03 134-410 
Efate 
C € 1 Efate X 5 2.37 1.08 +0.02 0.67 -+0.02 11847 
č 
c 40 
6 
D c 140 
c 100 
72 Efate 235 <2t .80 1.09 4-0.02 0.68 -+-0.02 120-7 
55 Efate 180 <2 2.20 1.12+0.01 0.53 +0.02 8144 
c 40 
6 
E c 230 
c 170 
c 130 
Efate 330 <2 2.94 1.13 -+0.02 0.72 4.0.02 13448 
c 7 
c 45 
6 Efate 20 <2 2.56 1.12 +4-0.02 0.066 -+-0.005 7-0.6 
The errors shown are based on counting statistics (+ Io). 


*Based on X-ray diffraction analysis of representative coral sample after mechanical cleaning with dentist drill and/or ultrasonic vibration. 


+Range in elevation between front and back of terrace. 
{Contained void filling micrite cement before clean-up. 


nH. Efate X and Efate 235 may be suspect, the 
former because of. its. relatively high calcite content, 
suggesting incipient. recrystallisation, the latter because 
it contained some secondary micrite cement which may 
not have been completely removed during the mechanical 
clean-up procedure. Furthermore, a distinction between 
the two age groups solely on the basis of radiometric 
ages may not be warranted, considering that the ages 
are not significantly different at the 95% confidence 
level. Two separate and stratigraphically well defined 
transgressions at 134,000 yr and 119,000 yr have also been 
recognised on the island of Atauro, north of Timor’, 
supporting the view that the ‘125,000 yr sea-level stand’ 
may in fact be the mean of two closely spaced, yet separate. 
stands of roughly the same elevation, the recognition of 
which depends on uplift rate and/or stratigraphic definition 
of a given raised reef sequence’ ®", 

Because our data are limited, with only one age deter- 
mination per individual terrace site, or none at all, we are 
not yet prepared to discuss the fine structure of palaeosea 
level in the New Hebrides over the past 140,000 yr. The ages 
given here for several of the raised reefs are useful, how- 
ever, as they provide a more realistic time base for the late 
Pleistocene tectonic history of the area than has so far been 
available. For example, previous age estimates of the raised 
reefs on Malekula were obtained by assuming that the 
highest of the six tilted raised reefs present corresponds to 
the interglacial following the first cold period of the Pleisto- 
cene, hence it should be ~2 Myr old. with the ages of the 
other raised reefs, in descending order, calculated to be 1.8. 
1.5, 1.0, 0.6 and 0.4 Myr on the basis of a steady uplift rate’. 
Mallick and Neef’ considered these age estimates far too 
old in comparison with the eustatic sea-level data from 
dated raised reefs on Huon Peninsula, a view which is sup- 
ported by our much younger ages for terraces of similar 
élevation on nearby Malo Island, lying only 40km from 
north-west Malekula. 

The question of uniform or non-uniform uplift rate with 
timeat a given location cannot be resolved without further 
field work and additional age determinations in the New 
Hebrides. 


samples’: 


We propose that the mean uplift rate over the past 
140,000 yr was at least 0.67 m per 1,000 yr on Malo, and 
between 0.55 and 0.77 m per 1,000 yr on North-West Efate— 
based on the data shown in Table 1 and the best estimates 
of palaeo sea levels at 120,000 and 134,000 yr (refs 2, 17): 
These values are not substantially different from those’ 
determined by similar methods in other active island arcs 
and orogenic belts along zones of lithosphere plate con- 
vergence” t> but significantly higher than the uplift 
rate of 0.13 m per 1,000 yr estimated for the pre-subduction 
bulge west of the New Hebrides Trench‘. 

We thank Dr D. I. J. Mallick for advice on potential 
sample locations and Mrs G. Halliday for drafting Fig. 1. 
Financial assistance to G.N. was provided by the University 
of New South Wales and the Mine Managers’ Association. 
of Broken Hill and to H.H.V. by the Australian Research 
Grants Commission. 
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New evidence and possible 
origin of native iron 
in ophiolites of eastern Canada 


THERMOMAGNETIC analysis has been used to detect traces of 
submicroscopic elemental iron in four bodies of Early Palaeozoic 
oceanic metabasalt (Fig. 1). The initial finding of iron in 
Newfoundland ophiolites' is believed to be the first terrestrial 
discovery of native ferromagnetic metal through magnetism. A 
few rock samples in these four areas have unusually high Curie 
points indicating pure or nearly pure iron. In one basaltic pillow, 
previous magnetic evidence? was confirmed by electron micro- 
probe showing very fine Fe particles embedded in chlorite. We 
propose that such particles formed by reduction of olivine under 
water and became trapped in the chlorite host. Although native 
iron seems rare on Earth**, further suboptical discoveries through 
rock magnetism may be predicted. Such findings could prove 
valuable in identifying ancient oceanic crust generated in a 
reducing environment. 


Newfoundland 





Fig. 1 Ophiolites and related rocks in Quebec and Newfoundland. 

A. Asbestos: BI. Bay of Islands: BV, Baie Verte: G. Gander River: 

MB. Ming's Bight: ©., Orford: P. Pilleys Island. Bodies in which 

native iron was identified are numbered: 1. Thetford Mines: 2. Betts 
Cove: 3. Hare Bay: 4. Moreton’s Harbour, 


The Thetford Mines* and Betts Cove ophiolites (Fig. 1. areas 1. 
2)areclosely similar’. The former is middle Cambrian or older and 
was emplaced in the early Ordovician*, while Betts Cove may have 
originated and been emplaced somewhat later”. The early 
Ordovician!” '! transported ophiolite at Hare Bay (area 3) lacks 
gabbro and sheeted dikes. At Moreton’s Harbour (area 4) an 8-km 
thick volcanic sequence is attributed'* to Ordovician island are 
volcanism. No iron has been detected outside of areas 1-4. nor in 
gabbros or ultramafics. 

Curie points (7¢) were obtained from curves of high-field 
magnetic moment plotted against temperature (M-T). Powders 
were heated in vacuum? or air'? to 800 or 900 C (Fig. 2a. ce). 
Also initial susceptibility variation with temperature (K-T) of 
whole rock was measured in air'? (Fig. 24). Iron contamination 


‘magnetisation of magnetite (4.80 x 10° A m 
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can be ruled out as all specimens were prepared by rigorously 
avoiding contact with ferromagnetic materials. 

Two of the heating curves (Fig. 27. b) indicate magnetite. but all 
aay high Tọ valuesinthe range 755-775 C. Thiscorresponds 

o! the Curie point of g-iron (770 C) or of iron alloyed with less 
fae 5% nickel (770-750 C). The trends of the irreversible curves 
obtained in air seem to be better explained by oxidation of iron. 
initially to magnetite, than by x, y phase transitions? *. Figure 2c. d 
resembles curves for lunar samples which likewise may have been 
oxidised. though heated in a vacuum!®!”. The smaller saturation 
H) than of iron 
(17.0 10° A m7!) is consistent with this. Sull. some samples 
became more magnetic upon cooling (Fig. 2/.c). Lunar samples 
(see ref. 17) show similar variations which suggest that grain-size 
effects are important. The large susceptibility increase on cooling 
in Fig. 2b may be due to superparamagnetic magnetite produced 
by heating the iron!’ 

Table | shows values of natural remanence. suscepubility and 
Koenigsberger ratio of Thetford Mines pillows. For any pillow 
zone the mean values are respectively three. one and two orders of 
magnitude less than world-wide averages for young drilled deep- 
sea basalts'!®, Low. widely variable Koenigsberger ratios (0.5 to 
0.001) predominated also in Newfoundland. Very unevenly 
distributed secondary magnetite and/or iron could account for 
these findings. 

Estimated elemental iron in samples does not exceed a few tenths 
of one weight percent. At Thetford Mines. iron was detected in 13 
out of 51 thermomagnetic analyses made on 14 pillows (Table 1). 
with mean Curie point 756+4 C (standard deviation). In New- 
foundland, 28 samples each had yielded at least one M- T curve 
showing significant iron (total $6 analyses). Mean Curie points 
are: Betts Cove pillows, 76011 C (15 samples): Betts Cove 
dikes. 759+7 C (four samples): Hare Bay pillows, 761411 C€ 
(six samples): Moreton’s Harbour pillows. 750+5 C (three 
samples). Three reliable K- T curves. for Hare Bay (Fig. 24) and 
Betts Cove. gave Te = 760-775 C. 

At Laval University a Thetford Mines pillow that had produced 
M-T curves similar to Fig. 24 was shown by electron microprobe 
to contain small (<5 um), lamellar particles of 96-98%, pure Fe 
also chalcopyrite, sphene. magnetite and chromite. The opaques 
occur as minute inclusions in the fractures of former olivine 
microphenocrysts entirely pseudomorphosed by magnesian- 
chlorite. A single iron particle was just large enough to ie seen 
with the reflecting microscope. In four samples from areas 2-4 in 
Fig. | having ‘iron’ but not ‘magnetite’ Curie points. microprobe 
analysis showed abundant sulphides, also sometimes limonite. 
hematite. iron oxyhydroxides or sphene, but neither magnetite nor 
Fe. This is compatible with the presence of extremely fine-grained 
iron. 

Terrestrial nickel and iron has been described from less than 24 
localities’ * where nickel-iron containing 65-75%, Ni always 
occurs only in serpentinised ultramafics, Nickel-poor ironi > 90%, 
Fe). however. usually occurs in mafic rockòt!° 77. A second 
significant fact is that. wherever we inferred iron, the pillow lava or 
dike rock has undergone greenschist metamorphism. The pillow 
lava is of two types**. a dark spilitised metatholeiite rich in chlorite 
anda light green olivine metatholeiite rich in actinolite and chlorite 
pseudomorphs. At Thetford Mines. but not Betts Cove, native 
iron seems to be confined to the olivine metatholeiites*. 





Table { Magnetic properties and ferromagnetic constituents according to pillow zones (Thetford Mines, Quebec) 





Pillow zone n J (x107 °A m~t) 
Range Mean 
Margin 15 1.15-4.25 1.95 
Intermediate 22 0.56-3.26 1.42 
Core l4 0.78-4.41 1.81 


Range 


Kix4zx 10°) 


Mean Range Q, Mean Ney Hye 

-3 45.2 0.03-0.13 0.05 15 0 

19.9- 35.9 31.1 0.05-0.14 0.08 22 9 
3 25.0 0.07-0.27 0.12 l4 4 





n, No. of whole-rock specimens (total 51) cut from 14 samples of pillow lava: J,. intensity of NRM: K, initial susceptibility: Q, = Ja KH. natural 
Koenigsberger ratio, where H is the Earth’s present field. Geometric means are quoted. One powder per whole-rock specimen was prepared for 
thermomagnetic analysis to identify the magnetic constituents (Fig. 2a. ref. 2): 7ye Ape number of analyses indicating magnetite or (additionally) iron. Note 


that magnetite is inferred in all powders. 
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Fig. 2 Thermomagnetic curves for pillow lava from areas J—4 (Fig. 1), normalised to 25 C before heating. Specimens were heated and cooled inva 
vacuum of 10 ? torr (a) or in air(h-c). b, K- T curves (see text) for whole rock fragments up to | cm diameter. measured ina peak field H = 0.031 mT. a. 
ce are M-T curves for coarse powders up to | mm, measured in fields of 0.10-0.13 T. Curie points ( To 
quotedto5 C.a. Thetford Mines, intermediate zone of pillow A (Table 1. ref. 2), showing two-component M- Tcurves. T. = 580 C.755 C, h. Hare 
Bay. intermediate zone of pillow HB I, showing two-component K-T curves: T595 C.770 `C. c, Hare Bay, intermediatè zone of pillow HB 1, M-T 
curves. T, = 770 C. d, Betts Cove. core of pillow BC 9. M-T curves. T, = 775 C. e. Moreton’s Harbour, small pillow MH 33. M-T curves: 
T.=755 C. ; 


The iron could have originated (1) as dusts with magnetite in the 
rock ground-mass : (2) as reaction product between magnetite and 
iron sulphide in the ground-mass: or (3) as by-product of 
alteration of the olivine microphenocrysts. Mode (1) was not 
confirmed by microprobe and in any case the tiny, unprotected 
iron particles would have been rapidly oxidised. Mode (2) also 
seems unsupported since the iron identified by microprobe occurs 
without sulphide-magnetite: in the Newfoundland samples Fe 
tends to occur without magnetite; the association sulphide- 
magnetite is frequent in basalts while native iron is rare. 

Alternative (3) assumes a paragenetic relationship between 
olivine and native iron. During serpentinisation of olivine, iron- 
related redox mechanisms may have controlled the formation in 
serpentine of magnetite and nickel-iron in equilibrium‘. Serpen- 
tinisation itself might generate a highly reducing environment by 
the dissociation of water to provide the oxygen required to form 
magnetite, thereby releasing hydrogen**?*. The same process can 
tentatively be applied to chloritisation of olivine in our rocks. The 
equilibrium assemblage resulting from the reaction 


forsterite + fayalite + alumina + water + magnesian chlorite 3 

+ magnetite + iron + quartz + hydrogen i 

6. 

would comprise the minerals that actually replaced the olivine K 
phenocrysts in the pillow lava. With sufficient hydrogen the a 


magnetite can be further reduced to iron and water, which may 


explain its paucity in Newfoundland samples. The iron en- |? 
capsulated in chlorite crystals would be protected against oxid- is 
ation as long as the chlorite remained unaltered. 16 
If this explanation is correct. then elemental iron should occur 17 
„also in rocks of similar genesis elsewhere: for example. Curie 5 
points suggesting Fe have been reported? from the greenschist 20 
facies of Archaean metavoleanics. Because of typically minute ah 
grain sizes, rock magnetism remains the most promising method a 
for discovering native ferromagnetic metal. 25 
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Mesozoic sea floor off 
Dronning Maud Land, Antarctica 


Tune accreting margin between the African and Antarctic plates 
is now well understood between the Bouvet triple junction and 
Marion Island (Fig. 1). Published data obtained from the ridge 
axis near 1°W?, 15°E*, and 36°E* can be combined to yield 
a relative rotation pole at 11°N, 41°W with an equatorial half 
spreading rate of 0.8 cm yr~'. Away from the spreading axis, 
very little is known apart from a narrow region to the north in 
the Mozambique Basin where Bergh and Norton? have shown 
that the present spreading regime commenced at least as far 
back as the Late Cretaceous. This is the only region where 
transform fault traces have been extended for more than 
100 km from -the spreading centre and where magnetic 
lineations have been related to the present tectonic pattern. I de- 
scribe here a group of lineations recently mapped in the Antarc- 
tic Basin off Dronning Maud Land, interpreted as being due to 
sea floor generated at the South-west Indian Ocean Ridge in the 
Early Cretaceous. 

Two curtailed excursions in this area were carried out 
during the summers of 1976 and 1977. Figure 2 shows magnetic 
anomalies plotted perpendicular to ship’s tracks. Anomaly 
identification was made by projecting the profiles on to 30°E 
(Fig. 3) and comparing with simulated profiles based on the 
reversal timescale of Larson and Hilde*. The Mesozoic 
sequence M-1 to M-9 (113 to 121 Myr.) is considered to be well 
matched, with M-2, M-4 and the diminutive M-6 showing up 
clearly. A spreading rate change from 2.0 to 1.5 cm yr@ at 
anomaly M-5 time is apparent from the matching to the two 
theoretical profiles in Fig. 3. Anomalies older than M-9 are 
included only tentatively in the present interpretation. 

The area surveyed is characterised by a generally featureless 
bottom topography with the regional depth sloping from 4 km 
at about 68°S to 5 km at 64°S. Limited seismic reflection 
profiling has revealed a flat-lying acoustic basement with sedi- 
ment thickness of about 1.6 s of double travel time. A striking 
basement outcrop of up to 2 km above the surrounding sea 
floor is indicated by linement F in Fig. 2. Its strike of 30°, 
based on three crossings, is exactly perpendicular to the mean 
azimuth of the observed magnetic lineations. Sea-floor depth 
is distinctly different on either side of this presumed fracture 
zone and is consistent with the expected older sea floor being on 
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Fig. 1 Survey area (stippled) in Antarctic Basin. The South-west 
Indian Ocean Ridge and its junction with the Mid-Atlantic Ridge 
are shown schematically by double lines (sections of spreading 
ridge) and single lines (fracture zones and active transform 
faults). B, Bouvet Island; M, Marion Island. 
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the eastern side. A major west-facing fault scarp between 30° 
and 33°N in the Mozambique Basin, associated with Late 
Cretaceous spreading? along the South-west Indian Ocean 
Ridge, is approximately co-polar (rotational) with fracture 
zone F, and has a similar depth contrast (500 m) across it. 
This is greatly in excess of calculations based on depth against 
age of ocean floor and could be related to a spreading style in 
which the two inward-facing walls of a deep transform fault 
crack move in opposite directions. The minor lineament f in 
Fig. 2 marks the eastward termination of identifiable magnetic 
anomalies, as indicated on profiles D and E in Fig. 3. 
Magnetic anomaly and fracture zone trends reported here are 
consistent with their being initiated at the presently active ridge 
near Marion Island. More data will, of course, be required 


64+ 
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Fig. 2 Total field magnetic anomalies plotted perpendicular to 
ship’s tracks after removal of International Geomagnetic 
Reference Field. Positive anomalies in black. Lineaments F and 
f were based respectively on a prominent basement ridge and the 
eastward termination of identifiable anomalies. Portion S—S’ 
of profile C was surveyed during a magnetically disturbed period. 
Navigation by satellite and VLF Omega. 


between the ridge and the M-sequence of anomalies before an 
unequivocal tie-in can be demonstrated. In Fig. 4 anomalies 
M-1 to M-9 as well as the lineaments F and f have been rotated 
by 20.5° about the present Africa—Antarctica rotation pole to 
bring anomaly M-1 close to the the active accreting margin. 
Fault scarp F is nearly co-linear with the first fracture zone 
to the west of the Prince Edward fracture zone while lineament f 
coincides with an area of present dubious ridge signature which 
Bergh and Norton® suggest might be an incipient transform 
fault. The ridge sections shown in Fig. 4 are based on data 
obtained subsequent to that included in their paper. The short 
section across 36°E is almost orthogonal to the Prince Edward 
fracture zone and is separated from the definitely oblique 
section (37-38°E) by a nearly 50-km wide region where no 
central magnetic anomaly is apparent. The close correspondence 
between present and Mesozoic spreading might be fortuitous— 
it might also point to a persistent localised upper mantle 
property. 
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Fig. 3 Magnetic anomalies projected 
on to assumed spreading direction 
(Profiles A to E) and theoretical 
profiles for half spreading rates of 1.5 
and 2.0 cm yr7}. Simulations and 
anomaly numbering were based on 
the Larson and Hilde* reversal time- 
scale with two-dimensional blocks of 
magnetised (1000-nT) sea floor trend- 
ing 120° between depths 4.5 and 5.0m. 
Vertical bars on profiles Dand E mark 
the termination of identified ano- 
malies and form the basis for the 
lineament f in Fig. 2 


As a working hypothesis, it is reasonable to assume that 
rifting along this segment of the ridge has proceeded in a 
remarkably stable way since the Early Cretaceous. Spreading 
rates have varied considerably and sections of ridge have 
changed orientation? but the average pole describing the 
relative plate motion is very close to the present pole. Extra- 
polation of the Mesozoic spreading rate and direction back to 
the 2-km isobath.off Dronning Maud Land dates the onset of 
spreading as roughly 150 Myr. or Late Jurassic. This slightly 
pre-dates estimates*' of the initial rifting of eastern Gondwana- 
land and is in very good agreement with the proposed early 
separation rate® for that region. 

This work was supported by the South African National 
Committee for Oceanographic Research. The M.V. RSA was 
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Fig. 4 Anomalies M-I to M-9 and lineaments F, f rotated anti- 

clockwise by 20.5° about the present Africa~Antarctica relative 

rotation pole at IIN, 41°W. Four sections of presently 

accreting plate margin are shown as thick double lines and the 

lineas of vees represent fracture zones mapped by Bergh and 
Norton’. M, Marion Island. 
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Unusual diatom off the coast of 
south-west England and its effect on fishing 


AN unfamiliar diatom was observed in the local townettings 
taken by research vessels of the Plymouth Laboratory towards 
the end of January 1977, It was a large member of the genus 
Coscinodiscus, but a species not previously known in the 
English Channel. The mucilage produced by this diatom was so 
abundant as to restrict trawling in some areas off Plymouth. 
The valve pattern of the diatom resembled that of some forms 
of Coscinodiscus concinnus Wm Smith! with the valve having a 
clear centre, but the diameter was greater than that recorded for 
C. concinnus in the English Channel. It was unlike any other 
species of Coscinodiscus recorded for the western English 
Channel in that the 50-um deep valve mantle met the valve face 
at right angles. As the valve itself was almost flat the diatom 
had a markedly rectangular outline in girdle view. A search of 
the literature showed that this diatom was probably Coscino- 
discus nobilis Grunow. Our material agrees essentially with the 
description and illustration of C. nobilis given by Simonsen? 
and it agrees with the material of Grunow designated. as 


lectotype by Simonsen®. Grunow® described this species from 


the Java Sea and it has only otherwise been recorded from the 





Indian and Pacific Oceans®, although there are two doubtful 
records from the east coast of England® and one from 
Heligoland’. 

As the diatom was apparently increasing in numbers near 
Plymouth sampling was initiated in which 10 | samples were 
poured through a townet of 170-um mesh and the trapped 
diatoms counted. The diatom was successfully cultured in the 
laboratory and it divided every 2 d at 18 °C and every 3 d at 
13 °C. In culture this diatom produced much more mucilage, 
which collected on the bottom of the culture vessel, than other 
species of Coscinodiscus we have cultured in similar conditions. 
Workers on our research ships complained that townets were 
becoming clogged with mucilage during sample collection. 

During a hydrographic and biological cruise in the western 
English Channel on 19-21 April, the distribution of the diatom 
was plotted front townet samples (Fig. 1). On 1 May 1977 
Dr A. J. Southward took a sample from 48°13’N, 08°11’W 
which was rich in this diatom, showing that it was abundant 
further west than we had sampled. 

By the end of April the Fishery Officer at Plymouth was 
receiving complaints from the Plymouth fishermen that their 
trawls were becoming clogged or broken by a very heavy grey 
slime. The slime made hauling difficult and prolonged washing 
or air drying did not completely remove it. The slime was most 
prevalent on the sea bed in areas where the unusual diatom was 
most abundant. 

Light microscopy showed that the slime was heavily loaded 
with clay particles and the insoluble remains of plankton 
organisms, such as the skeletons of silicoflagellates. The slime 
and the mucilage from the diatom were shown to be of the same 
chemical structure, 

The diatom had reached high numbers for a cell of this size 
and had produced copious mucilage which, in sinking, had 
accumulated the insoluble skeletons of plankton organisms and, 
on the sea bed, had collected mineral particles which increased 
its volume and density. From our cultures we estimated that 
for a given volume of cells, there was two to three times the 
volume of mucilage present. Counts from seawater samples 
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Fig. 1 Distribution of Coscinodiscus nobilis Grunow in the western 
English Channel, 19-21 April 1977. Shaded area, C. nobilis 
present in townet samples. @, Stations worked. 
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taken off Plymouth were about 100 cells per | for several weeks 
in April. As the water column was completely mixed at that 
time, we assume that the diatoms were distributed through the 
whole 50 m of the water column. With a mean cell volume of 
0.01 mm? per diatom, 150 ml of slime could accumulate on each 
square metre of seabed. The slime would be concentrated in 
certain areas of the seabed by tides and the act of trawling 
would also accumulate it until it caused inconvenience to the 
fishermen. If a trawl with a 16 m spread were towed at 3 knots 
for 1 h it could sweep up about 5 m? of slime. Even if more than 
half the slime passed through the net the accumulation on a 3-h 
tow would be considerable. Furthermore, although slime would 
pass through the net initially, once it had started to adhere to 
the meshes the percentage retained would increase rapidly. The 
volumes given here are minimal as the calculations are based on 
the mucilage produced by the diatoms and the accumulation of 
large quantities of bottom material in the slime would 
considerably increase its volume and density. 

There are two published records of exotic diatoms appearing 
in European waters and forming a major part of the phyto- 
plankton. Biddulphia sinensis Grev. was described from the 
China Sea* and its first arrival and subsequent spread was 
recorded’. This species is now a prominent contributor to the 
winter and spring phytoplankton of the western English 
Channel. The second species, Pleurosigma_ planctonicum 
Simonsen, was first described? from the Indian Ocean. Simonsen 
collected his material in 1964-65 and we found this species in 
the western English Channel in 1966 (ref. 10). Pleurosigma 
planctonicum became dominant in the Plymouth area in 1973 
and is still present in the English Channel, although its 
occurrence is sporadic. In neither case were there any reported 
effects other than the displacement of native species by the new 
arrivals, 

We cannot offer an explanation as to how Coscinodiscus 
nobilis reached the English Channel. By mid-May, numbers had 
declined, although the species had not completely disappeared, 
and, by the end of May, there were no reports of slime clogging 
nets. Whether this diatom together with the inconvenience to 
trawling caused by its mucilage will become a regular feature of 
the spring phytoplankton in the English Channel remains to be 
seen. 

We thank Dr Elizabeth Percival of Royal Holloway College, 
London, for analysing the mucilage and slime, Mr C. Knott and 
the crew of R.L. Gammarus for taking samples, Dr A. J. 
Southward for samples from RRS Shackleton and Mr W. 
Williams, District Fishery Officer, Plymouth, for information 
on the occurrence of the slime on the fishing grounds. 
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Pattern regulation and transdetermination 

in Drosophila imaginal leg disk reaggregates 
WHEN Drosophila imaginal disk tissue is cultured in vivo‘, the 
proliferating cells can adopt new fates within the limits of a 
single disk (‘pattern regulation’**) or may even produce 
structures normally derived from a different disk (‘trans- 
determination"). Much of the pattern regulation occurring in 
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imaginal disk fragments may be controlled by interactions 
between cells that come together during wound healing®-. 
I report here further studies on the role of cell interactions in 
pattern regulation and transdetermination, by means of dissocia- 
tion and reaggregation of specific disk parts. The data confirm 
the importance of cell interactions for pattern regulation, and 
suggest that interactions between cells with large positional 
disparities may also be crucial for the stimulation of trans- 
determination. 

We have previously studied pattern regulation and trans- 
determination in non-dissociated male foreleg disk quadrants 
(ref. 6 and unpublished results), and in identical fragments 
which were dissociated together with an excess of heavily irra- 
diated wing disks (‘feeding layer?) and then cultured as ‘mixed 
reaggregates’®. 

In intact fragments, distal transformation’ (as judged by 
the regeneration of claws, which represent the distal tip of 
the adult appendage; Fig. la) occurred only in UM- and, 
with a lower frequency, in LM~ quadrants (Table 2; for abbre- 
viations see Fig. 1), whereas in mixed reaggregates, cells from all 
four quadrants frequently underwent distal transformation. 
Furthermore, although among the intact fragments only the 
UM (> quadrants transdetermined, cells from UM © and UL 
quadrants underwent extensive transdetermination in mixed 
reaggregates. Since LM‘~) and LL‘~) cells failed to transdeter- 
mine in either situation, the hypothesis was advanced that only 
certain cells in the upper half of the male foreleg disk are capable 
of transdetermination™ (Fig. 16). The more frequent distal 
transformation and transdetermination in mixed reaggregates 
could not be explained, however. It seemed possible that the 
initial destruction of the tissue organisation had caused both 
events, but L show here that they were stimulated mainly by 
interactions of the leg disk cells with ‘feeding layer’ cells present 
in the mixed reaggregates. 

Drosophila male foreleg disk quadrants were dissociated, 
reaggregated, and cultured as ‘pure reaggregates’ (that is, 
without ‘feeding layer’). In each experiment 120 quadrants 
(lacking most of the presumptive tarsal material; Fig. la) from 
third instar disks were dissociated with a microstirrer in a 
0.05% trypsin solution’. The degree of dissociation varied as 
reported earlier", clumps comprising up to about 20 cells 
occurring regularly. The reaggregated cell mass was divided and 
injected into fertilised adult females and cultured for 8d at 
25 °C. The implants were then transplanted into host larvae for 


Fig. 1, a, Simplified fate map of the 
Drosophila male foreleg disk (after 
Schubiger'*). Leg segments: PT, 
prothorax; CX, coxa; TR, tro- 
chanter; FE, femur; TI, tibia; TA, 
tarsus. Cuticular landmarks: A, 
groups of sensilla trichodea (Stl, 
St8, GSt, StS, RSt); ©, groups of 
sensilla campaniformia (Scl, Sc5, 
Sc11, Sc3, Sc8); @, single con- 
spicuous bristles (BH ~, EB), or sex 
comb teeth (Sct); JTr, JTh, joints; 
Tvr, transverse rows of bristles; Cl, 
claws. — — —, location of cuts. 
UM. LM-, LL-, UL-, upper 
medial, lower medial, lower lateral 
and upper lateral quadrants, res- 
pectively, lacking their correspond- 
ing ‘endknob’ parts (which contain 
most of the tarsal material'':!*). 
UM‘, LM‘, LL, UL‘ in the 
text indicate that experiments with 
quadrants both containing and 
lacking their ‘endknob’ portions 
had been carried out. b, Polar co- 
ordinate model specifying positions 
in the Drosophila male foreleg disk 
(modified after French et al.*), 
and approximate location of the 
cells capable of transdetermination a 
in the disk’ (hatching). 1-12, 

Circumferential positional values; 

A-F. radial positional values. 
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metamorphosis. Since most implants had to be cut into several 
pieces for this injection, the average number of larvae injected 
with material from one adult host represents a rough measure of 
the proliferative activity of the cells (Table 1). The death of 
injected larval hosts meant that a variable amount of material 
was lost in every experiment (Table 1). The differentiated im- 
plants consisted of a mass of vesicles, with each vesicle usually 
containing structures of a single leg segment. The number of 
vesicles typical for each leg segment was determined, and the 
cuticular landmarks (Fig. 1a) were scored. The implants were 
also examined for transdetermined structures. The data are 
presented in Table 1; Table 2 summarises the data available 
(refs 6, 8, 11, and this study) on pattern regulation and 
transdetermination in the male foreleg disk following different 
experimental treatments. 

The main findings for pure reaggregates are (Table 1): 
(1) Distal transformation, as judged primarily by the regenera- 
tion of claws, but also by a comparison of the number of 
vesicles per leg segment (compared with control experiments, 
Table 1b), was very rare, even in UM- reaggregates; (2) Re- 
generation of structures missing in a circumferential direction 
occurred rarely, if at all, in LM, LL~ and UL- reaggregates, 
and even in UM- reaggregates only a few cases were observed; 
(3) Transdetermination was only observed in UM- reaggre- 
gates, where two small wing-blade spots were found; (4) The 
rate of proliferation of the LL~ cells was very low, confirming 
earlier findings***. 

The rarity of both distal transformation and transdetermina- 
tion in pure reaggregates contrasts sharply with the behaviour 
of identical leg disk cells in mixed reaggregates (Table 2). The 
data indicate that the high frequency of both events in mixed 
reaggregates did not result from the dissociation procedure 
per se, but rather from interactions between leg disk cells and 
‘feeding layer’ cells. A specific effect of the irradiation of the 
‘feeding layer’ cells on leg disk cells was ruled out by experi- 
ments in which UM~ quadrants were dissociated together with 
unirradiated wing disks. Both distal transformation and trans- 
determination were frequent in such reaggregates (Table 1b, D). 
The disk type of the ‘feeding layer’ tissue was also irrelevant to 
the behaviour of the leg disk cells. In mixed UL- reaggregates 
containing either antenna disk or male foreleg disk ‘feeding 
layers’ (Table 16, B, C) distal transformation and trans- 
determination occurred frequently, and the transdetermined 
structures were almost exclusively of wing disk type, as with 
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reaggregates containing wing disk ‘feeding layer’®. It thus seems 
that cells from different imaginal disks exert similar effects on 
pattern regulation and transdetermination in intermixed leg 
disk cells. 

In pure reaggregates, the cells of all quadrants chiefly formed 
structures characteristic for their region of origin (Table 1). 
This indicates that dissociated cells and cell clumps retain their 
positional information’. The mixed reaggregates, however, 
clearly show that these cells or cell clumps can, in appropriate 
conditions, be stimulated to acquire specific new developmental 
programmes. What factors caused identical cells to behave 
differently in different experimental conditions? The polar 
coordinate model of French ef al.” postulates that pattern 
regulation in Drosophila imaginal disks is controlled by inter- 
actions among cells carrying disparate positional information’, 
brought into contact by wound healing or mechanical inter- 
mixture. Such disparities are thought to induce proliferation 
which, in accordance with specific rules, leads to the inter- 
calation of missing positional values. According to this model 
the regeneration of a complete field circumference, as well as 
distal transformation, are possible only if a blastema possesses 
the majority of the circumferential positional values. Since in 
mixed reagegregates cells from all quadrants underwent distal 
transformation, the possibility was considered that the pattern 
regulation rules might not apply in reaggregates*. The rarity 
of distal transformation in pure reaggregates (Table 1), however, 
indicates that this is not the case, and suggests that the rules 
are still followed by dissociated and reaggregated cells and cell 
clumps. (It should be noted, however, that the polar coordinate 
model cannot explain the rare cases of distal transformation in 
pure LM- reaggregates, nor the observed instances of distal 
transformation in intact LM” quadrants and lateral halves; see 
Table 2 and ref. 11.) A more likely explanation for the behaviour 
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of the leg cells in mixed reaggregates is that they interacted with 
‘feeding layer’ cells possessing non-homologous positional 
values®. In this way, complete circumferential sequences of 
positional information could be generated and allow distal 
transformation to occur. Evidence for communication between 
non-dissociated leg and wing disk tissues, resulting in the 
stimulation of intercalary regeneration® in intermixed fragments 
(highly irradiated fragments being as effective in stimulation as 
unirradiated ones?) has now been obtained (ref. 13, and 
unpublished results of P. Adler, M. Fain and S.S.). These 
findings thus support the concept of a common mechanism of 
positional specification in different imaginal disks?:*-4, 

The high regenerative potentials of intact UM~ fragments 
led to this disk region being ascribed the majority of the 
circumferential positional values? (Fig. 16). Pure UM~ re- 
aggregates, however, showed only rare regeneration (Table 1), 
a disparity which can be explained in terms of the polar co- 
ordinate model’. In intact UM” fragments, wound healing 
always juxtaposes the two radial cut surfaces**, thus creating 
the conditions necessary for the intercalation of the missing 
circumferential values (‘shortest intercalation rule’), followed 
then by distal transformation (‘complete circle rule’). In pure 
UM~ reaggregates, however, the cells have to become con- 
fronted by chance with cells showing a positional disparity 
corresponding to about half of the circumferential values, in 
order to regenerate complete circles which could then permit 
distal transformation. Clearly, the probability of such an event 
is quite small, especially since the UM region probably possesses 
only slightly more than half of the circumferential values®. In 
mixed reaggregates, however, cells from all quadrants would 
frequently confront ‘feeding layer’ cells that have sufficiently 
disparate positional values to allow the formation of complete 
circles followed by distal transformation. 





Table 1 Structures formed by dissociated and reaggregated cells of the male foreleg disk quadrants, without (a) or with (b) intermixed 
‘feeding layer’ cells, after an 8-d culture period in adults 


Quadrant ‘Feeding Size of Diff. impl. Leg structures? 
tested* layer’t grown (recov. PT CX TR FE TI TA Transdeter- 
impl.¢ rate)§ n Im n Im n Im n Im n Im n Im mination || 
(a) UM- = 4.2 26 21 GSt(S) 27 St8(11) 9 Sc5(7) 12 Sci(3) 21 Tvr(13) H Sct(24) <1% 
(49%) JTr(5) Stl(3) Scli(i) CHL) TT 
BH-G GSt(6) 
JTh ®) Sil 3 
RSt(8) C3 
Sc8(3 
EB(1) 
LM- ~ 4.5 17 10 GSt(6) 20 St8(9) 16 GSt(2) 16 Sch(1) 32 Tvyr(il4)36 Sct(440) 
(63%) JTr(4) St5(10) Sci t(8) CiS)tt 
BH ~(6) Sc3(9) 
LL- ~ 1.0 3 2 BH-@) 7 1 
(50%) 
UL- ~~ 3.2 25° 12 24 JThO) 2 Sc82) 44 53 
(78% RSt(6) EB(1) 
(b)A.LM- W** 5.3 14 4 1 1 GSi) 7 Scil(3) 11 Tyr) 41 Sct(82) 
(28%) CH216)it 
B. UL” A** 4.0 (ae 1 2 5 5 9 Cld3ytt 60% 
%) 
C. UL~ L 4.2 ee 2 Ren) 2 6 24 CISD 85% 
%) t 
D. UM- W 16.4 tt 56 6 6 30 Sct(95) 10% 
(68%) C4I)Tt 


connor en nnn yn nnn nnn nn ENR IRRRRRnRnnpnenpenenennenennenenn eemeennenemmenmnnemnemneneemeemenennanenmnenemnnensmemnntentesenieneienmmaanenenenemmmmneammmmenetl 


* Abbreviations as in Fig. la. Number of experiments performed: a, two experiments for each quadrant; b, A-D, one experiment each. Number 
of quadrants used per experiment: a, 120; bA and D, 50; bB and C, 10. Genotypes used: in a, bA and bD, equal numbers of mwh e% and 
y vf mal; bw; in bB and bC, mwh e“. 

+W, Wing disks; A, antenna disks; L, male foreleg disks. **, Disks irradiated with 17,5 Kr (ref. 8). Number of disks added: bA and bD, 20; 
bB and bC, 70. Genotypes’? used: bA and bD, y; bB and bC, y f***. 

tValue represents average number of larvae needed as hosts for the material recovered from one adult host. 

§Recovery rate represents the percentage of injected implants recovered as differentiated implants. 

"Abbreviations as in Fig. la. n, Number of identified vesicles, printed in bold. In parentheses, number of times a certain landmark (im) 
was encountered; underlining indicates that this landmark maps distinctly outside the quadrant tested. 

‘Percentage of total differentiated area occupied by transdetermined material (see ref. 8). 

+tNumber of tarsal vesicles in which claws were present and (in parentheses) maximal number of claws observed in a single vesicle: 1, UM~ 4(4); 
LM~ 2 (3); bA, 34 (16); bB, 9 (2); bC, 24 (4); BD, 22 (5). f 

ttOnly the material from 5 out of 16 adult hosts was subjected to metamorphosis. 
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Table 2 Pattern regulation and transdetermination by cells of the Drosophila male foreleg disk quadrants using different experimental conditions 





Type of cell fate alteration Experimental 


condition* 


Regeneration in circumferential direction 


v 
& 
& 


Regeneration of claws (distal transformation) 


3 
a 


Transdetermination 


DET ARPT WET 
3, 3 
2 °R 


So 
£ 
oO 


*F, Intact fragments; R, reaggregates. 
tAbbreviations of quadrants as in Fig. la. 
{The symbols —, +, ++, +++, f 
graded from — (not observed) to + -+ 
§LM~, LL 
UL”, 





of (unpublished results, and see ref. 6), 





Quadrantst,t Ref. 
UM- LM- LLE UL- 
t -51 =$ —§ 6, 1 
+ = — = 8 
+ -1 ~ - 
++ + = > li 
+++ +++4+ + +++ 8 
+ + a = 
+++ = = 3 6,11 
PrF + = = ++H++ 8 


-+ + give a rough comparison of the frequencies or extents of pattern regulation or transdetermination, 
+ (observed in very large amounts). For the exact data see the literature cited. 
~, and UL~ quadrants, instead of regenerating missing structures, produce mirror-image duplications: LM~, +++; LLT, +; 


SEM cells might be able to regenerate certain structures of the LL quadrant®. 
(Fraction of cultured quadrants (lacking their corresponding ‘endknob’ part) with claw regeneration: UM~, 14/30 (ref. 11); LM~, 3/19; 


LL~,.0/10; UL- 0/16 (my unpublished results). 


A similar mechanism could also explain the differences in 
transdetermination frequencies using different treatments 
(Table 2). According to a recent hypothesis'®, transdetermina- 
tion occurs when cells capable of it (Fig. 15), by juxtaposition 
with cells having sufficiently different positional values, are 
stimulated to a certain critical amount of proliferation. In 
intact UM (~ fragments, the fusion of the radial cut surfaces 
regularly confronts the cells capable of transdetermination with 
cells having nearly maximal disparities in circumferential values. 
The amount of intercalary growth thus induced would often 
trigger transdetermination, In pure UM ~ reaggregates, however, 
the chance for the transdetermination-competent cells to 
confront cells with positional disparities large enough for the 
stimulation of transdetermination is very small. In intact ULI 
fragments and in pure UL~ reaggregates, the cells capable of 
transdetermination simply could never meet cells with a 
positional disparity sufficient for the stimulation of trans- 
determination, because of the low density of circumferential 
values in this disk region®*, In mixed UM‘~) and UL‘ 
reaggregates, however, juxtaposition to ‘feeding layer’ cells 
with large disparities in positional values would often cause a 
sufficient amount of proliferation in the cells capable of 
transdetermination to stimulate them to undergo this change. 
Earlier reports of sharply increased transdetermination fre- 
quencies in imaginal disk reaggregates'®’ can similarly be 
explained by cell interactions of this kind, without having to 
assume a specific effect of the dissociation procedure per se 
(‘wounding effect’) on transdetermination. 

I thank Suzanne Glenn and Becky Hsei for technical assist- 
ance. I was supported by a fellowship from the Swiss National 
Science Foundation and by a grant from the United States 
National Institutes of Health. 
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Haemopoietic stem cells of rats but 
not of mice express Th—1.1 alloantigen 


IN mice thymus-derived lymphocytes express @-antigen specifi- 
cities in two allelic forms, Th--1.1 (formerly called 6-AKR) and 
Th-1.2 (@-C3H), which are distributed reciprocally among the 
various mouse strains'*. Rats have also been tested for the. 
occurrence of antigens of the Th-] system, but so far all strains 
have been positive with anti-Th—1.1 only*-*. Rats also differ from 
mice in the concentration of Th-1.] carrying cells, which, in rats, is 
much higher in the bone marrow and lower in the peripheral 
lymphoid organs*. The stage at which haemopoietic stem cells 
differentiate towards thymocytes carrying the 0 alloantigen is still 
ill-defined. We present here evidence that in rats Th-1.] is already 
expressed on haemopoietic stem cells while murine haemopoietic 
stem cells have not yet developed this @ alloantigen. 

Haemopoietic stem cells are defined operationally by their 
capacity to form cell colonies®, proliferate in diffusion chambers’ 
and, of course, repopulate a conditioned bone marrow recipient. 
The latter activity can be inhibited by sensitising the prospective 
bone-marrow recipient against antigens occurring on the donor’s 
stem cells or by incubating the donor's marrow with antibodies 
against his stem cells before transferring it to the recipient. Both 
experimental models served as indicator systems for Th-} antigens 
on stem cells in the following experiments. 

Mouse strains CBA, C,H, (C57BL/6x CBA-T6)F,, A and 
BALB/c, all Th-1.2 and AKR (Th-1.1) were obtained from The 
Jackson Laboratory, Bar Harbor, Maineand AKR/Cum(Th-1.2) 
mice from Cumberland View Farms, Clinton, Tennessee. The two 
AKR sublines are antigenically similar with respect to markers 
Ly-1, Ly-2, Ly-3, TL. H-2., Gx and Gross cell surface antigen, 
while differing for Thy- 1°. A/@ AKR (Th--1. 1) mice were produced 
from mice originally supplied by Dr E. A. Boyse of the Sloan- 
Kettering Institute, New York. They are congeneic to A/J and 
differ only at the Th—I locus. Inbred Lewis rats were produced in 
our laboratory : 90° of their thymocytes were lysed by anti-Th-1.1 
but not by anti-Th--1.2in the microcytotoxicity test. These antisera 
had a cytotoxic titre of 1:512 and more and had been produced by 
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Table 1 
Expt Recipient* Immunisationt 
no. Th-1.2 Th-1.1 Th-1.2 
I (CS7BL/6 x CBA-T6)F I A/@AKR 
2 (CS7BL;6 x CBA-T6)F 1 Lewis 
3 (CS7BL/6 x CBA-T6)Fi AKR/J 
4 (CS7BL/6 x CBA-T6)FI AKR;Cum 
$ CBA AKR 
6 CBA C,H 
7 AKR;Cum AKR 
8 AKR/Cum BALB/c 


Transplantation of bone marrow from Th-1.1 mice or rats to Th-1.2 mice presensitised against Th-1.1 


Take (AKR/J) Chimaerism on dayst 
14 


Th-1.1 

+ 50/0 18/2 48/2 50/0 20/0 

+ 15/5 18/2 98/2 50/0 0/20 
Take (Lewis) 

— 20/0 15/2 13/0 20/0 20/0 

+ 0/2 0/100 2/98 2/98 

~ 10/0 66/45 14/0 50/0 8/2 

+ 45/5 20/30 12/88 10/90 0/50 

- 20/0 17/2 50/0 

+ 13/87 0/100 0/100 


*Conditioned with 750-900 rad '37Cs, 131 rad per min 24h before transplantation of 2 x 107 AKR/J mouse or 108 Lewis rat bone marrow cells. 


+10* thymocytes were injected i.p. three times 5d apart. 


tAllogenic chimaeras: no. without/no. with the T6 marker chromosome: xenogeneic chimaeras: no. of alkaline negative mouse granulocytes/no. of 


alkaline positive rat granulocytes. 


repeated immunisation of CBA, C,H. AKR/J mice or Lewis rats 
with Th-1 incompatible thymocytes (10° cells injected three times 
5 d apart). , 
Failure of engraftment due to presensitisation against antigens 
on donor-type haemopoietic cells is a very sensitive indicator 
system. It reveals also minor antigen incompatibilities where 
serological in vitro tests fail?. To avoid any undesired cross- 
immunisation of the recipient from antigens on the donor's 
thymocytes other than Th-1.1, bone marrow recipients were 
immunised with thymocytes of third-party. strains sharing the 


which might prevent haemopoietic engraftment. Intraspecies 
sensitisation was therefore combined with interspecies bone 
marrow transplantation and vice versa. Interspecies xenogeneic 
bone marrow transplantation from rat to mouse (for conditions 
see Table I legend) regularly leads to complete chimaerism'!°. The 
following experimental design was used : prospective bone marrow 
Th-1.2 recipient mice were sensitised against Th-1.1 or Th-1.2 
thymocytes of rats or different mouse strains. They were sub- 
sequently irradiated and transfused with third-party marrow from 
AKR/J or Lewis rats (both Th-1.1). Failure of engraftment was 
taken as evidence for sensitisation against alloantigens shared by 
sensitising cells and haemopoietic stem cells of the donor strain. 
Chimaerism was tested in the femora by chromosomal analysis in 
allogeneic chimaeras using the T6 marker chromosome and by 
selective alkaline phosphatase staining of rat granulocytes!> in 
xenogeneic chimaeras. 

Experiments | and 2 in Table | show that immunisation with 
Th-1.1 thymocytes of A/@ AKR mice or Lewis rats did not 
interfere with a take of subsequently transferred AKR/J bone 
marrow. Control series of untransplanted mice of the recipients’ 
strains receiving AKR/J or Lewis or A/O-AKR thymocytes had 
regularly shown high titres (< 1:256). Rat bone marrow, in 
contrast, failed to grow in mice sensitised against the mouse Th-1.1 
antigen. That this failure of engraftment is not inherent to the 
xenogeneic donor-recipient combination itself is shown in experi- 
ments 4, 6 and 8 where rat marrow grew easily in mice sensitised 
against thymocytes of congeneic or allogeneic Th-1.2 strains. 


Table 2) Chimaerism in mice after transfer of rat marrow pre-incubated 
with anti-Th-1.1 or anti-Th—1.2 serum 





Incubation*® with Chimaerism on day 147 





Anti- The 1.2 

(AKR/J-anti-C,H) 10/60, 5/95, 1/18, 0/10 

Anti-Th-1.1 

(C,H-anti-AKR/J) 5/1, 4/0, 0/0, 0/0, 20/3, 20/0, 18/0 

Normal mouse serum 0/100, 0/20, 3/0,0/60, 0/100. 0/100, 2/98, 0/0 
No serum 0/50, 0/3. 0/30. 3/17 





*0.25 ml for 30 min at 37 °C. 
+No. ofalkaline negative mouse granulocytes per no. of alkaline positive 
rat granulocytes. 


Chimaerism was an all-or-none phenomenon which occurred 
uniformly in all animals of an experimental group. 

Group-specific stem cell toxicity of anti-Th-1.1 was also 
demonstrated by incubating rat marrow with anti-Th—1.2 
(AKR/J-anti-C3H) and anti-Th-1.1 (C3H-anti-AKR/J) serum. 
Table 2 shows that only the latter antiserum prevented a take of the 
rat marrow, which was suggested by the absence of circulating rat 
granulocytes and proved by a completely aplastic bone marrow 
histology (Hoffmann-Fezer, unpublished) of the recipient mice. In 
contrast, transplantation of allogeneic bone marrow from AKR/J 
mice to (C57BL/6 x CBA-T,)F, recipients was not inhibited by a 
pre-incubation of anti-Th-1.1 (CBA-anti-Lewis) serum (not 
shown in Table 2) though this antiserum reacted strongly with 
AKR/J (1:1024). The transfer experiments clearly show that 
sensitisation against Th—1.1 positive rat marrow either in vivo by 
immunisation of the marrow recipient against Th-1.1 mouse 
marrow or in vitro by incubation of the donor marrow-with anti- 
Th-1.1, inhibits the repopulating capacity of haemopoietic rat 
stem cells. The immunogenetic specificity of this inhibition is 
evident because sensitisation against Th—1.2 in otherwise identical 
conditions did not inhibit haemopoietic repopulation of mice 
with rat marrow. It is difficult to preclude that a transplantation 
antigen closely linked to Th-1.1 rather than the @ antigen itself 
occurs on the rat’s haemopoietic stem cells and prevents re- 
population implying a tissue antigen occurring in rats and AKR/J 
but absent from AKR/Cum and the other Th—1.2 mouse strains 
tested: this seems unlikely, however. 

On the other hand, the allogeneic cell transfer experiments also 
show unequivocally an absence of the Th—-1.1 antigen on mouse 
haemopoietic stem cells. Stem cells of the Th—1.1 donors preserved 
the capacity to induce haemopoiesis in recipients in spite of an 
antiserum treatment inhibiting the Th-1.1 lymphocytes present 
together with the stem cells in the donor cell inocculum. That these 
stem cell-sparing anti-@ antibodies were active against the donor 
strain lymphocytes can be shown by their suppression of graft- 
versus-host reactions!°. 

The absence of the @ antigen from mouse stem cells is in 
agreement with reports on anti-mouse brain serum from rabbits, 
absorbed with B-cells, which spared haemopoietic stem cells and 
suppressed T cell-derived graft-versus-host disease when in- 
cubated with the donor’s marrow!!. Anti-brain serum, however, 
does not lose its stem-cell toxicity after exhaustive absorption 
with T cells’?. Several other reports deal with antisera against 
haemopoietic or colony-forming stem cells. As a stem-cell label 
such antisera are, however, of little value because they usually react 
with species-specific antigens or H-2 alloantigens occurring on 
cells of various other organs. 

Th-1.1 in rats is the first alloantigen restricted to stem cells and @ 
antigen-bearing cells. It is not only absent from B lymphocytes but, 
in contrast to mice, also from most peripheral T cells'3. Again in 
contrast to mice where the concentration of Th~!.1 lymphocytes in 
the marrow is below 5%,'—-Williams found 30-45% Th-1.1 
positive cells in the rat bone marrow‘, Considering the poor 


Nature Vol. 269 20 October 1977 


immunocompetence of rat marrow Wilhams classifies Th-1.] 
marrow cells as prothymic--having expressed their Th-}.} mol- 
ecule already in the bone marrow-—-rather than as mature post- 
thymic lymphocytes. Such a comparatively early expression of the 
Th-}. antigen in rat marrow may explain why Th-1.].in the rat, 
can be detected also on haemopoietic stem cells. While this is 
speculative, the restrictive specificity of the Th-1. I antigen, which 
is absent from myeloid cells and, in the rat, from over 90°, of 
thoracic duct and lymph-node cells'*. should make it a useful 
marker of haemopoietic stem cells. 

I thank Ms J. Molitor and B. Glöckner for technical assistance. 
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Catecholamine hormone 
receptors are reduced on chronic 
lymphocytic leukaemic lymphocytes 


ADENYLATE cyclase (EC 4.6.1.1.) is a bifunctional enzyme 
that responds to biological signals such as hormones as 
well as catalysing the synthesis of cyclic 3’,5’°-AMP. Several 
reports indicate that the hormonal responsiveness of this 
enzyme in transformed or neoplastic cells is altered. This 
may explain the low cyclic AMP levels that have been 
associated with the unregulated cellular proliferation seen 
in transformed. cells*"®. There is also evidence to implicate 
cyclic AMP in normal lymphocyte activation’™*. Com- 
parison of circulating lymphocytes from chronic lympho- 
cytic leukaemia (CLL) patients with those from normal 
human controls indicates that cyclic AMP levels*'’, cyclic 
nucleotide phosphodiesterase":'? and adenylate cyclase’ 
activities are changed in the CLL lymphocyte. The mem- 
brane enzyme activity of 5’ nucleotidase’™ as well as comple- 
ment’*, antigen’ and lectin” binding are also altered in the 
CLL plasma membrane. The observation that catechola- 
mine hormone (f-adrenergic) responsiveness is depressed in 
CLL lymphocytes is further evidence for a functionally 
altered plasma membrane”. Until now, it has not been pos- 
sible to identify the molecular lesion responsible for the 
reduced catecholamine sensitivity. But, with the avail- 
ability *™™ of radiolabelled molecules that bind efficiently 
and directly to specific B-adrenergic hormone receptor sites 
(for example (—)*H-dihydroalprenolol), we can now 
determine whether the CLL adenylate cyclase defect occurs 
in the -adrenergic hormone-receptor complex, in the trans- 


ducing mechanism that couples the receptor to the cataly- ` 


tic component, or in the intrinsic catalytic mechanism. We 
show here that the number of f-adrenergic hormone 
receptor sites is reduced on CLL lymphocyte membranes 
while the catalytic capacity of the cyclase enzyme is normal. 
The low density of catecholamine hormone receptors could 
account for the altered cyclic AMP metabolism and may 
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contribute to the unregulated growth of CLL lymphocytes. 

Lymphocytes were isolated from heparinised blood from 
healthy human volunteers (100-400 ml) and from patients 
with chronic lymphocytic leukaemia (10-30 ml). The diag- 
nosis of CLL was made after complete haematological 
evaluation including bone marrow biopsy. All steps.in the 
isolation were done using sterile techniques, The lympho- 
cytes were separated by centrifuging the blood on Ficoll- = 
Hypaque density gradients using the method of Boyum”™. 
Cells at the interphase were collected and diluted 1:1 with 
199 medium plus 5% foetal calf serum, centrifuged at 450g 
for 10min, and the resulting pellet was washed with 20-ml 
of the same medium. The washed cells were further purified 
immediately or resuspended in 40 ml 199 medium plus 10 ml 
salf serum, placed in a Falcon 75 cm’ flask and stored-in a 
37 °C, 5% CO: humified incubator (up to 10h). 

Subsequently, the non-adherent mononuclear cells 
were collected by centrifugation at 200g for 10min. The 
cells were resuspended to a concentration of about 5x 10" 
cells per ml.and passed over nylon wool. Lymphocytes were 
collected by centrifugation (300g for 10 min) and washed 
twice (50 ml, 20 ml) with phosphate buffered saline pH 7.2 
containing 0.1% gelatin. Greater than 90% of the cells 
were lymphocytes by microscopy. In selected experiments 
separation of B and T cells with recovery of both depleted 
and enriched fractions was performed as described by 
Kaplan et al.”. The final pellet was resuspended in 15 mi 
cold 50mM Tris-HCI, 10mM MgCl, pH 8.1 at 4°C 
(incubation buffer), allowed to swell for 20 min, and homo- 
genised by 25 up and down strokes in a pre-chilled (0 °C) 
Dounce homogeniser. The homogenate was centrifuged at 
25,000g for 15 min, the pellet was rinsed once with cold 
incubation buffer (1 mi buffer per 5X10’ cells). Adenylate 
cyclase activity of this membrane preparation was deter- 
mined by the method of Brown”. Protein was measured by 
the method of Lowry et al”. 

The procedure for determining the density of hormone 
receptor sites on lymphocyte membranes was based on the 
method of Williams er a/.*. To tubes containing (—)*H- 
dihydroalprenolol (final concentration 1-80 nm) with and 





Table 1 Adenylate cyclase activity of normal and CLL lymphocytes 





Adenylate cyclase activity 


Cell population (pmol per min per mg protein) 


Basal F-(10mM)  Isoprenaline 
10 uM) 
Normal lymphocytes 39 131 103 
CLL lymphocytes 24 70 32 





Adenylate cyclase activity was measured by analysis of the cyclic 
AMP” produced in a 10-min, 30 °C, incubation of the lymphocyte 
membranes in a buffer containing 40 mM Tris, 5mM Mgt +, 5 pg mi~ 
R020-1724 (Hoffman-La Roche), | mM dithiothreitol, 2 mM ATP 
and additives at the concentrations indicated. The values are averages 
of duplicates from a representative experiment. 


without (+)propranolol (10°°M final concentration) was 
added 16041 of lymphocyte homogenate (40-130 ng pro- 
tein) to give a total volume of 200 ul, Tubes were incubated 
for 13 min at 37°C. Incubation was terminated by adding 
4ml of ice-cold incubation buffer to the tube and rapidly 
filtering contents through a Gelman-type A/E glass fibre 
filter under low vacuum. The filter was rinsed (ice-cold 
incubation buffer) with a 4 mi wash of the tube and a final 
(8 ml) rinse. Filters were placed in 10 ml of 10% BioSolv 
(Beckman), 90% toluene, 0.4% omnifluor, scintillation 
cocktail and allowed to stand overnight before counting. 
In each experiment, ‘nonspecific’ binding was determined 
by parallel assay tubes which contained a large excess 
(10 aM) of (+)propranolol. ‘Specific’ binding was defined 


A, 


3H-Dihydroalprenolol bound (f mol per mg membrane protein) 
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as the difference between the total and nonspecific binding. 

The (—)*H-dihydroalprenolol was from New England 
Nuclear who prepared the radiolabelled product by cataly- 
tic reduction of (—)alprenolol using tritium gas with pala- 
dium as a catalyst. The molecular structure (determined by 
mass spectroscopy) is dihydroalprenolol and the tritium is 
probably found at the unsaturated bond in the aliphatic 
chain on position 2 of the aromatic ring. 

The reactivity of the CLL lymphocyte adenylate cyclase 
to the -adrenergic agonist, (—)isoprenaline (Sigma) is 
appreciably less than that of the enzyme prepared from 
normal lymphocytes (Table 1). However, flouride stimula- 
tion of the CLL enzyme is comparable with that of normal 
controls (threefold stimulation). This response of the enzyme 
to fluoride indicates that the catalytic mechanism of the 
CLL enzyme is functioning properly. 

Using (—)*H-dihydroalprenolol as a specific B-adrenergic 
ligand to bind directly and specifically to B-adrenergic 
hormone receptors, we compared crude membrane pre- 
parations from normal and CLL lymphocytes. Figure 1 
illustrates the reduced binding of the radiolabelled ligand 
by CLL membranes. The normal cells showed considerable 
binding which corresponded to approximately 6,000 mole- 
cules bound per cell. Ligand binding to CLL membranes 
was too low to assess accurately, but it was less than 2,000 
molecules per cell. The control dose-response curve exhibits 
saturation at 6x10°°M, indicating an approximate Ka of 
3x 10°* M for the dihydroalprenolol. Both control and CLL 
binding reactions showed about 70% specific binding of the 
(—)*H-dihydroalprenolol in the experimental conditions. In 
addition to the saturability and high affinity, the specificity 
of the dihydroalprenolol binding was indicated by its 
stereospecificity (1-stereoisomers of isoprenaline and pro- 
panolol were more efficient in displacing the bound (—) °H- 
dihydroalprenolol than the d-stereoisomers) and the binding 


1,000 
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500| 











250|- 








3H-Dihydroalprenolol (x 10°M) 


Fig. 1 (—) *H-dihydroalprenolol binding, as a function of con- 
centration, was measured for lymphocyte membranes prepared 
as described in the text. This figure shows a single representative 
experiment with the range bars enclosing the area of all the 
experiments performed (12 normal and 10 CLL lymphocyte 
preparations). ©, Normal lymphocytes; @, CLL lymphocytes. 
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showed rapid kinetics for association reaching a steady- 
state within two minutes. Furthermore, the displacement 
of (—)*H-dihydroalprenolol by 10°°M_ propranolol was 
approximately the same as 10°‘M isoprenaline which is 
consistent with the potency of these agents on other well 
characterised B-adrenergic receptors. 

All of the CLL patients in this study had increased per- 
centages of lymphocytes with monoclonal surface immuno- 
globulin (Ig) suggesting that the disease probably represents 
a proliferation of B lymphocytes’®. To exclude the possibility 
that the depressed (—) *H-dihydroalprenolol binding was 
not simply a characteristic of cells with surface Ig, separa- 
tion of normal lymphocytes into T and B populations was 
performed. Table 2 shows, in fact, that membranes isolated 





Table 2 (—) *H-Dihydroalprenolol bound to human lymphocytes 


(—)°H-dihydroalprenolol boundt 
(fmol per mg membrane protein) 





Cell population 


Normal lymphocytes (8)* 682-4114 
‘T’ lymphocytes, normal (2) 5324+132 
‘B’ lymphocytes, normal (2) 1,439 +83 
CLL lymphocytes (10) 220-469 


coca nna 

Lymphocyte preparation and separation into ‘B’ and ‘T’ sub- 
populations were performed as described in the text. Of the cells in 
the ‘B` fraction, 61 °% have surface immunoglobulin, while 89 % of the 
‘T’ rich portion formed red blood rosettes??, Binding was measured** 
at a concentration of 5x 10-8 M (—) ?H-dihydroalprenolol. The 
averages of triplicate determinations were done for each experiment 
and the averages used to determine the standard error of the differ- 
ences between the normal and CLL lymphocytes. Normal and CLL 
values showed a significant statistical difference which is represented 
by P < 0.001. 

*Value in parentheses is number of separate experiments. 

+ Mean + s.e.m. 


from non-T cells (surface Ig positive) bind more (—)°H- 
dihydroalprenolol than those isolated from T lymphocytes. 
This indicates that enrichment of B cells in the CLL lym- 
phocyte population could not account for the observed 
hormone receptor differences between normal and CLL 
cells. 

CLL lymphocyte adenylate cyclase is B-adrenergic un- 
responsive, although the homogenates exhibit fluoride- 
stimulated adenylate cyclase activity, showing that the cata- 
lytic component of the enzyme is behaving normally. We 
have shown that the density of the B-adrenergic hormone 
receptor site is decreased in CLL lymphocytes. This altera- 
tion in the number of -adrenergic hormone receptor sites 
could explain the loss of CLL B-adrenergic adenylate cyclase 
responsiveness observed first by Polgar er al.“. It may also 
account for the depressed cellular levels of cyclic AMP 
found in CLL lymphocytes’. Depressed cyclic AMP levels 
are known to be correlated with unregulated cellular 
growth‘, a characteristic of the neoplastic state. 

A decreased capacity of cultured transformed cells to 
bind radiolabelled hormones has been recently observed. 
Differences in polypeptide hormone receptor sites™®” as 
well as the catecholamine hormone receptors” were found 
in comparisons of virus-transformed cells with normal, 
growth regulated cells. Previous studies of 5’ nucleotidase’ 
complement’ antigens’® and plant lectins” have all indicated 
that the membrane of the CLL cells is structurally and 
functionally aberrant. Our observations show that the 
density of B-adrenergic hormone receptor sites is decreased 
on the CLL lymphocyte surface. Membrane alterations 
such as these that interfere with basic mechanisms of 
biological communication may be fundamental to the 
aetiology of diseases characterised by unregulated cellular 
proliferation. 
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Actin co-caps with 
concanavalin A receptors 


PREVIOUS studies have given mainly indirect ™?. and some direct** 
evidence that the mobility of surface membrane receptors may be 
controlled by cytoplasmic microfilaments and microtubules. It has 
been proposed'? that the receptor—cytoskeletal complex may 
have important roles in cell-cell recognition, cell motility and cell 
division. This study, using two fluorochromes to identify con- 
canavalin A (con A) receptors and cytoplasmic actin in the same 
cell, shows that con A binding to neoplastic and embryonic cell 
surfaces results in dissolution of actin filaments and that con A 
receptors and actin co-cap and occur in closely related sites in 
untreated and cytochalasin B-treated cells 

Monolayer cultures of rat fibroblasts were prepared from 
normal adult kidney, dimethylnitrosoamine (DMN)-induced re- 
nal mesenchymal tumours?, transformed kidney cell lines derived 
from DMN-treated rats®, 15-20 d foetal kidney or lung” and 
5-10 d whole embryos. The cells were tested either untreated. 
or after exposure for 20-60 min to 2x10 $M cytochalasin B. 
10°? to 10°° M colchicine, 10° M vinblastine, 2x 10-3 M pro- 
caine or 10 ug ml” trypsin 

Marginal and/or random surface staining was seen in adult, 
tumour, transformed, embryonic and foetal fibroblasts incubated 
with fluorescein-isothiocyanate (FITC)-labelled con A at 4 C. 
and in adult and foetal fibroblasts incubated at 37 C (Fig. la. 
Table 1). In contrast. tumour. transformed and embryonic 
fibroblasts. incubated with FITC-con A at 37 C for 20 min, 
showed staining in fine clusters (Fig. 24). and at the cell margins 
and processes. Incubation of these cells for increasing time periods 





Fig. 1 
adult kidney fibroblasts. Con A receptors were demonstrated by 


FITC-con A followed by AAA/R-AHG staining of cultured 


immunofluorescence reactivity’ * of cell surfaces with FITC-labelled 
con A. Cytoplasmic actin was detected by AAA traced with R-AHG 
The fluorescein: protein molar ratio and protein content of the 
conjugates were 4.9 and 300 ug ml ` ' for FITC-con A. and 3.3 and 
4 mg ml"! for R-AHG. Tests were done at4 Corat4 C warmed to 
37 C for 20-360 min. Specificity of the FITC-con A staining was 
established by inhibition with unlabelled con A (1,000 pg ml ~') or 
with 0.1 M a-methyl-p-mannopyranoside, The AAA specificity was 
established by immunoabsorption with muscle actin”. a, Adult 
kidney fibroblast, sub-! stained with FITC-con A showing linear 
staining of the cell periphery ( x 330) b. Same cell as in (a) stained with 
AAA R-AHG showing parallel actin filaments located in closely 
330.) c. Adult kidney fibroblast, 
sub-], treated with cytochalasin B at 37 C for 20 min and stained 
with FITC-con A at 37 C for 20 min showing coarse clusters in the 
cell periphery, ( x 330.) «d. Same cell as in (c) stained with AAA/R- 
AHG showing course clusters in sites closely related to those seen in 
(cv). (x 330.) 


related sites as those seen in (a) (x 


produced fine to coarse clusters in a central mass with clearing of 
the cell periphery at 40 min, a supranuclear cap of clusters at 
60 min (Fig. 2c) and perinuclear globules at 120 min persisting 
until 360 min. Cells pretreated with 1% or 4%, paraformaldehyde at 
4°Cor37 C for 10 min showed staining restricted to cell margins 
both at4 Cand 37 C 

After 20-40 min of cytochalasin B (BL) treatment. adult and 
foetal fibroblasts tested with FITC-con A at 37 C., showed fine 
clusters in cells with preserved cell shape and in contracted cells 
with cytoplasmic arborisations. After treatment for 40-60 min. 
the cells showed coarse, peripheral clusters in incompletely (Fig. 1c) 
orcompletely rounded up cells: supranuclear caps and perinuclear 
globules were not seen. Procaine treatment also produced fine to 
coarse clusters but colchicine and vinblastine did not alter the 
marginal and/or random surface staining seen in untreated cells. 
Trypsin induced a staining pattern of fine clusters. The 
cytoskeletal-disrupting drugs did not cause any changes in the 
initial staining pattern of fine clusters seen in tumour, transformed 
and embryonic cells (Table 1) but, with increasing incubation 
times, supranuclear caps and perinuclear globules were not seen. 

Anti-actin antibody (AAA) (ref. 8) staining, traced with a 
rhodamine-labelled goat anti-human (y) globulin (R-AHG). 
showed long parallel bundles of thick filaments in adult, em- 
bryonic and foetal fibroblasts (Fig. 1b) and short thin filaments 
with occasional fine aggregates in tumour and transformed cells” 
Previous incubation of tumour. transformed, embryonic or foetal 
cells with FITC-labelled or unlabelled con A for 20 min and 
subsequent testing with AAA showed staining of fine aggregates. 
diffuse staining or no staining (Fig. 24). The changes in staining 
patterns were most marked in neoplastic cells (> 90% cells), 
moderate in embryonic cells (70-90",,) and minimal in foetal cells 
(< 10%). The change was more pronounced at4 Cthanat37 C 
It was not seen in adult fibroblasts or in cells pre-treated with 
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Table 1 





Immunofluorescence staining of monolayer cultures of adult. neoplastic. embryonic and foetal fibroblasts by FITC-con A or AAA 





Adult. foetal kidney or 
lung fibroblasts 


FITC-con A 
Experimental 
conditions 
+ € Cell margins Filaments 
37 ¢ Cell margins Filaments 





Tumour. transformed or whole 
embryo fibroblasts 


AAA FITC-con A AAA” 


Filaments and fine 


aggregates 


Cell margins and 
random 


Filaments and fine 


pales 


Fine clusters 
supranuclear 


caps or perinuclear 





globules 
Cytochalasin BT Fine or coarse Fine or coarse Fine clusters Fine or course 
clusters aggregates aggregates 
Procaine Fine or coarse Fine or coarse Fine clusters Fine or coarse 


clusters 


Colchicine or Cell margins 
vinblastine 


Trypsin Fine clusters 


aggregates 


Filaments 


Fine aggregates Fine clusters 
diffuse or negative 


aggregates 


Fine clusters Filaments and fine 


aggregates 





Fine aggregates 
diffuse or negative 


e. 


Viable monolayer cultures were treated for 20-360 min with 300 ug m! 


FITC-con A in tissue culture medium 199. Drug-treated cells were pre- 


incubated with the reagent for 20-60 min followed by a further period of incubation. with or without the reagent. with FITC-con A for 20-120 min. AAA 


staining was carried out with cultures, fixed by air-drying and leavingat 4 C for 


dilution AAA. The staining patterns were presentin > 90 


of cultured cells 


2 h. Staining was still detectable with 20 pg ml ' FITC-con A or 1:256 


*Previous treatment of viable cultures with FITC-lubelled or unlabelled con A resulted in dissolution of actin filaments 


+ 


FITC-labelled AHG at 4 C or 37 ¢ 
10 min and tested at 4 C with AAA 
Our data show that con A receptors may be structurally linked 
toactin since the two components occur in closely related sites in all 
the cell types examined (Figs 1.2). This link may take the form ofan 
actin sub-set, not stained by AAA, which restricts con A receptor 
mobility in adult and mature foetal cells and which is poorly 
expressed in neoplastic and embryonic cells 


or pre-cooled at 4 C for 


The suggestion is 





Fig. 2 FITC-con A followed by AAA, R-AHG staining of cultured 
embryonic or tumour fibroblasts. «a. Tumour fibroblasts 
GHFII7BL. sub 88 reacted with FITC-con A at 37 C for 20 min 
showing fine clusters. ( x 330) b. Identical field as (a) stained with 
AAA R-AHG at 37 Cshowing filamentous and diffuse or aggregate 
staining. Note that areas stained in an aggregated or diffuse pattern 
occur in areas similar to those of FITC-stained clusters shown in (a) 
but filaments bear no relationship to these clusters. ( 
Embryonic fibroblast, sub-1, reacted with FITC-con A at 37 C for 
60 min showing a diffusely stained supranuclear cap containing fine 
330.) d. Same cell as in (c) reacted with AAA R-AHG 
showing a cap located in a similar position and stained in a similar 
pattern as in (c). ( x 330.) 


330.) « 


clusters, ( 


t Treatment of control cultures with the cytochalasin B solvent. dimethylsulphoxide. had no effect on FITC-con A or AAA staining patterns 


supported by our finding that cluster formation may occur in cells 
containing actin filaments (Fig. 2a, b) and can be induced in adult 
or foetal cells by cytochalasin B treatment. The proposal is also 
consistent with the observed decrease in membrane-associated 
actin in tumour cells'”. Because the linear marginal distribution of 
con A receptors is in close proximity to actin filaments (Fig. la, b) 
we suggest that the actin sub-set may anchor con A receptors to 
actin filaments. An actin sub-set is also thought to limit con A 
receptor mobility in normal alveolar macrophages''. Lattice 
microfilaments!? are a possible candidate for this actin sub-set 

Con A binding to surface receptors result in conversion of 
filamentous actin to aggregates or a diffusely stained form. These 
latter forms of actin seem essential for capping and endocytosis 
since FITC-con A and AAA-stained areas occur in close proximity 
(Fig. 2c, ¢) and the processes are inhibited by CB. Microtubules 
may also havea role in capping and endocytosis as these processes 
are inhibited by colchicine or vinblastine. Inhibition of capping by 
cytochalasin B, vinblastine, colchicine or procaine supports the 
results of previous workers'*'*. The cytochalasin B-induced 
‘caps’ reported in a recent study* may not represent true caps but 
may result from cytochalasin B-induced disruption of actin 
filaments 
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Research Council. We thank Vivien Randell. Helen King and John 
Lee for technical assistance, Dr C. R. Lucas of the Fairfield 
Infectious Diseases Hospital for AAA serum and Dr H. A. Ward 
and staff for preparation of the fluorescent conjugates 
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Actin and tubulin co-cap with surface 
immunoglobulins in mouse B lymphocytes 


CYTOSKELETAL control of cell surface receptor movements! 
has been suggested by several authors** and is compatible 
with the fluid mosaic model of cell membranes‘. Evidence for 
this hypothesis comes mostly from experiments using drugs 
which alter the activity of cytoskeletal components**:*, We 
report here co-capping of actin and tubulin with immuno- 
globulins (lg) in B lymphocytes from mouse spleen. These 
findings provide structural evidence for cytoskeletal control 
of receptors. 

Purified anti-actin and anti-tubulin antibodies were obtained 
respectively from theserum from a patient with chronic aggressive 
hepatitis, which contained specific anti-actin antibodies’:* and 
from the sera of rabbits repeatedly immunised with pig brain 
tubulin’ adsorbed to alum (A.Z. and G.G., in preparation). 
These sera were passed through columns of Sepharose covalently 
linked’ respectively with rabbit skeletal muscle actin™ or 
with pig brain tubulin“, and the absorbed antibody was 
eluted at pH 2.7. The specificity of these antibodies was shown 
by immunodiffusion—a single precipitation line was observed 
against the antigen (Fig. 1)—by immunoelectrophoresis, and 
by immunofluorescence. In the immunofluorescence test the 
anti-actin antibody (AAA) was fixed on striated (I bands) and 
smooth muscle tissue sections and the anti-tubulin antibody 
(ATA) on mitotic spindles, cultivated fibroblasts and sperm- 
atozoa; cell staining was abolished by previous incubation of 
the antibody solution with actin and tubulin respectively. 

Mouse spleen lymphocytes were incubated with rabbit 
antiserum against mouse Ig (RAMIG), either conjugated 
with rhodamine’? or unconjugated, and then with sheep 
antiserum against rabbit Ig (SARIG) conjugated with rhoda- 
mine!; conditions were as described elsewhere! and incubations 
were for 30 min at 0 or 37 °C. After this incubation the cells 
were suspended in 0.035 M citrate’, a drop of this suspension 
was applied on a slide and dried. For actin staining, cells 





Fig. 1 Immunodiffusion experiments using the Ouchterlony 
technique. Readings were made between 24 and 48 h after a single 
filling of the wells. a, AAA serum was placed in the centre against 
decreasing concentrations of actin (3.0; 1.5; 0.75; 0.375; 0.19 
mg ml-'). To keep actin depolymerised, Agarose (Behring- 
Werke) was dissolved in 2 mM Tris-HCI buffer at pH 8.0 con- 
taining 0.2 mM ATP, 0.5 mM 2-mercaptoethanol and 0.2 mM 
CaCl, (ref. 10). b, ATA serum was placed in the centre against 
similarly decreasing concentrations of tubulin. Agarose was 
dissolved in 0.15 M NaCl containing 0.5 mM 2-mercapto- 
ethanol. A single precipitation line is visible in both cases. 
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Fig. 2 Immunofluorescent staining of splenic B lymphocytes 
incubated in suspension with RAMIG and SARIG-rhodamine, 
then fixed with ethanol and incubated with AAA followed by 
anti-human IgG-fluorescein. All photographs were taken with a 
Zeiss ultraviolet photomicroscope equipped with epi-illumination 
and specific filters for rhodamine and fluorescein, using a Plan 
Apo-Chromate 63x/1.0 objective dn HPS Ilford black and white 
film. a-c, Incubation in suspension at 4 °C; a, rhodamine; b, 
fluorescein; c, phase contrast. d-/, Incubation in suspension at 
37 °C; d, rhodamine; e, fluorescein; f, phase contrast. g-i, In- 
cubation in suspension at 37 °C; as control, after ethanol fixation 
cells were incubated with human Ig instead of AAA and then 
with anti-human IgG. g, Rhodamine; A, fluorescein; i, phase 
contrast ( x 2,000). 


were fixed for 30 s in absolute ethanol, incubated for 15 min 
with purified AAA and for a further 15 min with fluorescein 
conjugated Ig fraction of goat antiserum to human IgG (Miles 
Seravac). To avoid cross reactions between these antisera, 
the goat anti-lg was passed on a solid immunoadsorbent 
made with glutaraldehyde-coupled mouse, rabbit and sheep 
Ig'*. In control experiments the human purified AAA was 
replaced by a solution of normal human Ig with a similar 
concentration of proteins. For tubulin staining, cells incubated 
with RAMIG-rhodamine were fixed for 20 min in 3.7% 
formaldehyde and 5 min in acetone, and then incubated for 1 h 
with a solution of fluorescein conjugated"? rabbit purified ATA. 

After incubation in suspension with RAMIG-rhodamine or 
RAMIG followed by SARIG-rhodamine, 70% of splenic 
lymphocytes had a positive staining. Cells incubated at 0 °C 
had a generally diffused labelling along the cell membrane 
with some patching and very rare capping, whereas a high 
proportion of cells incubated at 37°C showed typical cap 
formation. When this incubation was followed by fixation of 
the cells and immunofiuorescent staining for cytoskeletal 
proteins, the pattern of actin and tubulin corresponded to that 
of Ig (Figs 2 and 3). In non-capped cells, the fluorescence was 
weak, particularly for actin, and difficult to detect on the nuclear 
area. By contrast, in cells showing capped immunoglobulins, 
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Fig. 3 Immunofluorescent staining of splenic B lymphocytes 
incubated in suspension with RAMIG-rhodamine then fixed 
with formaldehyde and acetone and incubated with ATA- 
fluorescein. a-c, Incubation in suspension at 4 °C; a, rhodamine; 
b, fluorescein; c, phase contrast. d-f, Incubation in suspension 
at 37 °C: d, rhodamine; e, fluorescein; f, phase contrast ( x 2,000). 


the fluorescence for actin and tubulin was intense and restricted 
to the region of the cap. Among the cells which were rhodamine 
negative (that is, non-B cells) a high proportion (85%) were 
positive for actin and tubulin. 

These findings show in a simple and well established model! 
that two cytoskeletal proteins, namely actin and tubulin, 
probably having different functions, move concurrently along 
the cell membrane with a single class of surface receptors—Ig. 
It has been reported that, in rabbit ovarian granulosa cells, 
concanavalin A-induced capping redistributes microtubules in 
the cytoplasmic region underlying the cap’*. An analogous 
redistribution of surface antigens and actin has been described 
in Lu-106 cells after treatment with cytochalasin B”. 

It is generaliy recognised that capping is dependent on cell 
metabolism!'*, Several experiments have shown that cyto- 
chalasin B (a drug which alters microfilament morphology and 
function") inhibits this phenomenon (though sometimes only 
partially)*-* and hence it has been proposed that redistribution 
of cell surface molecules depends on microfilament activity. 
Microtubular integrity has also been shown to be linked with 
capping in B lymphocytes”!. It has been proposed that micro- 
tubules and microfilaments exert skeletal and contractile 
actions respectively in regulating the movement of cell surface 
proteins’. Our findings are compatible with this hypothesis, 
and support the possibility that skeletal and contractile elements 
are linked to one another and/or to the same plasma membrane 
components. 

This work was supported by the Swiss National Science 
Foundation (grant 3.692-0.76). We thank Miss M. Bouland 
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Intracellular binding sites for 
insulin are immunologically 
distinct from those on the plasma membrane 


Speciric high affinity binding sites for insulin have been shown 
to be located on the plasma membrane of target cells', and they 
are also present on purified intracellular organelles? including 
intact nuclei*®, smooth and rough endoplasmic reticulum*"*, and 
the Golgi apparatus’. Although these intracellular sites have 
certain binding characteristics similar to those on the plasma 
membrane? ~, it is not known whether these binding sites share 
other biochemical features. Using an antiserum directed at the 
cell surface binding sites, we have found that several types of 
intracellular binding sites for insulin are immunologically 
distinct from those on the plasma membrane. 

It has already been demonstrated that the sera of certain 
patients with extreme insulin resistance and acanthosis nigricans 
contain immunoglobulins directed against the plasma membrane 
binding site °. When any of human monocytes or cultured 
lymphocytes, avian erythrocytes, or highly purified rat liver 
plasma membranes are preincubated with these antisera, the 
subsequent binding of radiolabelled insulin is inhibited*~*. 
That these antibodies are specific for insulin binding sites on 
the plasma membrane is seen by their failure to inhibit both the 
binding of human growth hormone to intact human cultured 
lymphocytes and the binding of NSILA-s, an insulin-like 
peptide, to rat liver plasma membranes? ~*. Furthermore, using 
conditions where there is nearly complete inhibition of the 
specific binding of insulin, there is no inhibition of the binding 
of glucagon (Table 1). Other studies indicate that the binding 
of purified radiolabelled antibodies to plasma membranes is 
inhibited by insulin and insulin analogues in direct proportion 
to the biological activity of those analogues®~*. These findings 
suggest that these antibodies bind either near to or at the portion 
of the plasma membrane that recognises and binds the insulin 
molecule. 

When we pre-incubated rat liver plasma membranes with 
B2-1975 antiserum® ~* at a 1: 100 dilution for 1 h at 4 °C, 85-90% 
of the subsequent binding of !“*I-insulin was inhibited (Table 1, 
Fig. 1). With progressive serial dilution, the inhibiting effect 
decreased; but even at a titre of 1: 6,400, 25% inhibition of 
binding was demonstrable. In contrast to its ability to inhibit 
insulin binding to the plasma membrane, this antiserum had no 
significant effects on the binding of insulin to purified nuclei 
(Table 2). We have previously shown that the nuclear membrane 
is the major site of insulin binding to the cell nucleus'*. In 
contrast to the marked inhibition of the binding of insulin to 
plasma membranes, pre-incubation of nuclear membranes with 
B2-1975 antiserum had only small effects on insulin binding 
(Table 2, Fig. 1). Similar results were seen with the smooth 
endoplasmic reticulum (Table 2, Fig. 1). At a dilution of 1: 100, 
specific binding of insulin to both nuclear membranes and 
smooth endoplasmic reticulum was inhibited by only 10-20%; 
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Fig. 1 Effects of serial dilutions of an anti-plasma membrane 
antiserum on !“J-insulin binding to several types of cellular 
membranes. Plasma membranes’? (@) at 0.087 mg protein 
ml~ (a) and 0.125 mg protein ml~! (6), nuclear membranes"? (©) 
at 0.087 mg protein mi~, and smooth (A) and rough (A) 
endoplasmic reticulum'* at 0.47 mg protein ml~! were pre- 
incubated for 1 h with either normal human serum or antiserum 
at various dilutions as described in Table 1. '*I-Insulin (0.5 ng 
ml~!) and albumin (5 mg mi ~) were then added and the incuba- 
tion was continued for 2 h. Insulin bound to nuclear and plasma 
membranes was separated from free insulin by centrifugation 
in a microcentrifuge. Insulin bound to the rough and smooth 
endoplasmic reticulum was separated by a filtration through 
Oxoid filters (Amersham)*:". Each point is the mean of triplicate 
determinations. Binding is expressed as a percentage of that 
seen in the presence of pooled human serum. In the absence of 
antiserum specifically bound '*I-insulin (% of total) was 


endoplasmic reticulum, and 1.9-10.04 for rough endoplasmic 
reticulum. Values are the mean + standard deviation. 


the degree of inhibition, moreover, did not change with dilution 
of the antiserum up to 1: 3,200. 

The ability of this antibody to inhibit insulin binding to the 
rough endoplasmic reticulum was also much less than that seen 
with plasma membranes (Table 2, Fig. 1). At a dilution of 
1:100, approximately one-third of the specific binding of insulin 
was inhibited. In contrast to the results obtained with smooth 
endoplasmic reticulum and nuclear membranes, the inhibition 
of insulin binding to the rough endoplasmic reticulum 
progressively diminished on further dilution of the antiserum. 

There are two possible reasons why this antiserum partially 
inhibits insulin binding to intracellular membranes. In the case 
of the rough endoplasmic reticulum, it is possible that the 
inhibition observed represents the interaction of the antibody 
to plasma membrane insulin binding sites with nascent plasma 
membrane binding sites present on ribosomes. Since this 
antiserum (B2-1975) also contains antibodies directed against 
a variety of cell proteins’, it is possible that the non-progressive 
inhibition observed with nuclear membranes or smooth 
endoplasmic reticulum is caused by a second antibody present 
in the antiserum that only weakly inhibits binding. In either 
case, the present studies suggest that the insulin binding 
sites on these intracellular membranes from rat liver are 
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Table 1 Effect of an anti-plasma membrane antiserum on the binding 
of ?*I-insulin and 'I-glucagon to rat liver plasma membranes 





1257-hormone bound 
(% per 0.1 mg protein per ml) 


Insulin Glucagon 
Control serum 4.0+0.21 10.24-0.13 
Antiserum 0.5+0,12 9.9+0.40 





Rat liver plasma membranes” at 0.057-mg. protein ml! were 
preincubated for 1 h at 4°C with a 1 : 100 dilution of antiserum 
(B2-1975) (refs 6-9) or control serum in buffer containing 0.25 M 
sucrose, 10 mM MgCl, 2 mM EDTA, 20 mM Tris (pH 7.85). 
After this pre-incubation, either }**J-insulin? at 0.75 ng ml! in the 
presence or absence of 200 ug mi~! of unlabelled insulin (to deter- 
mine nonspecific binding) or !**I-glucagon™ at 0.5 ng mi in the 
presence or absence of 50 ug mi~ of unlabelled glucagon was added 
with bovine serum albumin at 5 mg mi~. The incubation was 
continued at 24 °C for 2 h for insulin or 1 h for glucagon. Bound 
and free hormones were separated by centrifugation in a micro- 
centrifuge !!, Each value is the mean -t the standard deviation for 
triplicate determinations. Nonspecific binding has been subtracted. 


immunologically distinct from those found on the plasma 
membrane. 

It is evident that, per unit of protein, plasma membranes 
bind more insulin than do the intracellular membranes (Table 2), 
Our preliminary studies suggest that this increased binding of- 
insulin to plasma membranes is due to the higher affinity of its 
insulin binding sites. In contrast, the total number of insulin. 
binding sites per unit of protein (binding capacity), is similar in 
the various cellular membrane fractions. Since it is well known 
that the liver cell has far more intracellular membranes than 
plasma membranes, this observation suggests that there may be 
more binding sites for insulin in the cell interior than there are - 
on the cell surface. 

The biological significance of these intracellular binding sites 
for insulin is unknown. It has been postulated that certain of | 
these intracellular binding sites, especially those on Golgi. 
membranes, are precursors of those on plasma membranes: 
this argument may also pertain to those sites on the rough © 
endoplasmic reticulum. Conversely since it is unlikely that the © 
insulin binding sites on the nuclear membrane and on the: 
smooth endoplasmic reticulum are precursors of those’on the- 
plasma membrane, and since the present studies indicate that. 
these intracellular binding sites for insulin are immunologically. 
distinct from those on the plasma membrane, an alternative. 
hypothesis can be made. We and others have either deduced or: 
observed that both insulin and other polypeptide hormones 
may enter the intact cell ~*°, On the basis of these data; we have, 
speculated that these intracellular binding sites for insulin may 
be involved in the regulation of several long term effects of 
insulin, such as RNA and DNA synthesis*"*, Since: the 





Table 2 Effect of an anti-plasma membrane antiserum on '*]-insulin a 
binding to various cellular fractions 





125}-insulin bound Inhibition of 


Fraction (% of total) binding (%) 
No antiserum Antiserum 1 : 200 

Plasma membranes 1.14+0.02 0.16 40,006 86 
(0.035) 

Nuclei 1.34+0.15 1.364016 0 
(1.03) 

Nuclear membranes 1.044001 0.86 -+0.02 17 
(0.12) 

Smooth ER 1.70 +0.08 1.50 +0.10 12 
(0.23) 

Rough ER 1.91 +0.04 1.32 £0.04 31 
(0.47) 





For each fraction the protein concentration (shown in parentheses: - 
as mg ml) was adjusted so that 1-2% of the 'I-insulin was 
specifically bound. Incubation conditions were as described in Table 4: 
and Fig. |. Binding is expressed as the mean + standard deviation: 
for triplicate determinations. Inhibition of insulin binding by the 
antiserum was significant in all fractions (P < 0.05) except nuclei: _ 
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relationship between the intracellular binding sites for insulin 
and the biological functions of insulin is unknown, further 
studies will be necessary to clarify the role, if any, of these 
intracellular binding sites. 
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Inhibition of high-affinity choline 
transport in peripheral cholinergic endings 
by presynaptic snake venom neurotoxins 


Use of purified snake venom neurotoxins with potent curari- 
mimetic action on peripheral cholinergic transmission (for 
example, a-bungarotoxin'!) in the study of the biochemical 
properties of the nicotinic cholinoceptor has met with con- 
siderable success (see ref. 2 for review). Some of the crude 
venoms from which such toxins have been isolated also contain 
toxins which act presynaptically, such as B-bungarotoxin!, 
notexin® and taipoxin*. These three toxins inhibit the release 
of acetylcholine by a mechanism which is independent of the 
release process per se*~?, We show here that in an in vitro 
membrane preparation® derived from the cholinergic endings in 
Torpedo electric organ these and related toxins are potent 
inhibitors of the high-affinity choline transport system. These 
observations provide a biochemical explanation for the 
inhibitory action of these toxins on transmitter release as they 
effectively block re-synthesis of acetylcholine from choline. 
Nerve terminal sacs (T sacs, originally termed synaptosomes*) 
were prepared from the electric tissue of Torpedo marmorata 
essentially as described previously* (for a detailed account see 
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ref. 9). After a brief period of pre-homogenisation of this tough 
tissue in 0.8 M glycine using a Waring blendor, homogenisation 
in a Potter-Elvehjem glass and Perspex homogeniser was 
possible. Uptake of *H-choline into partially purified T sacs 
(fraction P.) was measured using a Millipore filtration technique 
as described recently’®. The effects of the various toxins and 
related proteins on choline uptake were tested in several ways. 
The concentration dependency of their inhibitory action was 
tested by simultaneous exposure of T sacs to *H-choline (1 uM) 
and toxins (varying concentrations) for 10-15 min before 
filtration. In other experiments T sacs were exposed to toxins 
before the addition of *H-choline, and vice versa. In experiments 
designed to test the calcium dependence of the toxin action 
the 4.4 mM CaCl, of the normal Torpedo Ringer (for composi- 
tion see ref. 10) was replaced by 4.4 mM SrCl,. 

Figure 1 shows that all three toxins (B-bungarotoxin, notexin, 
and taipoxin) that are known to have presynaptic effects are 
potent inhibitors of high-affinity choline transport. By contrast 
those with a postsynaptic action (a-bungarotoxin and siamensis 
3) in the same concentration range were without effect (data 
not shown). Two other toxins (Notechis I{-5 and Enhydrina 
schistosa myotoxin) which are structurally homologous to 
notexin and the taipoxin subunits?“ —!? are also very potent 
inhibitors. Experiments in which T sacs were exposed to 
taipoxin or B-bungarotoxin for 10-15 min at room temperature 
before the addition of *H-choline show that this potentiates 
the inhibitory action of taipoxin 10-fold whereas that of 
B-bungarotoxin is not significantly altered. The increased 
potency of taipoxin is not due to increased binding of the toxin 
to the T-sac membrane but rather to a potentiating factor 
released from the tissue during incubation (M.J.D. and J.P.F., 
in preparation), 

The shapes of the inhibition curves suggested that all of the 
inhibitory toxins except B-bungarotoxin were capable of pro- 
ducing full blockade. For notexin and Notechis U-5 it was not 
possible to demonstrate complete inhibition because of the 
increased nonspecific binding of *H-choline to the Millipore 
filters at high toxin concentrations. In contrast to the retention 
of *H-choline at lower toxin concentrations this binding was 
insensitive to the presence of hemicholinium-3 and thus probably 
represents a strong interaction between °H-choline and filter- 
bound toxin. With B-bungarotoxin, inhibition was never more 
than 60% even at concentrations above 30 ug mi~. In the 
presence of 100 and 200 ug ml~' B-bungarotoxin nonspecific 
binding of *H-choline to the filters was also observed and this 
obscured the real inhibition pattern of this toxin at these 
elevated concentrations. By extrapolation this effect was not 
sufficient to explain the partial blockade caused by §-bungaro- 
toxin, however. The most potent uptake-blocker, notexin, 
had an IC; value (concentration for 50° inhibition) of about 
4x 10-7" M. In cases where comparison is possible (B-bungaro- 
toxin, notexin and taipoxin) the range of concentrations in 
which inhibition was observed is similar to or lower than that 
previously reported for in vitro presynaptic inhibition based on 
physiological findings™ %7, The latency of the presynaptic toxins 
in vivo is well established. If the failure of transmission is due 
to termination of acetylcholine synthesis caused by inhibition 
of choline uptake one would not expect transmission to cease 
until the pre-existing pool of acetylcholine was exhausted. 
Comparisons of IC; values for choline transport in T sacs 
with the LD;, values observed on intravenous administration 
to mice shows a high degree of correlation—particularly for the 
single-chain neurotoxins. The multiple-chain toxins, B-bungaro- 
toxin and taipoxin, are more toxic to whole animals than 
might be predicted from their effects on choline transport. 

All of the presynaptically-active neurotoxins shown in Fig. | 
are Ca**-dependent phospholipases, and all of those which 
have been totally!'?? or partially™"3 sequenced are highly 
homologous to phospholipases A, from other snake venoms 
and from mammalian pancreas. We have therefore tested 
(Table 1) whether calcium is required for their inhibitory action 
on choline transport by performing some experiments in 


Nature Vol. 269 20 October 1977 


100r : ARKO 
ae 
Po o 


fos) 
= 
T 






D 
[=] 
7 


F 


* Inhibition of choline uptake 





107+ 1078 jon? 107? 10° 10! 10? 
Toxin concentration (ug mi~ +) 


Fig. 1 Inhibitory action of presypnaptic snake neurotoxins on 
high-affinity choline transport. *H-choline uptake into partially 
purified T sacs (fraction P,) from Torpedo electric organ was 
measured for 10-15 min at room temperature with | uM choline 
exactly as described previously”. The effect of increasing con- 
centration of the various toxins added at the onset of incubation 
with *H-choline is expressed as % inhibition of controls to which 
no toxin was added. Each point represents the mean of two or 
more independent experiments with duplicate or triplicate 
determinations in each case. Replication of individual points 
was good both within or between experiments. For any one 
point the standard deviation from the mean was < 10% for 
n = (4-13) observations. The identities of the various toxins, 
assumed molecular weights (MW) and references to the details 
of their purification are as follows: W, notexin", MW 13,500; 
©, Notechis H-5!2, MW 13,500; A, Enhydrina schistosa myo- 
toxin®, MW 13,500; ©, taipoxin’?, MW 45,600; M], B-bungaro- 
toxin (a gift from Boehringer prepared as in ref. 17), MW 22,000. 
Toxin concentrations causing 50% inhibition in ng ml~' were: 
notexin, 0.5 (3.7 x107} M) (2 expts); Notechis 1-5, 9 (6.7 x 
10-19 M) (2 expts); En. shistosa myotoxin, 36 (2.7 x 107° M) 
(2 expts); taipoxin, 310 (6.8x10-® M) (4 expts); B-bungaro- 
toxin, 5,600 (2.5 x 10°? M) or for 50% of maximum inhibition, 
630 (2.8 x 10-8 M) (5 expts). 


Ca?*-free Sr?+-Torpedo Ringer. Although substitution of Ca?* 
by Sr?+ has little effect on choline transport in the absence of 
the toxins none of the toxins exhibited either inhibitory activity 
or phospholipase A activity in the Sr?* medium, which suggests 
that the integrity of the catalytic site is required for the toxic 
action. 

Experiments of the type shown in Fig. 2 indicate that these 
toxins do not cause gross lysis of the presynaptic nerve-terminal 
membrane in the conditions used. Furthermore, the influx 
of *H-choline is immediately and totally inhibited by the 
addition of taipoxin, but continued incubation does not lead 
to loss of *H-choline. In the same conditions, 80% of the 





Table 1 Ca-dependence of toxin action on choline uptake 








Choline uptake at 1 M 
(% of controls) 


Toxin (ug mi~?) Sr?* -Ringer Ca?*-Ringer 
Notexin (0.01) 914-37 23-46 
Notechis 11-5 (0.1) 11149 23+3 
E. schistosa myotoxin (0.2) 12743 3344 
Taipoxin (3) 894-15 9+2 
B-bungarotoxin (10) 111442 4546 





Fraction P, was prepared from Torpedo electric organ and re- 
suspended in ‘normal’ Torpedo-Ringer (Ca**-Ringer) or one in 
which CaCl, was replaced by SrCl, with a final concentration of 
4.4 mM (Sr?*-Ringer). *H-choline uptake (10 min) was then 
measured (20 pg protein per assay) in the presence and absence of 
toxins in both Ringer solutions as described in the legend to Fig. 1. 
Toxin concentrations were chosen so as to produce about 80% of 
their maximum inhibition (see Fig. 1). Results are expressed as % of 
the appropriate controls and are means -+ s.d. of three individual 
Zererminations. The Sr-Ringer control was 93% of the Ca-Ringer 
control. 
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choline taken up remains as free choline in the cytosol and is 

readily released by agents which rupture the external membrane _ 

(see effect of crude bee venom phospholipase A in Fig. 2). 
B-Bungarotoxin behaves like taipoxin except that the blockade 


is only about 50%, as mentioned above (Fig. 1). Another 


reason for rejecting gross lysis as an explanation for the < 
inhibitory action of these toxins on choline transport is the very 
poor correlation between phospholipase activity and inhibitory- 


potency. A more subtle mechanism of action involving factors”. A 


other than or, at least, in addition to phospholipase A activity 
is therefore indicated. ARE i 
Taipoxin is a ternary complex of three separate, but homo-  _ 
logous peptide chains’ which differ strikingly in their charge. 
properties. The a component is very basic, the B component is. 


neutral, and the y component is very acidic’. Previous studies at s 


the neuromuscular junction have shown that the a component 
is the only one of the three which has appreciable blocking... 
action by itself*?. The same applies for the effect of the indi- 
vidual chains on choline transport (Table 2). In fact, all of the | 
presynaptic snake venom neurotoxins for which data’ are- 


available are either very basic polypeptide chains or contain o 


such a chain as an essential subunit. These observations: 


indicate that a positive charge might be important for toxicity: — 


and that ionic binding to the external. membrane, which’. 
presumably has a negative charge, might thus be a- prerequisite 
for the action of these toxins. That a highly charged molecule: 
like protamine can also block choline uptake (Table 2) supports 
this view, but whereas the inhibition by protamine is reversible | 
the toxin-induced block is not (M.J.D. and J.P.F.,. in pre- | 
paration). : 

We do not yet know how specific the action of these pre- 
synaptic toxins is. Recent observations on the inhibition of 
high-affinity choline uptake in rat brain synaptosomes by 
B-bungarotoxin®® agree well with our results and suggest that 
some part of the high-affinity uptake mechanism might con 
stitute the ‘target’ for these toxins. Alternatively, the toxins 
might interact with sites elsewhere on the presynaptic meme 
brane, but thereby cause some general perturbation which: 
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Fig. 2 Effect of toxin addition on *H-choline accumulated by 
T sacs. Fraction P, (about 2 mg protein in each case) from 
Torpedo electric organ was incubated in 32 ml of Torpedo Ringer 
containing *H-choline 1 pCi mi~ (specific activity 1 Ci mmol~*) 
at room temperature. Samples of 1 ml were filtered at the times 
indicated and the accumulated °H determined. After incubation 
for 10 min the remaining T-sac suspension (22 ml) was trans- 
ferred (two equal portions) to separate vessels containing either 
a small vol of Ringer (control) or the same vol of Ringer 
containing toxin. Samples (1 ml) were filtered alternately from 
each of these suspensions at l-min intervals over the next 
20 min; ©, controls; @, toxin treated. a, Taipoxin, 0.1 pg mi~ 
final concentration. b, B-bungarotoxin, 1 pg ml. ¢, To 
demonstrate that gross lysis of T sacs does lead to loss of 
accumulated *H-choline, bee venom phospholipase A (Sigma) 
was added at a total concentration of 3 pg ml~?. Each plot 
represents the result with different T-sac preparations. Arrows. 
represent times of toxin addition. 
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Table 2 Importance of positive charge for inhibition of choline uptake 





Concentration Concentration (ug mi ~>) causing 


Agent tested range studied 50% inhibition of choline uptake 


oe eg mim) 

a-chain Taipoxin 

(basic) 0.01-10 0.3 
B-chain Taipoxin 

(neutral) 0.01-10 => 10 (90°% of control at 10 ug mi~) 
y-chain Taipoxin 

(acidic) 0.01-10 > 10(120°%% of control at 10 pg ml ~) 
Protamine 

(very basic) 0.1-100 0.4 





Concentration-dependent inhibition of choline uptake into T sacs 
was measured as described in the legend to Fig. 1 using simultaneous 
exposure of T sacs to *H-choline and toxins (or protamine) for 10 min 
at room temperature. Protamine was used to test whether or not the 
binding of a positively charged macromolecule to the T-sac external 
membrane alone could cause inhibition of choline transport, which it 
does. Other experiments have shown that, unlike the toxins, the 
inhibitory influence of protamine is fully reversible. The molecular 
weights of the agents are as follows: a subunit, 13,800; B subunit, 
13,500, y subunit, 18,400 and protamine, ~ 8,000. 


upsets membrane-associated processes including choline trans- 
port. That taipoxin and notexin can also interfere with vesicle 
recycling at the neuromuscular junction® supports the idea of a 
generic attack on presynaptic membrane-dependent processes. 
It seems unlikely that blockade of choline uptake is a secondary 
effect of inhibition of vesicle recycling since for taipoxin the 
blockade is instantaneous (Fig. 2). A strong case for general 
membrane perturbation has been presented recently for 
B-bungarotoxin'*, We are currently attempting to localise and 
identify the ‘target’ site by using radiolabelled toxins. 

This work was supported in part by an EMBO Fellowship 
to J.P.F. We thank Dr E. Karlsson for siamensis 3 neurotoxin. 
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High densities of benzodiazepine 

receptors in human cortical areas 

THE presence of brain-specific benzodiazepine receptors in mem- 
branes from rat brain is now established' +. Highly significant 
correlations between the affinities of various benzodiazepines for 
the benzodiazepine receptor site in rat brain on the one hand and 
clinically predictive pharmacological activities in several species 
on the other, strongly suggest that the benzodiazepine receptor in 
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vitro is related to a physiologically relevant receptor for benzodi- 
azepines in viro. We report here that benzodiazepine receptors are 
also present in the human brain, that the cerebral and cerebellar 
cortical regions contain the highest densities of binding sites and 
that the receptors in human brain are very similar to those in rat 
brain. 

The brains of four humans, two males and two females. aged 18. 
32, 54, and 72 yr and dying from malformatio congenita cordis, 
ulcus duodeni. stenosis valvulae mistralis and arterio sclerosis 
were investigated. No patients had a recorded history of benzodi- 
azepine treatment within 14 dof death. Autopsies were carried out 
17-72 h after death and 0.4-1.8 g of brain tissue was excised and 
frozen at —70 C until analysis within 14 d (experiments with rats 
showed that the affinity constants and density of binding sites can 
be safely determined I-3d after cessation of lorazepam or 
diazepam treatment, and that brains, left for 6h at room 
temperature and then for 3d at 4 C, have normal receptors). 
White matter contamination of grey matter was kept to a 
minimum, and grey matter contamination of white was avoided. 
The regional distribution of specific “H-diazepam binding sites 
was similar in all the brains. Table | therefore presents the average 
values from two to four brains. The receptor binding assay? 
consisted of an osmotically shocked crude synaptosomal prepara- 
tion which was incubated for 40 min at 0 C with 0.57-11.3 nM 
3H-diazepam (N-methyl-?H). 14.4Ci mmol ! (kindly donated by 
Willy Haefely of F. Hoffman-La Roche). After incubation, the 
receptor—ligand complex was separated by filtration through glass 
fibre filters and measured by scintillation counting. All binding: 


Fig. | Correlation between A, values for 7H-diazepam displacement 
of 13 clinically active benzodiazepines (the average for frontal and 
cerebellar cortex, from Table 2) and clinically recommended dosages 
(Danish Physicians desk reference to pharmaceutical specialities’ g 
The K-values for rat brain benzodiazepine receptors iS are also 





shown. The best curve fit was calculated by linear regression analysis. 
Numbers on graph indicate drug number in Table 2. a. r=0.974; 
P<O0.00). bors 


= (0,631: P<0.05, 
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Table | Benzodiazepine receptors in various regions of the human brain 
Specific Density of 
3H-diazepam 3H-diazepam 
binding receptors Ky ICso.nM) 

Brain region?° (c.p.m. per assay) (pmol per g protein) (nM) Diazepam Clonazepam 
Frontal lobe cortex (gyrus frontalis inf.) 960 + 200 (3) 860 + 130 (3) 3.5+0.3 (3) 22+ 8(3) 6.6 40.7 (3) 
Frontal lobe cortex (gyrus centralis inf.) 730+ 130 (4) 760+ 90 (4) 6.8+2.0 (4) 16+ 4(3) §.6+0.4 (3) 
Occipital lobe cortex (gyrus occipitalis lat.) 1,280 (2) 840 +110 (3) 4.8+0.8 (3) HW (2) 59 (2) 
Temporal lobe cortex (gyrus temporalis inf.) 870 + 260 (3) 670 + 150 (3) 4.9+1.3 (3) 20 (2) 6.5 (2) 
Cerebellar hem. cortex 580+ 20 (3) 580+ 40 (3) 4.2+0.5 (4) 1S+3 (3) 52413 
Vermis . 350 (2) 760 (2) 5.7 (2) 24 (2) 3.7 (2) 
Hippocampus 615+190 (3) 670 + 120 (3) 4240.63) 14 (2) 5.2 (2) 
Amygdala 165 () 510 d) 9 (D) 13 (a) 24 G) 
Hypothalamus 250+ 75 (3) 450 + 120 (3) 7.44+2.3 (4) $+ 4(3) 8.4+0.8 (3) 
Thalamus 560 2) 330+ 55 (3) 4.6 2) 20 (2) 4.0 Q) 
Nucleus caudatus 450+ 90 (3) 440+ 90(3) 4.34+1.4(3) 1s (2) 6.4+0.9 (3) 
Putamen + globus pallidus 455+ 65(3) 360+ 60 (3) 4.1+0.6(4) 1140.3 (3) 5.2+1.1 (3) 
Nucleus dentatus 80 (2) 160 (2) 7 (2) 18 (2) 4.1 0) 
Corpus callosum 85+ 20(3) 110 (2) 20 +7 (4) 70 (2) 5.8 (2) 
Pons 1104 508) 160+ 20(3) $ + 3) 40424 (3) 
Medulla oblongata 130 (2) 200 (2) 12 +6 (3) 30 +20 (3) 9.5 (2) 
Medulla spinalis 90 (2) 210 (2) 7 +2 (3) 50 (2) 9.) Q) 


The value for ‘specific binding’ represents the control binding (c.p.m. per assay, corresponding to 10 mg original tissue}at 1.9 nM 7H-diazepam used for 
ICso-välue determinations (see Table 2). The receptor densities were determined by Scatchard analysis (0.57. 1.6.4.5. 11.3 nM 7H-diazepam, each in 
triplicate), In all regions Ro 5-4864 (300 nM) displaced less than 50°, of specific 7H-diazepam binding. Values are the mean +5.e.m_of (n) different brains, 
each assayed once. Nonspecific binding of *H-diazepam amounted to 9-60", (120-200 c.p.m. per 10 mg wet tissue, at 1.90M 47H-diazepam) of total 


binding. depending on the region. 


values were calculated as specific binding, defined as binding 
displaceable by 3 x 107° M unlabelled diazepam. 

Table | shows the regional distribution of specific benzodi- 
azepine receptors in the human brain. The densities of binding sites 
(determined by Scatchard analysis) show marked regional vari- 
ations. The frontal cortex. occipital cortex, cerebellar cortex, 
temporal cortex and hippocampus contained the highest densities 
of specific binding sites (~ 700-900 pmol per g protein): in- 
termediate densities were noted in corpus striatum, globus pallidus 
and hypothalamus (inclusive mammillary body) while corpus 
callosum, nucleus dentatus and pons showed low densities. In 
independent assays, the amount of specific binding was de- 
termined using a fixed concentration of 7H-diazepam (1.9 nM). 
These values parallelled the receptor densities determined by 
Scatchard analysis. The high levels of specific *H-diazepam 
binding in cortical areas and the low levels in pons and medulla are 
very similar to the distribution in the rat brain??. 

Neuropharmacological data suggest that the hippocampus is a 
significant site of benzodiazepine action although several other 
brain areas have also been implicated! ’. Our results suggest that in 
addition to hippocampus, cortical areas may be important for the 
action of benzodiazepines. 


m 
Table 2 Inhibition of specific 7H-diazepam binding (1.9 nM) to human 
brain membranes by benzodiazepines 


K; (nM) 





No. Compound Frontal cortex Cerebellar cortex 
1 Lorazepam 1.5 1.9 
2 Flunitrazepam 3.5 3.2 
3 Clonazepam 4.3 3.4 
4 Diazepam li 7A 
5 Estazolam i 13 
6 Flurazepam 21 21 
7 Nitrazepam 36 25 
8 Bromazepam 37 43 
9 Tranxene 7) 56 

10 Oxazepam 150 120 

i Chlordiazepoxide 980 590 

12 Medazepam 1.780 840 

13 Ro 5-3636 1,910 1.410 

14 Ro 5-4864 24.500 13.200 


CEPETAN ACATA EEEE EEEE EEEE EE 

Serial dilution of benzodiazepines in duplicate were added to the high- 
affinity binding assays from either frontal cortex or cerebellar cortex. K; 
values were calculated using the equation: K,=1Cso/(} +(C/Kp)): 1Cso is 
the concentration causing 50°, inhibition of specific *H-diazepam 
binding: C =*H-diazepam concentration (1.9 nM) and Kp =affinity con- 
stant (3.5 and 4.2 nM. Table 1). Each value is the mean of two or three 
determinations with a range less than x 2.5. 


The apparent affinity constants (Kp) were about equal in most 
areas (3-7 nM) and similar to the Kp values for the rat brain 
receptor (2.6-3.6)*"*. Only two areas, the corpus callosum and the 
medulla oblongata. exhibited Ay values appreciably above 7 nM 
indicating that the specific binding of >H-diazepam in these areas, 
which also exhibited low binding. is different in nature compared 
with other brain areas. The Scatchard analysis of the different 
regions showed no tendency for binding to resolve into more than 
one component showing the presence of only one receptor type. A 
single receptor is also indicated by the similar 50%, displacement 
values (ICs) for clonazepam and diazepam in several brain 
regions, as well as parallel K; values for 13 benzodiazepines in 
frontal cortex and cerebellar cortex (Table 2). 

Brain-specific *H-diazepam binding in the rat is characterised 
by high affinities for 7H-diazepam (Kp ~3 nM) and clonazepam, 
but low affinity for the pharmacologically inactive benzodiazepine 
Ro 5-4864 (ref. 2). In contrast, a specific *H-diazepam binding site 
in homogenates of rat kidney and liver exhibits low affinity for °H- 
diazepam (Kp ~ 40 nM) and clonazepam and very high affinity for 
Ro 5-4864 (ref. 2). The findings that clonazepam and diazepam’ 
have high, and Ro 5-4864 low affinities for the *H-diazepam 
binding site in all human brain regions suggest that this site is 
analogous to the brain specific site in rat and different from the site 
in rat kidney and liver. 

There were no clear correlations between the regional distri- 
bution of 3H-diazepam binding site and the regional distribution 
of dopamine*, dopamine receptors®’’. noradrenaline’, noradre- 
naline receptors®-*, dopamine-f-hydroxylase (in the rat)’, 5- 
hydroxytryptamine (5-HT)*, 5-HT receptors®, acetylcholine (in 
the cat)>, acetylcholine receptors". choline acetylase*-°. y amin- 
obutyric acid (GABA)î®, GABA-receptors®'°. glutamic acid 
decarboxylase®’!'. endorphins (unspecified? or rat'?), opiate 
receptors®!4 and substance P (refs 15, 19). Only GABA, bicu- 
culline binding sites (in the rat!®), etorphine binding sites'* and 
the benzodiazepine receptors exhibit the rather unusual pattern of 
high levels in cerebral cortex and appreciable amounts in the 
cerebellar cortex. 

The ability of several clinically active benzodiazepines to 
displace *H-diazepam from the receptors (K; values) from both 
frontal cortex and cerebellar cortex correlate with the recom- 


mended daily clinical doses (Fig. 1). with an in vivo test for human | 
anti-anxiety’? (r =0.736; P<0.025) and with the K; values for the | 


rat brain receptor (Fig. 1), These results further demonstrate the: 
similarity between the benzodiazepine receptors in human brain 
and those in the rat brain, and suggest that they are involved in the 
clinical effeets of benzodiazepines. 
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Altered exploratory behaviour 
after 6-OHDA lesion to the 
dorsal noradrenergic bundle 


In spite of the considerable evidence about the behavioural 
functions of brain dopamine (DA), and especially the nigro- 
striatal tract'~*, relatively little is known about the functions 
of noradrenergic (NA) systems. Although they were in- 
itially suggested to be involved in learning'’" and the 
coding of reinforcement’, this is now clearly no longer 
tenable". Perhaps the best documented function of the 
dorsal noradrenergic bundle™:'® is in extinction situations". 
The actual behavioural mechanism involved in these situa- 
tions, and how it is altered by the lesion, remains complex 
although some progress has been made in its elucidation”, 
We report here what may prove to be a new class of behav- 
ioural deficit produced by selective destruction of NA 
systems. It was found that the response to novelty was 
altered in two different test situations after the lesion. 
Ten male albino Woodlyn rats weighing about 300g, 
received 4g of 6-hydroxydopamine (6-OHDA) injected 
Sterotaxically into the fibres of the dorsal bundle. Ten 
control animals received sham operations. The animals 
were allowed to recover for two weeks before behavioural 
testing started, After testing the ten treated and four of 
the control animals were killed and their brains assayed for 
NA”, This confirmed that the injection of 6-OHDA had 
produced severe depletion of forebrain NA (cortex—hippo- 
campus to 3.9% of control values and hypothalamus to 
25.5% of control). It is known from previous work using 
this same technique that no alteration occurs in the con- 
centration of brain DA". Behavioural testing consisted first 
of an examination of the exploratory behaviour in a com- 
plex, structured situation comprising a series of parallel 
-Tunways™, and second of the investigatory response of the 
animal to the introduction of a novel object into a familiar 
cage. Nine treated and nine control animals were deprived 
of food for 24h, placed in the start box of the maze 
apparatus and a few seconds later the door leading to the 
alleyways was raised. Measures taken included the time to 
emerge from the start box into the alleyways, the number 
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of alleyways entered in successive 3-min periods for a total 
of 21 min and the total time spent in the goal box before 
consumption of the first of four food pellets present there 
in a small elevated food cup. The 21 min of alleyway explo- 
ration started as each animal emerged from the start box 
and so was not contaminated by any possible difference in 
the emergence time between the two groups. 

The number of alleyways entered per 3-min period is 
shown in Fig. 1; treated animals showed considerably more 
exploration than controls. (Alleys entered in the total 
21-min period; treated mean = 96.3, control mean = 65.6, 
Mann-Whitney” U = 9, P < 0.01.) The time course (Fig. 1) 
revealed that the difference lay not in the initial rate of 
exploration in the first 3 min in the apparatus, but in the 
habituation to the novel situation with continued exposure. 
The treated rats also took longer to emerge from the start 
box (treated mean = 104s, control mean = 46 s, Mann- 
Whitney U = 22, P < 0.05) and took longer to consume the 
first food pellet following entry to the goal box (treated 
mean = 91.5s, control mean = 20.6s, Mann-Whitney 
U = 15, P < 0.05). Thus, it seems from this experiment 
that exploration may be increased by the 6-OHDA lesion, 
possibly by a failure to habituate to the novel environment: 
to test this further, a second experiment was carried out. 

The same animals (ten treated and ten controls) that had 
been used previously were placed on an ad libitum diet for 
2d and then habituated to a wooden cage for 15 min. Dur- 
ing this period the number of times the animals crossed the 
line dividing the cage in two along the long axis was 
recorded as an index of spontaneous locomotor activity. 
At the end of a 15-min period the animal was removed 
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Fig. 1 The mean number of alleyways entered in a 3-min period 
plotted against successive periods for a total of 21 min in the 
‘parallel runway’ apparatus for control and 6-OHDA-treated 
animals. Treated rats received stereotaxic injections of 4 ug of 
6-OHDA base (obtained as 6-OHDA HBr) dissolved 
in 2 ul of 0.9% saline with 0.3mg ml! ascorbic acid 
antioxidant infused at the rate of 0.2 ul min-* over 10 min at 
the coordinates AP2.6, ML1.1 and DV 3.7 according to 
Konig and Klippel. Controls were anaesthetised, positioned in 
the stereotaxic and burr holes drilled at these coordinates. The 
stars indicate that the two groups differed significantly at that 
time point. One star at the 5% level, and two stars at the 1° 
level. NS, No significant difference between the groups. O, 
Control animals (n = 9); @, treated animals (n = 9). 
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briefly and a novel object (cylinder 4.5inch by 2.5 inch in 
diameter) was placed in one side of the apparatus and the 
rat replaced in the opposite side. The latency of the first 
approach to the novel object was noted, as was the total 
time spent in contact with the object over the next 15 min. 
Although no alteration in the latency to approach the novel 
object was found (treated mean = 7.4s, control mean = 
7:9 s), the time in contact was significantly higher for the 
treated animals (treated mean = 79.8 s, control mean = 
40.0s, Mann-Whitney U = 20, P < 0.05). This suggests 
that, in this simple situation as well, the lesion increased 
the amount of exploratory behaviour shown towards a 
novel object. The number of times that the rat initiated a 
bout of exploration aimed at the novel object was also 
recorded and this:did not differ from controls (treated 
mean = 30.3, control mean = 22.2, U = 39, not significant) 
suggesting that the lesion had not altered the frequency 
of initiation of an exploratory bout, but since the total 
time in contact with the object was increased in the treated 
rats, had rather interfered with the ability to habituate to 
that object and stop exploration. The locomotor activity 
counts during the habituation phase before introduction of 
the novel object rule out either hyper- or hypoactivity as the 
cause of the increased exploration, since no difference was 
found between treated and control animals (treated mean = 
29.7, control mean = 23.7, U = 43, not significant), and 
this has also been shown several times in other situations”. 
A second locomotor activity measure taken on these same 
rats in photocell cages confirmed this (treated mean = 790 
beam interruptions in 21 min, control = 976, t statistic = 
1.61, not significant). We have since replicated these two 
exploration experiments with identical results in another 
group of animals depleted of brain NA. 

The results reported here add to the few functions 
already demonstrated’ for NA systems. Since our 
lesions resulted in severe depletion of hypothalamic NA as 
well as cortical-hippocampal NA we cannot as yet say 
whether this effect is due to the dorsal NA projection from 
the locus coeruleus or the so-called ventral bundle arising 
in more posterior cell groups and innervating the hypo- 
thalamus'**. The behavioural mechanism involved must 
also remain indeterminate at this time. It is of interest, 
however, that animals with similar lesions have been shown 
to be resistant to extinction in a number of situations**"**””, 
Whether the elevated exploratory behaviour observed in the 
dorsal bundle lesioned animals similarly reflects impaired 
extinction of the exploratory response is not known. It is 
possible that the present observations may be yet another 
measure of the deficit which has been observed in other 
situations "S", or they may be due to damage to in- 
dependent mechanisms possibly reflecting noradrenergic 
deafferentation in different terminal regions of the brain. 
Another possibility is that, as has been reported after locus 
coeruleus lesions’*’", these animals may be less fearful and 
so tend to ‘freeze’ less and thus explore more. This seems 
less likely since the initial rate of exploration in the first 
3min in the maze apparatus did not differ from controls, 
suggesting that the immediate fear reaction was not altered. 
The subsequent habituation was retarded, however, suggest- 
ing perhaps that the treated animals might be unable to 
learn to overcome their fear. It has been suggested™™ that 
the central emotional state produced by fear has similarities 
to that produced by frustration (caused by omission of an 
expected reward) and that the dorsal bundle lesioned rat 
may be impaired in learning about or remembering frus- 
tration (S. T. M. and S. D. Iversen, unpublished), although 
its general learning capacity in situations not involving 
frustration or similar states is unaltered", An increase in 
the immediate baseline fear reaction is also counter- 
indicated inasmuch as no increase in the latency to approach 
thé novel object immediately after its introduction was 
observed. Certain additional mechanisms may be tentatively 
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excluded since it has been shown that no deficit in internal 
inhibition (ref. 30 and S. T. M. and S. D. Iversen, un- 
published), some forms of attention (S. T. M. and T. W. 
Robbins, unpublished), perseverance” or general learn 
ing ability“ is present in these animals. The data reported 
here also rule out simple locomotor activity mechanisms. 


Further research will be required, however, to elucidate the) 
basis of this alteration in exploratory behaviour found after 


depletion of forebrain NA. 
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Cerebral lateralisation effects 
in visual half-field experiments 


Tae systematic study of behavioural differences related tos | 
differential functioning of the cerebral hemispheres has 
increased markedly in recent years. The studies of Sperry 
and his collaborators’ on cerebral commissurotomy patients 
have stimulated many investigations into the hemisphere 
specialisations of normally functioning subjects. There are 
now many reports’’ of statistically significant differences 
in hemisphere performance. Although hemisphere. dif- 
ferences are consistent across independent experiments, they 
are small, occasionally inconsistent, and found within a 
limited experimental context, and so the generality of 


hemisphere differences remains to be established. We 


present here brief accounts of six experiments on cerebral 
lateralisation, four of which failed to find any differences 
and two which produced highly significant hemisphere 
differences. On the basis of this and published work, we 
believe that we can offer both a possible explanation for 
both the presence and absence of cerebral lateralisation 
effects in visual half-field experiments and also procedural 
guidelines that will produce cerebral lateralisation effects. 


. & Maas, J. W. 6th Ann. Mtg 
. H., Snyder, D. R. & Maas, J. W. Brain Res, U6. 
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Much of the method for our six experiments is identical. 
Adult right-handed subjects fixated on a reference point 
in a three-field tachistoscope and indicated readiness to 
the experimenter. Stimuli were then shown for a period not 
exceeding 150ms to the light visual field projecting to 
the left hemisphere (RVF-LH), or the left visual field 
projecting to the right hemisphere (LVF-RH), or with 
one member of a stimulus pair projected to each visual 
field (EVF). In all experiments, stimuli were located 2.5° 
of visual angle from the fixation point. Hlumination level 
was 15ftL. 

Experiment 1: Stimulus materials were 96 words selected 
from a list of common Chinese terms using the norms 
developed by Liu and Chuang‘ and their English equivalents 
(most English words used have A or AA Thorndike-Lodge 
ratings). The Chinese stimuli were all single characters 
which were drawn with a felt-tip pen and spanned 0.84° 
of visual angle. The English words (ranged from three to 
six letters) were done with Letraset 20 point Helvetica and 
spanned horizontally 0.84°-1.30° of visual angle at maxi- 
mum. Forty-eight of the pairs were direct unambiguous 
translations and 48 were dissimilar terms. Presentation to 
RVF-LH, LVF-RH, and EVF were equal and randomised. 
Eight subjects fluent in reading Chinese and English 
responded by saying ‘yes’ if a stimulus pair had the same 
meaning and ‘no’ if they did not. Each of the 96 stimulus 
pairs was shown once, No term occurred more than once. 

An analysis of variance of reaction times for making 
correct decisions revealed a statistically significant effect 
(F 1, 7) = 19.90, P < 0.01) for same-different judgments, 
indicating that decisions that two terms did not have the 
same meaning required more time than judgments of 
identity. Differences between visual fields and interactions 
did not differ appreciably from chance levels. Mean 
reaction times for experiments 1-4 are given in Table 1. 
Experiment 2: At random, six of the stimulus pairs used 
in experiment 1 were discarded. The remaining 90 were 
then arranged as 30 English-English pairs, 30 Chinese- 
Chinese pairs, and 30 Chinese-English pairs (selected from 
the word pairs of experiment 1). Within each 30-pair set, 





Table 1 Mean reaction times for experiments 1-4 








Experiments 
9 


Condition 1 2 3 4 
x X x X 
English- LVF-RH Same 1,185 1,220 767 
English Different 1,310 1,017 806 
VF-LH Same 1,176 1,264 715 
Different 1,320 1,035 740 
EVF Same 1,084 1,048 
Different 1,367 1,066 
Chinese- Same 1,093 1,087 854 
Chinese Different 1,141 1,084 796 
Same 1,188 1,085 834 
Different 1,098 1,127 794 
Same 1,057 1,202 
Different 1,132 1,107 
Chinese- LVF-RH Same 1,341 1,175 
English Different 1,976 1,722 
RVF-LH Same 1,413 1,355 
Different 1,955 1,606 
EVF Same 1,240 1,229 


Different 2,099 1,584 


In experiment 1, response time was taken with an electronic voice 
key stopping an ms-timer activated when the stimulus was shown. In 
experiments 2-4, it was measured by pressing one of two buttons on 
a horizontal panel in front of the subject, so arranged as to allow 
comfortable arm placement. Subjects were instructed to press one 
button if the members of the pair shown were the same and the other 
button if they were different. The index finger of each hand was used 
to respond, with hand used for ‘same’ or ‘different’ responses 
counterbalanced across subjects. The timing mechanism was that 
used in experiment 1. 
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15 terms were identical and 15 different. Presentation to 
visual fields was as in experiment 1. Each stimulus pair 
was shown once and no terms were repeated. Subjects 
were 20 Chinese-English bilinguals, fluent at reading 
Chinese and English, and this time a manual (instead of 
oral) response was used. 

Data analysis was identical to that in experiment 1. 
Only one comparison—that for judgments of same—different 
-—reached an acceptable level of statistical significance 
(F (1, 18) = 19.60, P<0.001). As was found in experiment 1, 
judgments of sameness take less time than judgments of 
difference. No visual field~hemisphere differences were 
present. The Chinese-English EVF data from experiments 
I and 2 were further partitioned into trials in which the 
Chinese was on the left and the English was on the right 
and vice versa. No reliable effect was obtained from this 
contrast either. 

Experiment 3: Eight monolingual English subjects made 
judgments of same-different to the 30 English—English 
pairs and 30 Chinese-Chinese pairs used in experiment 2. 
Stimuli were shown once, with no repetition. Manual 
response reaction time was taken as dependent measure. 
Analysis revealed no statistically significant effects for 
any condition. No visual field-hemisphere differences were 
present and differences in response time to language 
(Chinese against English) and type of judgments (same 
against different) were not significant. 

Experiment 4: Eight monolingual English subjects made 
judgments of same-different on stimulus pairs made up 
of only four Chinese characters and four English words. 
Within each language, every word was paired with every 
other word for ‘different’ stimulus pairs and with itself 
for ‘same’. Presentation of either the Chinese~Chinese or 
English-English pairs was made only to RVF-LH and 
LVF-RH fields for 200 trials, which were distributed over 
five blocks with 40 trials per block. An analysis of variance 
of reaction times revealed a significant interaction effect 
of language by visual field by trial (F (4, 28) = 4.00, 
P < 0.01). Inspection of mean values indicated that reaction 
time by hemisphere effects increases systematically over 
trials and the data in the last block show a faster reaction 
time to English-English stimuli in the RVF-LH and a 
similar, though smaller, effect for Chinese—Chinese stimuli 
in the LVF-RH. 

Experiment 5: Seventy-five subjects made judgments of 
same—different on pairs of figures selected from the spatial 
ability subtest of the Thurstone primary mental abilities 
test’. Stimulus pairs occupied about 2.5° of visual angle, 
were immediately adjacent, and at either 45° or 180° 
of rotational difference from each other. Stimuli were 
defined as ‘same’ when rotation in a clockwise or counter- 
clockwise direction allowed one stimulus to completely 
cover the other. When stimuli were mirror images, they 
were defined as ‘different’. Seventy-two stimulus pairs 
were used, each pair shown once. The types of figures 
used each appeared twice, although no combination was 
ever repeated exactly. Reaction time was not measured 
in this experiment, the accuracy of response being the 
only parameter. Analysis of variance indicated no signi- 
ficant effects for visual field-hemisphere, type. of judgment, 
or degree of rotation. 

Experiment 6: Six pairs of stimuli were selected at random 
from the stimuli used in experiment 5. Three stimuli were 
‘same’ and three were ‘different’, as defined in experiment 
5. Eight subjects were shown the stimulus pairs, randomly 
presented to RVF-LH or LVF-RH only for 200 trials. An 
analysis of response accuracy showed that stimuli shown 
in the LVF-RH are judged more accurately than the 
same stimuli shown in the RVF-LH and that more errors 
were made in the ‘same’ pairs than in tne ‘different’ pairs. 
Mean accuracy judgments for experiments 5 and 6 are 
given in Table 2. 
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Table 2 Mean accuracy scores for experiments 5-6 





LVF-RH Same 6.43 29.23 
Different 7.24 36.49 
RVF-LH Same 6.06 18.12 
Different 7.73 33.12 
EVF Same 7.28 
Different 9.15 





‘The accuracy scores were obtained by counting the number of 
correct responses made by subjects across all experimental trials. The 
highest score possible in experiment 5 is 12 and in experiment 6 is 50. 


In summary, experiments 1, 2, 3 and 5 failed to detect 
any sign of hemisphere differences in judgment processes. 
These null effects should not be attributed to the insensi- 
tivity of the experimental design, since by merely changing 
the ratio of trials to experimental stimuli experiments 
4 and 6 both found significant hemisphere function 
differences, similar to those reported by other 
investigators’. 

In most interpretive models of cortical processing, an 
individual listening’ to. the spoken word or engaged in 
reading, is hypothesised as having language information 
sent to the left hemisphere for processing, semantic 
analysis and understanding. An appropriate language 
response is hypothetically generated within the left hemi- 
sphere. Similar formulations are proposed for visuospatial 
processes within the right hemisphere. Our results cannot 
be explained within such interpretative models. 

An activation model, such as that proposed by 
Kinsbourne’, also seems unable to account for our results. 
Given that all judgments will be semantic comparisons or 
pattern matches, the expectation from an activation model 
is that the hemisphere specialised for such processing will 
be activated and will show superior performance. No such 
process is evident in our experiments. 

An alternative explanation is that lateralisation effects 
often reported in visual half-field experiments are not 
a function of immediate cognitive processing in specialised 
cortical areas, but do reflect hemisphere difference in 
memory storage location. The experiments reported here 
are consistent with such a formulation. If a subject has 
to evaluate new information on each trial, his reaction 
times or his response accuracy do not differ systematically 
with visual field presentation. Given such a reinterpretation 
of lateralisation phenomena, it is important to know if 
others have obtained similar results using the conditions 
described. A review of experiments reporting significant 
hemisphere specialisation effects indicates the number of 
stimuli used to range from 4 to 64, with the number of 
trials from 40 to 1,072. By contrast, published accounts 
which report no hemisphere specialisation differences*””’ 
have, in general, equal numbers of stimuli and trials. 
It would be of interest to reanalyse data from studies 
reporting lateralisation effects to see if the trends found 
in our experiments 4 and 6 are present there. Bryden” 
has reported such trends but to our knowledge they have 
not otherwise been investigated systematically. 

The interpretation of these results seems straightforward: 
to obtain cerebral lateralisation effects, produce a condition 
that allows judgments to be made from memory. 
Experimentally, where a new evaluation and decision must 
be made on every trial, there is little evidence for any 
lateralisation of function. When the number of stimuli 
to be judged are so few that the subject may adopt a new 
strategy and carry out simple matching from a memory 
set of known size, then cerebral lateralisation effects are 
found, 

These results suggest a number of interesting possibilities 
for the study of specific kinds of memory storage. Decreases 
in response time in relation to visual field presentations 
also suggest an interesting way of assessing when an item 
is firmly committed to memory. The most important 
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aspect of these findings, however, is the strong implication 
that (1) active cognitive processes are not lateralised, and 
(2) interpretative models which view active cognitive pro- 
cessing as being lateralised are not correct. The present 
work gives no support to the theory that, dealing with 
events which require active, immediate, continuous 
processing of a constantly changing flow of information 
is limited to one hemisphere at a time. os 
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Calcium-dependent : 
regenerative responses in rods 


CO SAD vA w N= 


NEURONES are thought to contain ion-selective channels 
whose opening and closing are regulated by the potential 
difference across the plasma membrane. It is thought that 
the sodium, potassium, 


mitter release pass through these channels. Investigations 
of voltage-dependent 
revealed remarkable uniformities in the ion selectivity 
and pharmacology of presumed membrane channels 
The use of agents which block specific currents has pro- 
vided a tool for the identification of voltage-dependent con-. 
ductances in nerve membrane, which we have used. to. 
investigate vertebrate photoreceptors. We show here that 
when the retina of the toad Bufo marinus is superfused 
with Ringer containing 6-12mM_ tetraethyl ammonium: _ 
(TEA), rods generate oscillations and action potentials 
resembling the calcium spikes which have been described 
in various vertebrate and invertebrate preparations’. These 
experiments demonstrate that the rod membrane is not 
passive, as is often assumed, but contains at least one and 
probably two voltage-dependent conductances. 

Retinas were removed from the eyes of dark-adapted 
toads under dim red illumination and were secured with 
receptors upwards in a perfusion chamber. Oxygenated 
Ringer flowed from a gravity-controlled perfusion system 
into a 0.03-ml pool above the retina at a rate of 
0.5-1.0 ml min“. Silver-silver chloride electrodes were 
fixed in the chamber below the retina and above it in 
the perfusion pool to record the electroretinogram (ERG), 
and simultaneous recordings were made of intracellular 
responses with fine micropipettes with resistances of 
200-400 MQ. When the b-wave of the ERG reached a 
stable, dark-adapted threshold, a 2 
lowered through the perfusion pool with an hydraulic’ 
microdrive. Just after reaching the retina, the pipette 
penetrated cells with response waveform, absolute 





and calcium currents which 
generate action potentials and modulate synaptic trans- 


currents in various species have... 


oe 


micropipette was. 
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sensitivity, spectral sensitivity, and light adaptation charac- 
teristic of ‘red’ rods recorded in previous studies on toad 
eyecup’. Rods were stimulated with large-field, 516nm 
light from a conventional, dual-beam photostimulator. 
Normal Ringer had the following composition: 96 or 
106mM NaCl, 1.8mM NaSO, 0.13mM NaH COs, 
2.5mM KCl, 12mM MgChk, 1.8mM CaCl, 5.6mM 
glucose, and 3.0mM HEPES, adjusted to pH 7.8 with 
approximately 2mM NaOH (Ringer modified from ref. 5). 
All experiments were performed at approximately 22 °C. 
Since TEA has been shown to block potassium currents 
in nerve membrane’, we examined its effect on the rod 
photoresponse. We found that 6-12mM TEA, either 
added to normal Ringer or substituted for NaCl, depolarises 
the rod membrane by 3-SmV. In addition, the receptor 
potential returns more quickly to the baseline and is 
followed by 3-4 Hz, regenerative oscillations (Fig. la). 
The peak-to-peak amplitude of the oscillations is initially 
as large as 35mV but decays to zero within 45s. After 
extended perfusion in TEA-Ringer, the amplitudes of the 
oscillations decay to zero following the light flash more 





C 





~ (lia 


Fig. 1 TEA-induced oscillations in toad rods. a, b, and c, from 
different retinas. Each shows representative records taken from 
one continuous recording from a single rod in a dark-adapted 
retina. All responses are to 109-ms flashes of 516 nm, full-field 
illumination. a, Effect of TEA on rod responses. Left trace, 
response in normal Ringer (see text). Middle trace, after changing 
to Ringer containing 12 mM TEA chloride substituted for NaCl. 
Note 3.5 mV depolarisation of the dark membrane potential, 
faster decay of receptor potential toward baseline, and oscillations. 
Right trace, after return to normal Ringer. Membrane potential 
has repolarised, and the receptor potential waveform has 
returned to that observed initially. Stimulus intensity for each 
response was 9.3 log quanta per cm? per flash. 6, Ca** dependence 
of rod oscillations. Left, response in Ringer containing 12 mM 
TEA and normal Ca?* concentration (1.8 mM), Middle, in 
12 mM TEA Ringer containing 1.0 mM Ca®*. Note 5 mV 
depolarisation of membrane potential and decreased amplitude 
and duration of oscillations. Right, in 12 mM TEA and 0.5 mM 
Ca**. Membrane potential has depolarised 11 mV from that 
observed in TEA and normal Ca?*. Oscillations have nearly 
disappeared. Stimulus intensity: 9.8 log quanta per cm? per 
flash. e, Oscillations blocked by Co**. Left, response in Ringer 
containing 12 mM TEA. Middle, in Ringer containing 12 mM 
TEA and 50 uM Co?*. Note slower decay of response to baseline 
and decreased amplitude of oscillations. Right, in Ringer 
containing 12 mM TEA and 100 uM Co®*. Oscillations have 
disappeared. Stimulus intensity: 9.8 log quanta per cm? 
per flash. 
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slowly than shown in Fig. 1, and eventually the oscillations 
become spontaneous in the dark. Similar oscillations are 
produced when the retina is superfused with Ringer con- 
taining 3mM of the potassium channel blocking agent 
4-aminopyridine’, or when the Ca’ in the Ringer is 
replaced by Sr** or Ba**. The oscillations can be recorded 
in the b-wave of the ERG, suggesting that the rods and 
second-order cells are all oscillating in phase. This is not 
unexpected as we stimulate the retina with a large, uniform 
field, and as the responses of the rods are tightly coupled 
by an extensive network of gap junctions’. 

The effect of TEA on toad rods resembles that described 
for crustacean muscle fibres*** and for the presynaptic 
terminal of the squid giant synapse. In these cells the 
membrane contains a voltage-dependent calcium con- 
ductance which, in the absence of TEA, is thought to be 
shunted by the development of a much larger, voltage- 
dependent potassium conductance. TEA seems to block a 
part of the potassium conductance, permitting the calcium 
current to become regenerative. Although we have no 
direct evidence that TEA is blocking a potassium conduc- 
tance in rods, we have tested to see if a calcium current 
contributes to the oscillations in TEA Ringer by examining 
the effect of changes of external calcium concentration on 
the amplitude and duration of the oscillations. We found 
that as the calcium concentration is reduced, either by 
substituting Mg’* for Ca’ or by removing Ca** from the 
Ringer, the membrane potential depolarises, probably as 
the result of an increase in sodium conductance’, and 
the oscillations become smaller and decay more quickly. 
This is shown in Fig. 1b. In 0.5mM Ca” (right trace) the 
oscillations become quite small and, with prolonged per- 
fusion, may vanish altogether. When all of the calcium is 
removed from the Ringer, the oscillations rapidly disappear. 
These effects are completely reversible if exposure to low 
calcium Ringer is not prolonged. In contrast, the oscilla- 
tions are unaffected by the removal of Mg** from the 
12mM TEA Ringer. 

Increases in [Ca**] produce somewhat more complicated 
effects. We found that small increases in extracellular 
calcium cause small membrane hyperpolarisations, prob- 
ably by decreasing the sodium conductance’, Con- 
comitant with this change in potential, there is a dramatic 
increase in the oscillation amplitude. In Ringer containing 
TEA and 2.7mM (1.5 times normal) or 3.6mM (twice 
normal) Ca’*, the oscillations of most cells become action 
potentials, up to 45mV in amplitude and 60-100 ms in 
duration (Fig. 2). The action potentials are spontaneous 
in the dark but are interrupted by stimulation with light. 
The depolarising components of the action potentials are 
followed by SmV_hyperpolarising undershoots, which 
decay to the baseline in 0.5-1 s. If the concentration of 
Ca** is increased to 5-16mM, the rod is further hyper- 
polarised, and both the action potentials and oscillations 
are suppressed. We believe that the suppression of the 
spikes in high Ca** concentration may simply be the result 
of the hyperpolarisation of the membrane potential below 
the spike threshold. Our reason for thinking this is that large 
spontaneous action potentials can be recorded when high 
concentrations of Sr** are added to TEA Ringer containing 
normal Ca** (1.8 mM). For the rods, as for many other 
nerve and muscle cells’, Sr** seems to be able to substitute 
for Ca** as a current carrier in calcium action potentials. 
Unlike Ca’*, however, Sr’* has little effect on the rod 
membrane potential. As the Sr** concentration is increased, 
the amplitude of the action potential increases continuously, 
and in 28 mM Sr” the spikes are nearly 60 mV. 

To provide further evidence for the identification of the 
mechanism producing the oscillations, we studied the 
effects on the TEA-induced responses of agents known to 
block calcium channels’*. We found that the oscillations 
were reversibly blocked by the addition of low concentra- 
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tions of cobalt chloride (Fig. Ic). In 50 uM Co” (Fig. Ic, 
middle trace), the effect of TEA on the decay of the 
response is partially reversed (that is, the decay to the 
base line becomes much slower than in normal TEA 
Ringer), and the oscillations are smaller and begin several 
seconds after the decay of the photoresponse. In 100 2M 
Co” (Fig. ic, right trace), the oscillations disappear. The 
oscillations are also reversibly blocked by Mg’*, but the 
required concentration is much higher (2.5-5mM). A 
greater sensitivity to Co’* than to Mg** has been previously 
observed for calcium currents in crustacean muscle and 
for transmitter release”. The drug D-600, which has 
been shown to block the late phase of calcium entry in 
squid axon, also produces a reversible block of rod 
oscillations at a concentration of 10°‘ M. 

In contrast to Co, Mg” and D-600, tetrodotoxin at 
2uM, a concentration more than sufficient to block 
sodium currents in axons’, has no effect on the rod 
oscillations. The substitution of choline chloride for NaCl in 
the Ringer eliminates the oscillations, but this procedure also 
produces a large hyperpolarisation of the rod membrane 
potential’. In choline chloride Ringer containing 28 mM 
SrCk, rods generate 35-40 mV, spontaneous action 
potentials. This experiment shows that sodium is not 
necessary for the generation of regenerative responses in 
rods but does not exclude the possibility that sodium 
currents contribute to the oscillations in normal Ringer. 

The results described above are not incompatible with 
the possibility that the oscillations are caused by an inter- 
action between receptors and second-order cells, since 
changes in Ca?* concentration or the addition of Co”* or 
Mg** to the Ringer could also affect synaptic transmission. 
In fact, Normann and Pochobradsky’* have reported 
spontaneous ‘oscillations in the membrane potential of toad 
rods which they believe to be caused by such interactions. 
We have not been able to examine the possible relation 
between the spontaneous oscillations of Normann and 


a 


| 


100 ms 


Fig. 2 a, Action potentials recorded from a toad rod during 

superfusion with Ringer containing 3.6 mM Ca** (twice normal 

concentration), no Mg?+, and 12 mM TEA. Spikes are spon- 

taneous in the dark but cease during the response to a 109-ms 

516-nm, full-field flash of intensity 9.8 log quanta per cm? per 

flash. b, Action potential from cell of Fig. 2a on an expanded 
timescale. 
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Pochobradsky¥ and the TEA-induced regenerative responses 
we report, as we have never observed spontaneous 
oscillations in rods superfused with normal Ringer. It is 
unlikely, however, that the regenerative responses we have 
described are caused by synaptic interactions. The addition 
to the Ringer of 2mM sodium aspartate, which has been 
shown to block the responses of second-order horizontal 
and bipolar cells in the retina", has no effect on the 
amplitude or frequency of TEA-induced oscillations, even 
though in our experiments sodium aspartate blocks the 
simultaneously recorded b-wave of the ERG. 

Our results suggest that the oscillations and action 
potentials produced by the rods in the presence of extra- 
cellular TEA are caused by regenerative calcium currents. 
We cannot as yet exclude a contribution to the oscillations 
from an inward-going sodium current; however, the 
dependence of oscillation amplitude on external calcium 
concentration, the extreme sensitivity of the oscillations to 
external Co’* and D-600, and their insensitivity to tetrodo- ` 
toxin all argue against a major role for sodium. Further- 
more, the spikes in high Ca** TEA Ringer have a time 
course resembling that of calcium spikes in other systems’, 
being much slower in rise time and° longer in duration 
than that of any sodium spike. so far described. 

Although we believe that calcium. carries- the inward 
current which produces the rising phase of the spikes and — 
oscillations, we are uncertain of the mechanism for their . 
falling phase. It seems unlikely that the repolarisation is ` 
caused by inactivation of the calcium conductance, as | 
calcium inactivation in other systems seems to be too | 
slow", We have tested for a possible role for a chloride 
conductance by replacing all the NaCl in the TEA Ringer 
with sodium isethionate, but we found no effect on the 
oscillations. We suggest that, in addition to a calcium. 
conductance, the rod membrane contains a voltage- 
dependent or calcium-activated potassium conductance, 
which is only partially blocked by external TEA. i 

We have no evidence as to the location of the presumed `: 
calcium channels in the rod membrane or their possible 
functional significance, though we suppose that at least 
part of the calcium conductance is involved in synaptic: 
transmitter release. Our recordings are probably made. — 
from the outer segment of the rod”~”, but it is possible 
that the oscillations are generated near the synaptic 
terminal and spread passively to the distal end of the r 
receptor. - 

We thank Mr Bernard Lacaisse for constructing the — 
perfusion chamber and photostimulator and Dr S. Hagiwara 
for reading a draft of the manuscript. This investigation 
began in Paris with the assistance of an exchange fellow- 
ship to G.L.F. from Harvard University and The Institut 
National de la Santé et de la Recherche Médicale, — 
France. The work was supported by grants from the . 
DGRST (74-7-0385) and CNRS (ATP 1288) to H.M.G.;" 
from the Norton Simon Foundation, Fight For Sight, Inc. 
and the NIH (EY 01844) to G.L.F.; and by a postdoctoral 
traineeship (EY 7026) to F.N.Q. 

Note added in proof: Measurements of the current—voltage 
curve of rods in normal Ringer show a region of outward- 
going rectification positive to the dark membrane potential 
which is markedly reduced in 12mM TEA. Calcium- 
dependent regenerative responses have also been recorded 
from the presynaptic terminal of barnacle photoreceptors”. 
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Tonic interactions in the 

potassium channel of squid giant axons 

ONE of the simplest questions that can be asked about how ions 
cross biological membranes is whether or not they do so inde- 
pendently of one another. That is. is the probability of movement 
of an ion unaffected by the presence of other ions? In particular, 
with independent movement, the efflux of an ion should not be a 
function of the external concentration of that ion. Using long- 
lasting depolarisations. Hodgkin and Keynes demonstrated! non- 
independent movement of K * ions across the membrane of Sepia 
axons. Since the Na channel responsible for initiation of the action 
potential inactivates very rapidly on depolarisation, potassium 
dons were probably not moving through this pathway—even 
though the channel is permeable to them as well as to Na * ions. But 
since the K channels (partly responsible for termination of the 
action potential) also inactivate on prolonged depolarisation? the 
K efflux measured by Hodgkin and Keynes was presumably 
mainly through inactivated K channels and the so-called “leakage 
pathway’. We report here on experiments that demonstrate non- 
independent ion movement through the activated K channel of the 
giant axon of Loligo pealei, using tetrodotoxin to block the Na 
channels, and short-step depolarisations to minimise K-channel 
inactivation, 

Techniques for membrane voltage measurement and control 
have been described previously*. The axons were perfused in- 
ternally with a solution containing 400 mM potassium labelled 
with 47K. The artificial seawater (ASW) bathing the axons 
contained various K concentrations up to 75 mM. Allexperiments 
were done with a holding potential of —78 mV. and the data 
obtained with 20-40-mV depolarisations lasting for 20-30 ms. 
These pulses opened a sufficient number of K channels to produce 
measureable flux rates, yet were small enough to minimise K 
loading of the periaxonal space. Even so, some K loading into the 5 
or 20 mM _ K-ASW solutions was detected from the reversal 
potential at the end of the depolarising pulse. To obtain a ‘mean’ 
value of external K during the pulse, we averaged the nominal K 
concentration in the ASW and the value computed from the 
reversal potential. Very little loading was observed for the ‘high K` 
solutions. More refined averaging procedures would not alter the 
conclusions of the study. 

Figure | shows 47K efflux into ASW containing either 20 or 
5 mM K. As expected, resting #?K efflux from this hyperpolarised 
axon (2-4 pmol cm”? s~!) was lower than that reported for axons 
at rest*4. For a period of 7.5 min the membrane voltage was 
clamped once every 300 ms to a potential of —53 mV for 30 ms. 
The isotope efflux quickly increased during this period to a 
constant value, and rapidly returned to the low values following 
cessation of the pulses. With the membrane potential still main- 
tained at — 78 mV. the external solution was then changed to one 
containing only 5 mM K. After a 7.5-min control period, the same 
stimulation procedure was repeated. The efflux during repetitive 
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Fig. 1 Potassium efflux from an axon perfused internally with a 
solution containing 400 mM K + (labelled with +?K) into artificial 
seawater (ASW) containing 20 (a) or 5 (b) mM K +. The perfusion 
solution contained (in mM): K glutamate, 320: KF. 50; sucrose 260; 
K phosphate, 30: pH 7.3. Perfusion pressure was produced by a 
motor-driven syringe delivering about 2 ulmin +. ASW composition 
was as follows (in mM). NaCl + KCI, 430: MgCl,, 25: MgSO,, 25: 
CaCl,. 10: EDTA. 0.2: Tris- HEPES (pH 7.8), 5. ASW was delivered, 
at 2.7 ml min™!, to the centre of the experimental chamber (volume 
~ 0.5 ml) bya peristaltic pump. removed by two pumps (0.9 ml min”! 
each) through outlets located 3 mm on either side of the inlet. and 
collected in |.5-min aliquots. The remainder of the flow was removed 
by suction through outlets located at the outermost edges of the 
chamber, and discarded: this was done in order to prevent collection 
of €K originating from imperfectly clamped regions of the axon 
Cend-effects’). The axon membrane voltage was held at —78 mV 
throughout the experiment, except during the periods indicated by 
the horizontal bars, when the axon was depolarised by a 25-mV. 30- 
ms rectangular pulse every 300 ms. 





depolarisation was about twice that in the 20-mM solution: any 
spontaneous deterioration of the axon could only have caused an 
underestimation of this difference. Our voltage-clamp records 
showed little or no effect of external potassium on the kinetics of 
opening or closing of the K channels. 

Figure 2 shows a similar record for another fibre. first in 50 mM 
K and then in 20 mM K-ASW, depolarised once every 200 ms by 
40 mV for 30 ms. Since many more K channels are opened at 
— 38 mV than at — 53 mV, extra efflux here was much larger than 
that in the experiment of Fig. |. Again, the efflux was greater into 
the solution containing the lower K concentration. After about 
45 min. 2mM 4-aminopyridine was added to the ASW. This 
compound is known to block the ‘late’ (that is. potassium) 
channels of giant axons”. In the present experiment, the late 
outward current was reduced to less than 10% of control:extra ##K 
efflux was also reduced to very low levels by this treatment, 
suggesting that a very large proportion of the measured flux in our 
experiments took place through K channels rather than ‘leakage’ 
pathways. 
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Fig. 2 Effect ofexternal potassium ions and 4-aminopyridine on °K 

efflux. Experimental procedures were as in Fig. 1. Holding potential 

was —78 mV throughout the experiment. During the periods 

indicated, the axon was depolarised by a 40-mV. 30-ms rectangular 
pulse every 200 ms. a. 50m K*:h,20mM K+. 


Nature Vol. 269 20 October 1977 


The results of our experiments are summarised in Fig. 3. The 
42K efflux (normalised to the value for 20 mM K-ASW) is plotted 
against external K concentration for two values of the depolarising 
pulse (30 and 40 mV). In both cases +K efflux decreases with 
increasing external [K]. in violation of the independence principle. 
The relative inhibitory effect of external K on 47K efflux. however. 
seems stronger for smaller depolarising pulses. (In additional 
experiments with 20-m¥ pulses. this trend was continued.) 
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Fig.3 Relative inhibition. by potassium in the seawater, of °K efflux 
through K channels of squid giant axon, for two different clamping 
pulse sizes. (See Fig. | for experimental procedures.) For each of the 
two pulse sizes: 40 mV (a). 30 mV (A), the fluxes were scaled to unity al 
20 mM external K. Both sets of data were adequately fitted by simple 
adsorption isotherms of the form 


Flux = Flux. AOA) HIKI) 


mav 


where K, is the dissociation constant of a monomolecular reaction 

between external potassium and some site in the K channel. which 

results in blockage of #°K efflux, The respective A, values are indicated 

by arrows on the graphs. The apparent affinity of the channel site for 

external potassium is higher at the more negative clamping potential. 

This trend was continued in a few experiments (not shown) with 20- 
mV pulses Gat — 58 mV clamping potential). 


The nature of the interaction of external K* ions with the K 
channel of squid axon membrane is unknown. Our data are 
consistent with the single-file model described by Hodgkin and 
Keynes for K+ flux across steadily depolarised Sepia nerve 
membrane. but more work is needed to test detailed models. The 
most economical description of our data is to say that the activated 
K channel contains a site which, when occupied by external K. 
prevents efflux of internal **K. The dissociation constant of the 
potassium-site complex is of the order of 107? M, and decreases 
with increasing membrane potential. 

This work was supported by the US NIH. 


TED BEGENISICH 
Department of Physiology. 
University of Rochester, 
School of Medicine and Dentistry, 
Rochester, New York 14642 


711 


PAUL DE WEER 
Department of Physiology und Biophysics, 
Washington University, 
School of Medicine, 
St Louis, Missouri 63110 


Received MW June: accepted 8 August 1977. 


128, 61-88 (1955), 
6 1966), 
genisich. T- i 35-08911974}, 
Caldwell, P.C 3 $ Physiol., Lend. ($4, 177-189 (1960), 
| Brinley. FJ. de & Mullins, L.J. J. Newrophiyviel, 28, 526-544 (1963). 
| Meves. H. & Pichon. Y.J. Physiol.. Lond. 254, 60-62P (197334. 
Yeh. J. Z.. Oxford. G. S.. Wu. C. H. & Narahashi, T. J. gen. Phvsiol. 68, S17 53611976). 










Begen 








SAD U Be ae ha ne 





Permeant cations alter 
endplate channel characteristics 


At amphibian neuromuscular junctions, the binding of 
acetylcholine to postsynaptic receptors opens endplate 
channels. An endplate current (e.p.c.) is generated as 
sodium and potassium ions flow through these channels 
according to their electrochemical gradients’. In normal 
conditions the e.p.c. is a net inward current of pre- 
dominantly sodium ions. It has been shown that the 
lifetime of endplate channels is affected by temperature’ 
and membrane potential’, depends on the nature of the 
cholinergic agonist*’ and can be influenced by various 
chemicals and drugs*’. But, it is not known what normally 
determines the lifetime and conductance of an open 
channel. We report here that the nature of the permeating 
cations that generate the e.p.c. affects the lifetime and 
conductance of endplate channels. These observations 
indicate that these cations influence the mechanisms that 
determine channel behaviour. 

Endplate channel characteristics were compared for 
three different permeating cations—sodium, lithium and 
caesium. Normal extracellular solution (sodium solution) 
contained 115mM NaCl, 2.5mM KCI, 1.8mM CaCl, and 
3mM phosphate buffer. Lithium and caesium solutions 
were made by replacement of NaCl with 115mM LiCl or 
115mM CsCl respectively. The pH of all solutions was 
7.2 and experiments were performed at 20 °C. 

Spontaneous miniature end-plate currents (m.e.p.cs) and 
current fluctuations (noise) generated by iontophoresis of 
acetylcholine were recorded in voltage-clamped fibres in 
sartorius muscles of toads (Bufo marinus) using techniques 
described previously*’. In most cases muscles were glycerol- 
treated to prevent contraction when fibres were depolarised. 
For analysis of acetylcholine noise, 8,192 or 16,384 data 
points, filtered by two low-pass, cascaded Butterworth filters 
in series (40 dB per decade roll-off) with cut-off at 800 Hz 
were sampled at 2kHz. A fast Fourier transform method 
was used to analyse the frequency components of the noise 
and determination of single channel conductance and aver- 
age lifetime was based on the model and theory described by 
Anderson and Stevens’. Lorentzian curves were fitted to 
data using a least squares fitting method. 

In the solution containing lithium (lithium solution), the 
time constant of decay m-e.p.cs was significantly greater 
than the normal extracellular solution. This is illustrated 
in Fig. 1. Averages of 20 m.e.p.cs in normal (sodium) 
solution and 20 m.e.p.cs in lithium solution are shown in 
Fig. 1a. These m.e.p.cs were recorded in a fibre voltage- 
clamped at a membrane potential (Vm) of —70 mV. The 
decay phase remained exponential in lithium solution as is 
clear from the semilog plots of the decay phases of the same 
currents shown below (Fig 1b). In this experiment the 
average decay time constant (Ta) was 2.5ms in sodium 
solution and 3.3 ms in lithium solution. The lengthening of 
m.e.p.cs seen in lithium solution could be reversed by 
returning to sodium solution. In addition to the increase 





0 2 4 6 
Time (ms) 
Fig. 1 Miniature endplate currents recorded in a muscle fibre 


voltage-clamped at —70 mV in sodium (Na) and lithium (Li) 
solutions. a, Averages of 20 m.e.p.cs in the two solutions. b, 
Semilogarithmic plots of the decay of the averaged m.e.p.cs (note 
normalised peak amplitudes) in sodium (A) and lithium (@) 
solutions. The fitted lines are regression lines (correlation coeffi- 
cients 0.999 and 0.998) and gave time constants of 2.5 ms and 
3.3 ms in the sodium and lithium solutions respectively. (Tem- 
perature 20 °C.) 


in decay time constant, there was a decrease in the average 
amplitude of m.e.p.cs in this experiment from 2.3+0.09 nA 
in the sodium solution to 1.46+0.06 nA in lithium solution 
{mean + se.m.) This depression of m.e.p.c. amplitude 
was also reversible. The reduction in m.e.p.c. amplitude 
could not be explained by changes in acetylcholine null 
(reversal) potential (e). & was directly measured in each of 
the solutions by determining the potential at which there 
was no increase in current when acetylcholine was applied 
iontophoretically to an endplate. In seven fibres in lithium 
solution, the null potential was —6.1+1.1mV and in 15 
fibres in sodium solution the null potential was 
2,940.5 mV. The increase in the time constant of decay 
and decrease in amplitude of m.e.p.cs caused by lithium 
were consistent with the increased lifetime and decreased 
conductance of individual endplate channels as determined 
by analysis of acetylcholine current noise. Logarithmic plots 
of spectral density against frequency obtained at the same 
endplate are shown in Fig. 2 for sodium (Na) and after 
exposure to lithium solution (Li). In this fibre, voltage- 
clamped at —70 mV, the average lifetime of endplate 
channels (74), calculated from 7a = 1/27. (fe = half power 
frequency) was 1.5 ms in sodium solution and 2.5 ms in 
lithium solution. The current flow through individual chan- 
nels (y), determined both from the current spectral density 
at low frequencies and from the variance of current noise, 
was found to be reduced in lithium solution. Using the 
measured null potential, y. was calculated from y: = y;/ 
(Vie). Results obtained in several experiments are shown 
in Table 1. It can be seen that lithium caused a significant 
reduction in y. from 26.7 pS to 17.7 pS and this probably 
explains the reduction in m.e.p.c. amplitude caused by 
lithium (Fig. 1). 

In experiments in which sodium chloride was replaced 
with caesium chloride in the extracellular solution, m.e.p.cs 
were increased in amplitude and their time constant of 


S(f) 
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decay was reduced. The acetylcholine null potential in 
caesium solution was 0.1+0.9 mV (measured in five fibres). 
From analysis of acetylcholine noise it could be shown 
that the increase in amplitude and reduction in the time 
constant of m.e.p.cs in caesium were associated with 
changes in endplate channel characteristics. In one fibre 
exposed first to sodium, then to caesium solution the 
average lifetime of endplate channels was reduced from 
1.2ims to 0.89ms while endplate channel conductance 
increased from 28.2 to 35.0 pS (clamp potential —50 mV) 
In four fibres voltage-clamped at —50 mV in caesium solu- 
tion, average endplate channel lifetime was 0.98 +0.05 ms 
and endplate channel conductance was 34.7+2.1 pS from 
power spectra and 33.3+2.6 pS from noise variance. 

The results indicate that these cations which must be 
passing through open endplate channels to generate the 
endplate current, change the conductance and lifetime of 
the channels. The sequence of average channel conduct- 
ances was Li< Na < Cs and the conductance ratios were 
0.7: 1:1.3. Null potentials also became more positive in 
accord with this sequence. It is interesting and perhaps 
significant that the sequence of mobilities of the ions in 
free solution is also Li< Na< Cs with free solution 
mobility ratios of 0.77: 1:1.56 at 20°C. If the conduct- 
ance of an endplate channel is determined by free-solution 
mobility of ions flowing through it, the channel may well be 
a relatively large, water filled pore. Of course, the similarity 
between the channel conductance, null potentials and 
mobility sequences may be only a coincidence. It could be 
that ions alter endplate channel conductance by directly 
affecting the structure that forms the channel and_ this 
explanation might apply also for the effects of the ions on 
endplate channel lifetime. The sequence of channel life- 
times was Li > Na>Cs and the lifetime ratios were 
1.4:1.0:0.7. Interestingly, there is a reciprocal relationship 
between channel lifetime and conductance (at least with the 
three ions tested). This may also be coincidental and 
the changes in channel lifetime may reflect separate and 
independent effects of these ions on the mechanism that 
determines channel lifetime. Whatever the mechanism and 
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Fig. 2 Plots of normalised current spectral density S(f) against 
frequency f (Hz) obtained from a fibre voltage-clamped at 
—70 mV in sodium solution (@) and after 30 min in lithium 
solution (A). S(f) was calculated at 4-Hz intervals from the 
ensemble average of spectra from 16 segments of noise containing 
512 points sampled at 2 kHz (cut-off filter 800 Hz, 34B down). 
The downward and upward error bars show 1 s.e.m. at 4 Hz for 
the Na and Li curves respectively. Points at frequencies above 
8 Hz are a segment average of adjacent values of S({). The solid 
lines were obtained by least squares fits of the points to a single 
Lorentzian and the arrows denote the half-power frequencies 
(63 Hz in Li solution, 107 H2 in Na solution). Spectral densities 
were normalised for comparison. Asymptotic spectral densities 
were 0.18 x 107?! A*s (lithium) and 0.32 x 1077! Avs (sodium). 
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Table 1 The average lifetime (tx) and conductance (Yg) of endplate 
channels in muscle fibres voltage-clamped at —50 mV in solutions 
containing 115 mM LiCl, NaCl or CsCl 


Solution Li Na Cs 
n 7 7 4 
T, (ms) 1,91 +0.07 1.38+0.11 0.98 +0.05 
Ye (pS) 17.741.8 26.7 +0.80 34.7 +2.1 
(16.7 +- 1.5) (26.2+1.1) (33.3 +2.6) 





Results were obtained from power density spectra except for the 
values of y, in brackets which were calculated from noise variance. 
An average +1 s.e.m. was obtained from n experiments. (Tempera- 
ture 20 °C.) 


sites of action of these permeant cations, it is clear that 
they have significant effects on endplate channels. An 
understanding of the cause of these effects should provide 
further information about processes that determine end- 
plate channel lifetime and conductance. 
This work was supported by a grant from the National 
Health and MRC of Australia. D.V.H. was supported by a 
grant from the Clive and Vera Ramaciotti Foundation. We 
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Evidence for the Clara cell as a 
site of cytochrome P450-dependent 
mixed-function oxidase activity in lung 


THE cellular localisation of pulmonary mixed-function oxidase 
(MFO) activity has aroused considerable interest, especially 
because of the increasing incidence of lung disease of en- 
vironmental origin—including cancers—and the realisation that 
many chemical toxins and carcinogens require MFO-catalysed 
activation. The precise identification of pulmonary cellular popu- 
lations possessing MFO activity has previously met with little 
success, however, probably because of the complexity and hetero- 
geneity of the lung, which has been estimated to contain over 40 
different specific cell types'. In this communication I describe 
studies with the pulmonary toxin, 4-ipomeanol (1-[3-furyl]-4- 
hydroxypentanone)?. which indicate that a highly reactive metab- 
olite of this naturally occurring furan derivative is preferentially 
formed and covalently bound in pulmonary non-ciliated bron- 
chiolar (Clara)? cells. leading to their necrosis. Since previous 
studies* have established that the toxic metabolite formed in vive 
during cytochrome P450-dependent oxidative metabolism of 4- 
ipomeanol is formed in situ in the lung, and does not reach the lung 
by way of the circulation, the present results indicate that the Clara 
cell is a primary locus of P450-dependent MFO enzymes in lung. 

Covalently bound 4-ipomeanol metabolite was visualised in the 
lung using an autoradiographic technique and Fig. | shows 
examples of the striking appearance of the autoradiograms. As 
indicated by the accumulations of black photographic granules, 





of rats 


Fig. 1 
(Sprague-Dawley, male, 100-120 g), mice (NIH-GP, male, 20-25 g), 
and hamsters (Golden Syrian, male, 60-70 g) given toxic doses of 


Representative autoradiograms from lungs 


radiolabelled 4-ipomeanol (20 mg kg ' rat or 35 mgkg~ ' mouse and 
hamster) intraperitoneally. Generally-labelled *H-4-ipomeanol (60 
mCi mmol ') was prepared by catalytic (Rh/Al,O,) tritiation with 
tritiated water. S-'*C-ipomeanol (2 mCi mmol” ‘) was prepared 
using 1-'*C-propylene oxide. The animals were killed using pento- 
barbital 2 or 16 hafter receiving the toxin and the lungs fixed in situ by 
intratrachael perfusion with 3% glutaraldehyde buffered with 0.1 M 
sodium cacodylate. Lungs were removed, cut, washed and dehy- 
drated using a standard ethanol gradient, followed by a final wash 
with propylene oxide. Radioactivity remaining in the tissue after this 
procedure represented only the covalently bound 4-ipomeanol 
metabolite and could not be removed by further washing with 
aqueous or organic solvents or by organic solvent extraction of 
samples solubilised in | N sodium hydroxide. Samples of the 
specimens were embedded in paraffin or Epon 812 resin. Sections of 
4-5-um thickness were cut from the paraffin blocks and mounted on 
glass slides, and 2-um thick sections were cut from the Epon blocks 
and mounted similarly. The slides were dipped in fresh Kodak NTB-2 
photographic emulsion and placed in the dark for 2 or 4 weeks for 
tritium or '*C-labelled samples, respectively. The exposed slides were 
developed and stained with toluidine blue. Frames a, b, cand dare rat 
lungs, frame eis hamster lung, and frame fis mouse lung. NC (arrows) 
identify non-ciliated bronchiolar (Clara) cells, and C (arrows) 
identify ciliated bronchiolar cells. The lung specimens were taken 
from animals 2 h after dosing with the toxin. Specimens shown in a, b, 
cand e were embedded in paraffin, the others were embedded in Epon 
resin. Scale bars: a, b, 200 um; c, d, e, 40 um; f, 20 um. 


the covalently-bound 4-ipomeanol metabolite was heavily con- 
centrated in the lining cells of the airways. Similar results were 
obtained with both tritium and '*C-labelled 4-ipomeanol, indi- 
cating that the binding did indeed represent covalently-bound 
metabolite, as previous biochemical studies have indicated, and 
was not due to nonspecific tritium exchange or carbon in- 
corporation. Comparison of frames a, b and ¢ from animals 
receiving the '*C-labelled toxin, with d, e, and f from animals 
receiving the tritiated toxin, however, illustrates that greater 
resolution can be obtained using the tritium derivative, especially 
combined with Epon embedding and thinner sectioning. For 
example, in c, where the '*C derivative was used, there seems to be 
some specific, but not precisely definable, cellular labelling; in d, e 
and /, however, it is possible to distinguish between the several 
types of bronchiolar lining cells? and to appreciate the cellular 
specificity of the labelling. 

In all three animal species tested, the Clara cells? of the small 
airways were specifically alkylated by 4-ipomeanol (Fig. 1 d, e, f). 
In addition, in other specimens taken from animals 16h after 
dosing with the toxin, a striking necrosis of the Clara cells was seen, 
whereas the adjacent ciliated bronchiolar cells, and the other major 
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pulmonary parenchymal cells were not necrotic (Fig. 2). Electron 
microscopic studies have confirmed these findings. It thus seems 
that the Clara cell is a specific cellular target of 4-ipomeanol. It is 
likely that pathological features of 4-ipomeanol poisoning which 
have been described previously in cattle’ and in experimental 
animals*, including pulmonary oedema, congestion and haemor- 
rhage, are not primary events, but instead represent secondary or 
tertiary pathological changes. 4-Ipomeanol may serve as a useful 
tool for the elucidation of pathophysiological events related to 
Clara cell damage as well as the normal physiological role of the 
Clara cell. 

To determine whether metabolism of 4-ipomeanol was required 
to produce the tissue-bound radioactivity, animals were pretreated 
with piperonyl butoxide, an inhibitor of the metabolism of 4- 
ipomeanol by both hepatic and pulmonary mixed-function oxi- 
dases*, before administration of the radiolabelled toxin, His- 
tological examination of the lungs from these animals revealed a 
striking decrease in covalently-bound radioactivity in the bron- 
chiolar cells (Fig. 3a, b) and the total absence of bronchiolar 
necrosis (not shown), even though both the blood and the 
pulmonary concentrations of the unmetabolised toxin were 
markedly elevated by the pretreatment (Fig. 3c). This experiment 
further illustrates that a highly reactive metabolite of 4-ipomeanol. 
which binds covalently with the target cells and which can be 
localised by the technique described here, is responsible for the 
Clara cell necrosis. 

In studies of the dose dependency of bronchiolar binding and 
necrosis by 4-ipomeanol, it was shown that the sensitivity to the 
toxin decreases as airway size increases. With minimally toxic 
doses, covalently-bound radioactivity was maximally con- 
centrated in the smallest airways and the subsequent development 
of bronchiolar necrosis was restricted to those areas. As doses 
were increased, proportionately larger airways were also labelled 
and eventually showed bronchiolar cell necrosis. It is possible that 
the seemingly greater sensitivity of the smaller airways is related 
to the fact that the relative proportion of Clara cells to the less 
sensitive ciliated bronchiolar cells increases as airway size de- 


creases’. 





Fig. 2 a, Normal mouse bronchiole with well defined ciliated (C) 

and non-ciliated, or Clara (NC) cells. b, A typical pulmonary 

bronchiole from a mouse 16h after i.p. administration of non- 

radiolabelled 4-ipomeanol (35 mg kg '). In b, the necrosis of Clara 

cellsisapparent, and, although abnormal, ciliated cells still seem to be 
viable. Scale bars represent 40 um. 


Previousattempts to localise pulmonary MFO in vivo have been 
inconclusive. Some inyestigators have suggested an alveolar cell 
locus®, and others have indicated that a bronchial cell localisation 
was likely’. One report indicated that pulmonary macrophages 
have little MFO activity’. Reid er al.’ found that bromobenzene. 
in addition to its toxic effects on the liver, also produces pulmonary 
bronchiolar necrosis that seems to be related to covalent binding to 
bronchioles of a reactive metabolite of the compound’. The 
reactive metabolite of bromobenzene, however, seems to be 
sufficiently stable to escape from its site of formation’. Thus, with 
this compound it was not possible to determine if the toxic 
metabolite binding to lung was formed in the liver or in the lung.or 
in both, and neither was it possible to determine the specific type of 
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Fig. 3 Effect of piperonyl butoxide pretreatment (1.600 mg kg~'. 
i.p. | h previously) on bronchiolar alkylation (a, and 4) and on blood 
and pulmonary levels of covalently-bound (Solid columns) and free 4- 
ipomeanol (open columns) (c) in the rat. All tissues were removed and 
processed 2 h after administration of the '*C-labelled toxin (20 m 

kg” '. i.p.). Covalently-bound toxin was assayed as described in ref. 
4; free 4-ipomeanol was isolated using procedures described in ref. 2 
and quantitated by liquid scintillation counting. Data in frame c are 
means (+S.E.M.) from groups of seven animals each. A, Control 

rats: B, treated rats. Scale bars represent 40 um. 


bronchiolar cell to which the metabolite was bound, and which 
type of cell eventually became necrotic. 

The physiological role of the Clara cell is unknown. Some argue 
that it is a source of pulmonary surfactant, whereas others feel its 
primary role is as a participant in the ‘mucociliary elevator’. 
Pulmonary anatomists, however, have speculated that based on 
morphological features the Clara cell is metabolically a very active 
cell, with secretory functions. Itis known to be richly endowed with 
smooth endoplasmic reticulum (SER)? and this may be significant 
in the light of the present investigations, as SER is associated with 
MFO-activity in other cells, such as hepatocytes'®. It is also 
interesting that the covalently bound 4-ipomeanol observed in the 
present experiments is most heavily concentrated in the cytoplas- 
mic cap of the Clara cells, which is also the principal location of 
the SER?; nuclear labelling is minimal (Fig. 1/). 

In summary. these studies indicate the Clara cell is an important 
potential site of oxidative metabolism of xenobiotics in the lung. 
Pathological changes of Clara cells, such as necrosis, or neoplastic 
transformation, which are produced by MFO-activated chemicals 
may therefore be explainable on that basis. Moreover. since the 
Clara cell possesses enzymes required for metabolic activation of 
certain chemical carcinogens, it must be considered a prime 
candidate as a cell of origin for at least some bronchogenic cancers. 
In continuing studies we hope further to define the biochemical 
characteristics of normal Clara cells, and to compare these pro- 
perties with those of pulmonary tumours. The identification of 
biochemical similarities within specific histological types of human 
bronchogenic carcinomas, may implicate specific cell(s) of origin, 
and could possibly have important therapeutic use. In a tissue of 
relatively heterogeneous cellular composition such as the lung, cell 
types with enzymes capable of activating specific carcinogens may 
give rise to tumour cell populations uniquely susceptible to 
cytotoxins activated by the same enzymes. The possible use of 
specific bronchiolar alkylating agents, with 4-ipomeanol as the 
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prototype. should be explored asa new approach to chemotherapy 
of bronchogenic cancer of the lung. 


MICHAEL R. BoYD 
Clinical Pharmacology Branch. 
National Cancer Institute and 
Section on Clinical Pharmacology. 
Laboratory of Chemical Pharmacology. 
National Heart. Lung and Blood Institute, 
Bethesda, Maryland 20014 
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Identification of a membrane- 
embedded segment of the large 
polypeptide chain of (Na*, K*)ATPase 


Tue sodium pump or (Na+, K*)ATPase couples hydrolysis of 
ATP to the active transport of Na+ and K+ across the cell 
membrane. The firm association of the enzyme with the mem- 
brane allows its purification from the outer renal medulla by 
selective extraction of other membrane proteins using sodium 
dodecyl sulphate (SDS)'. Two polypeptide components remain 
in the purified preparation of (Na*, K*)ATPase. A catalytic 
protein with molecular weight (MW) about 100,000 (100 K) 
which constitutes 60-70°% of the total protein and a smaller 
sialoglycoprotein of unknown function**. The arrangement 
of these proteins within the membrane is an important but 
poorly understood aspect of the Na pump structure. Presumably 
the catalytic regions of the enzyme are in contact with the 
aqueous phase at the membrane surface, while other portions 
of the protein are in intimate contact with the lipid and account 
for its firm anchorage. The lipid associated domains of the 
pump are of special interest because in addition to a purely 
structural role, they may also form parts of the ion conducting 
pathways. We have been able to identify presumptive intra- 
membranous portions of the Na pump protein by labelling 
them covalently from within the membrane with §-['*[]-iodo- 
naphthyl-!-azide (INA). This label is a very hydrophobic light- 
sensitive compound developed previously for this purpose 
and tested with other systems'~?. A segment(s) of approximate 
MW 12K derived from the large polypeptide chain has been 
identified by combining the INA-labelling technique with 
extensive proteolysis of the membrane bound enzyme. Graded 
proteolysis of the labelled (Na*, K*)ATPase has also permitted 
an estimate of the position of this segment within the large 
chain. 

In the dark INA is unreactive and partitions (> 98%) into 
membranes**, Subsequent irradiation at 310nm (e 21,400) 
converts INA into a reactive nitrene which inserts covalently 
into the protein and lipid components of the (Na+, K*)ATPase 
preparation (Fig. la). The distribution of radioactivity be- 
tween protein and lipid could be controlled by varying the 
concentration ratio of label to enzyme. At low INA-to-protein 
ratios (roughly 0.5 mol INA per mol of enzyme) the label was 
attached almost exclusively to the large chain (Fig. 1a). In this 
experiment inhibition of the (Na*, K*)ATPase activity was 
less than 10%. The sialoglycoprotein was barely labelled and 
less than 20% of the radioactivity was associated with the lipid. 
Evidence for a membrane-bound segment of the large 
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chain was obtained by extensive digestion of labelled (Na+, K+) 
ATPase with trypsin (Fig. 1b) or thermolysin (not shown). 
In either case radioactivity was transferred essentially quanti- 
tatively from the large chain to a fragment(s) of MW about 
12 K. After the extensive proteolysis only 45-50% of the ori- 
ginal protein remains in the membrane whereas less than 10% 
of the radioactivity could be released from the membrane by 
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Fig. 1 Labelling of (Na*, K+) dependent ATPase with 5-[?*1]- 
iodonaphthyl-l-azide and effect of extensive trypsinolysis of 
labelled membranes. 0.6 mg of (Na+, K*)ATPase prepared from 
pig kidney! (specific activity 32.2 IU per mg protein) was sus- 
pended in | ml of a medium containing histidine, 25 mM, 
pH 7.5; EDTA, | mM and NaCl 100 mM. 5-[**I]-iodonaphthyl- 
l-azide (0.2-0.3 pg of material with SA 1-3 x10* c.p.m. per 
umol INA) prepared by methods described in ref. 7, was added 
in the dark in 10 yl of ethanolic solution. The membranes plus 
label were incubated at 37°C for 5 min in the dark to allow 
full partitioning of the INA into the membranes. The suspension 
was then irradiated for 2 min with light mainly of wavelengths 
313 and 365 nm produced by a mercury lamp HB200. The mercury 
lines below 300 and above 400 nm were excluded by passing the 
light through a Corning 7-60 band pass filter and Schott WG 305 
cut off filter. After irradiation a small sample of the membranes 
was removed for measurement of (Nat, K*)ATPase activity 
and the rest was dialysed overnight at 0 °C against 1 | of solution 
containing histidine 25 mM, pH 7.5; EDTA 1 mM; bovine serum 
albumin I mg mi~. Radioactive diffusible byproducts of INA 
removed by this procedure amounted to about half of the total 
radioactivity added initially. For extensive proteolysis, portions 
of dialysed labelled enzyme containing 100 ug of protein were in- 
cubated for 1 hat 37 °C in 120 ul of medium containing imidazole 
25 mM, pH 7.5, KCI 150 mM, CaCl,, | mM, and trypsin 10 pg 
Sigma Type III. Then 1 ml of the medium (minus trypsin) was 
added to trypsinised and control membranes and these were 
centrifuged at 40,000 r.p.m. for 1 h in a Beckman type 65 rotor. 
About 10% of the total radioactivity was found in the super- 
natant, but there was no significant difference between the control 
and trypsinised enzyme. The pellets were dissolved in 100 yl 
SDS 2%, mercaptoethanol 1% and the dissolved material 
electrophoresed on polyacrylamide gels in SDS essentially as 
described in ref. 10. After staining with Coomassie blue and 
destaining in methanol acetic acid (see ref. 10) which also removed 
excess radioactive byproducts, the gels were cut into slices 
| mm thick, and the !*°I counted. The figure shows the distribu- 
tion of radioactivity and position of Coomassie blue staining 
bands in duplicate gels. The arrows and letter M mark the tracker 
dye front. a, Control; b, following extensive trypsin digestion. 
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centrifugation. The large polypeptide chain disappeared and 
peptides with MW 58K, 23K, 20K and 17K staining with 
Commassie blue were observed; staining in the region con- 
taining the radioactivity was weak or absent (see Fig. 1). The 
specificities of trypsin and thermolysin are very different and 
so it is quite likely that undigested peptides are protected 
from complete proteolysis by their association with the lipids. 

After exposure of the enzyme at a much higher concentration 
of INA (namely 25-50 mol INA per mol of enzyme) the 
lipids became labelled to a level 6-8-fold greater than the 
protein and incorporation was also seen in the glycoprotein. 
In these conditions the (Na*, K*)ATPase activity was almost 
completely inhibited and radioactivity equivalent to roughly 
one molecule of INA was incorporated into the large chain 
per mol of enzyme. Exhaustive trypsinisation of these mem- 
branes resulted in, essentially the same pattern of the label 
distribution as shown in Fig. 1b. 
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Fig. 2 Distribution of radioactivity in fragments produced by 
controlled trypsinolysis in K* medium of INA labelled (Na*, 
K*)ATPase. (Nat, K*)ATPase was labelled and dialysed as in 
Fig. 1. Aliquots containing 50-75 ug were incubated with trypsin 
at 37 °C in a total volume of 0.5 ml in the following conditions: 
trypsin ~3 ug; KCI, 150 mM; imidazole 17 mM, pH 7.5; CaCl, 
1 mM. In b, CaCl, was absent and sample e contained 10 ug of 
trypsin. Trypsin inhibitor (0.5 ml of 20 ug ml-") was added to 
the control sample (a) before addition of trypsin, and to the other 
samples after incubation with trypsin for the following times: 
b, 10 min; ¢, 15 min; d, 40 min and e, 60 min. The samples were 
then taken through the same steps as in Fig. 1. In these experi- 
ments the gels were run for 8-9 cm to facilitate observation of 
intermediate radioactive peaks. The lipids have migrated out of 
the gel into the lower bathing solution. Units of radioactivity 
have been normalised to account for variations in the total 
amount of protein applied to the gels in the different samples. 
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Fig. 3 Distribution of radioactivity in fragments produced by 
controlled trypsinolysis in a Na* medium of INA labelled 
(Na*, K*)ATPase. (Na*, K* )ATPase was labelled and dialysed 
as in Fig. 1. Aliquots containing 50-75 ug were incubated with 
trypsin at 37 “C in a total volume of 0.5 ml in the following con- 
ditions: trypsin, 3 ug; NaCl, 150mM and imidazole 17 mM, 
pH 7.5. Sample e also contained CaCl, | mM. 0.5 ml of trypsin 
inhibitor 20 ug mi~! was added to the control a before addition 
of trypsin and to the other samples after the following incubation 
times; b, 20 min; ¢, 40 min and d, 60 min. All other procedures 
were as in Figs 1 and 2. 


The preferential insertion into the large chain at low con- 
centrations of INA and inhibition of the (Na+, K*)ATPase 
could imply contrary to expectation, that the label binds 
specifically to catalytic areas of the protein. Such areas are often 
hydrophobic clefts in enzyme surfaces. This possibility is 
unlikely for the following reasons. All catalytic functions are 
destroyed by relatively limited proteolysis*” but, as seen above, 
exhaustive proteolysis did not release the label. Furthermore, 
binding to the ATP binding site of a fluorescent ATP analogue, 
formycin triphosphate! was unaffected by incorporation of 
sufficient iodonaphthyl groups to inhibit activity by 70%, and 
ATP did not alter incorporation of label into the protein when 
it was present during irradiation (not shown). We did not 
study the mechanism of inhibition any further. But, the obser- 
vation that INA does not interfere with ATP binding is com- 
patible with the notion that it may inhibit catalysis by per- 
turbing protein-lipid interactions, since it has been shown that 
ATP binding is unaffected after inactivation of (Na*, K*)ATPase 
by complete delipidation??, 
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We have examined labelling of the large protein in Nat- or 
K*-containing media. The enzyme adopts specific Na *- or K*- 
dependent conformations*:!*~™ and so it was interesting to 
ask whether these different states are accompanied by a change 
in accessibility of the protein to INA in the bilayer. In six 
separate experiments with different concentration ratios of 
label to protein we observed 10-25% greater incorporation 
into the large chain in the presence of KCI than with NaCl. 
This may mean that the conformational change following 
binding of K* leads to an altered relationship of protein to 
lipid. 

In attempts to localise the 12 K fragment we exploited the 
fact that major fragments of the large chain can be produced by 
controlled tryptic cleavage in the presence of NaCl or KCI 
because the conformational response of the protein to cation 
binding is reflected in exposure of different bonds to tryptic 
attack*®. Thus, fragments with MW 58K and 46K were 
formed by primary cleavage of the large chain in presence of 
KCI. A fragment of 78 K was seen after digestion in the pre- 
sence of NaCl. The distribution of INA in protein fragments 
generated by controlled trypsinolysis of enzyme labelled at low 
INA concentrations is shown in Figs 2 and 3. These results 
show ‘clearly that the binding of INA does not prevent the 
conformational response of the large chain to Na* and K+. 
In the presence of KCI (Fig. 2) most of the radioactivity of the 
large chain was transferred to the 46 K fragment, but some 
labelling of the 58 K fragment was also seen. Comparison 
of radioactivity in the peaks with the content of protein ob- 
tained from absorbance scans of the gels showed that about 
80° of the label was transferred to the 46 K fragment and only 
20° to the 58 K fragment. Subsequently a 36 K fragment and 
the terminal 12K peptide appear. The 46 K and the 36K 
fragments therefore include segments which are embedded 
in the bilayer. The low concentration of label in the 58 K 
fragment may be due either to labelling of different parts of the 
large chain or to variation of the position of the tryptic split 
within the large chains in the preparation. 

In the presence of NaCl (Fig. 3), the distribution of label was 
much more distinct. The 78 K fragment was completely devoid 
of radioactivity and the terminal 12 K fragment seems to arise 
almost by primary cleavage of the large chain. A minor fraction 
of the label, at most 2°4, was found in a 37 K fragment. This 
implies that the radioactive 12 K segment or segments are 
localised near one end of the large chains which give rise to 
the 78 K fragment in the presence of NaCl. 

Our results support previous evidence that iodonaphthylazide 
acts as a hydrophobic probe which labels membrane proteins 
from within the bilayer. The selectivity of the label for a small 
segment of the large peptide does not imply that other regions of 
the protein are not embedded in the membrane, for the labelled 
segment may hinder access of the label to other areas of the 
large peptide or indeed to the glycoprotein component. Pre- 
ferential binding to this segment, or kinetic factors could explain 
the discrimination against unlabelled regions of protein and 
lipid side chains. Our work illustrates that combining specific 
labelling from within the lipid core with proteolytic digestion at 
the membrane surface may be an important tool for identifying 
segments of membrane proteins in intimate contact with the 
lipids. 

We thank Dr T. Bercovici for 1I-INA and Mrs Rivka 
Goldshlegger and Annie Sloth for excellent technical assistance. 
P.L.J. was a recipient of a short-term fellowship from EMBO. 
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Synthesis of haemoglobin 
Wayne in erythroid cells 


HETEROZYGOTES for haemoglobin (Hb) Wayne possess ‘two 
minor haemoglobin components that migrate more rapidly than 
HbA onelectrophoresis at pH8.6. Each of the minor haemoglobin 
components contains an abnormal «chain in which the-carboxyl-. 
terminal tripeptide sequence. Lys-Tyr-Arg, has been replaced by 


an octapeptide’: The slower of the two components, henceforth: 


designated Wayne-Asn, has the following octapeptide sequence: 
Asn-Thr-Val-Lys-Leu-Glu-Pro-Arg, whereas the faster one. ” 
(Wayne-Asp) has exactly the same sequence except that aspa- 
ragine at position 139 is replaced by aspartic acid. (These — 
components, formerly designated’ Wayne-1 and Wayne-2, re- 
spectively, have been renamed for clarity.) This is the first variant 
described in which deamidation of the gene product is believed: to 
occur. The purpose of this study was to demonstrate the proposed - K 
deamidation and to explain another interesting feature of the Hb 

Wayne phenotype in heterozygotes: namely, the presence of the 

variant haemoglobins in markedly reduced quantities rel: too 
HbA (3%, and 4%, respectively, for Hb Wayne-Asn and Hb 
Wayne-Asp). “rapes 

Peripheral blood red cells from two heterozygotes with Hb 
Wayne and bone marrow cells from one of them were incubated for — 
60 min in the presence of *H-labelled leucine. A fraction-of the 
labelled haemolysates was converted into globin immediately by s 
precipitation in acid-acetone. The a/f ratios obtained, based on 
total counts and the specific activities, indicate that the synthesisof 
a chains is equal to that of the f chains in the peripheral bloodand 
bone marrow (balanced synthesis). Moreover, a free x chain peak. 
could not be demonstrated after chromatography of the haemo-+ 
lysates on Sephadex G-100 gel filtration columns. : ae 

In order to compare more precisely the specific activities of the: 
various « chains (Table 1), it was necessary to first purify the 
haemoglobins in the labelled haemolysates by columnchromatog- 
raphy of the haemolysates on carboxylmethyl cellulose’. This was 
followed by preparative isoelectric focusing of the peaks contain- 
ing the Hb Wayne fractions using LKB columns and finally globin. 
chain separation’. The Wayne chain fractions obtained were | 
shown to be free of contamination by peptide chromatography of 
tryptic digests. : 

In the peripheral blood incubations the amount of radioactivity 
corresponding to the x™** chains was less than 112 of the total a 
chain radioactivity (Table 1). The corresponding valuein the bone 
marrow was | 1.4%. These figures were considerably lower than the: 
25%; expected on the basis of the two loci believed to be present for « 
chains. The a¥#!"*-4*" 4 specific activity ratio was 2.40 to 2.46 in 
the peripheral blood and 3.1 in the bone marrow, suggesting > 
instability of the 2¥*!"°4*" chains. In both peripheral blood and 
bone marrow, the specific activity of the «’""***? chains was ` 
lower than that of the «¥#"*"“*" chains (Table 1). Time course 
experiments using peripheral blood showed no change in the 
Wayne-Asn ry Wayne-Asp ratio from 4 min to 3.5 h (not shown). 

In order to evaluate the difference in labelling of the two types of x 
variant æ chains a pulse-chase experiment was performed. Peri- ` 
pheral blood red cells from a heterozygote were incubated in the 
presence of *H-leucine for 15 min (pulse) after which they were: 
washed and a portion was immediately frozen. The remaining cells 
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Table 1 Incorporation of *H-leucine into æ and f chains following incubation of red cells for 60 min 


718 
ajf ratios of globin from 
crude haemolysates 
Total Specific 
counts activity 
Peripheral blood 0.97 0.94 
(WS) 
Peripheral blood 1.04 0.96 
(GS) 
Bone marrow 1.12 0.91 


Radioactivity of purified x chains 


Specific activity ® Of total x chain 
(c.p.m, per mg) radioactivity 
a Warne-Asn a Warne-Asp g^ op Wayne-Asn gayne-Asp g^ 
644 15 262 8.36 1.80 89.84 
968 202 403 6.96 1.95 91.09 
40,039 837 12.880 11.16 0.27 88.57 


A fraction of the crude haemolysates was converted to globin immediately by precipitation in acid acetone. The globin obtained was chromatographed on 
columns of Sephadex G-100 in 20°, HCOOH!'®. After chromatography globin fractions were recovered by freeze drying. Another fraction of the 
haemolysate was used for purification of the various haemoglobin components for accurate determination of radioactivity in the 2%?" chains. Globin 
chain separation was carried out according to Clegg ez al.” Aliquots of | ml of each fraction were added to 10 ml Instagel (Packard) and counted by 
scintillation spectroscopy. The total radioactivity under each peak was summated. The various chain components were then pooled, desalted on Biogel P2 


columnsequilibrated with 0.5%, formicacid, and lyophilised. The chains were re 


Lowry method?”. 


were reincubated in a medium containing unlabelled leucine 
(chase) for 1. 4and 6h. The specific activities of the x^ and 8 chains 
remained unchanged during the chase period as did that of the 
aeyee-Aom and aW#"=As? chains (Table 2), suggesting that during 
the short period of the chase no detectable conversion or 
degradation of the abnormal chains relative to each other or to g^ 
occurs. If deamidation is a slow process, then a greater proportion 
of Hb Wayne-Asn relative to Hb Wayne-Asp should be present in 
reticulocytes when compared with the more mature red cells. A 
reticulocyte fraction was prepared from the peripheral blood of a 
heterozygote by means of a discontinuous Ficoll density gradient’. 
Isoelectric focusing in polyacrylamide gels of the reticulocyte 
haemolysate revealed a markedly decreased proportion of Hb 
Wayne-Asp when compared to the haemolysate prepared from 
unfractionated peripheral blood. Moreover, the proportion of Hb 
Wayne-Asn in reticulocytes was approximately twice as muchas in 
peripheral blood (Fig. 1). 

The above data support the hypothesis that «""*-4" chains are 
synthesised initially and subsequently converted to #%#)"-4*? 
chains, Robinson and others* * have shown that specific gluta- 
miny! and asparaginyl residues have characteristic rates of de- 
amidation that are determined by the nature of neighbouring 
amino acid residues in both the primary and tertiary structures. 
The discovery of Hb Providence, a $ chain variant present as two 
components, one having asparagine instead of lysine at position 82 
and the other having aspartic acid at the same position, indicates 
that deamidation is not unique to Hb Wayne” !°. Itisalso possible 
that Hb J-Singapore'! is not a double substitution variant but a 
neutral substitution at x" Ala + Gly followed by deamidation at 
a”® to yield aspartic acid!?. 

Itis interesting to note that 2*”"4*" chains account fora higher 
proportion of the total -chain radioactivity in peripheral blood 
than in bone marrow (Table 1): the x¥#°8*-4"" /yWayne-AsP ratio was 
0.5 in the former and 0.06 in the latter. A possible explanation for 
all of these findings is that the asparagine at residue 139 of 
a #"*-As" forms a cyclic imide, as proposed by Bornstein'®, while 
the chains are in the nascent chain or monomer conformation. 
While in this conformation the cyclic imide is rapidly hydrolysed to 
the aspartyl form. Once the g=" chain is incorporated into 
the Hb Wayne tetramer further cyclisation is blocked by steric 


-dissolved in distilled water and the protein concentration determined by the 


hindrance but those cyclised chains that had formed are hy- 
drolysed very slowly. In the bone marrow any "=^ monomer 
chains produced by deamidation of z*""*4" monomers might be 
rapidly degraded by proteolytic enzymes that are not active in 
mature erythrocytes!*!*. 


A410 


Wayne- Asn 


Wayne- Asp 





z + 


Fig. 1 

blood haemolysate (left) and reticulocyte haemolysate (right). The 

densitometric tracings were made on unstained gelsat 410 nm usinga 
Gilford recording spectrophotometer. 


Isoelectric focusing in polyacrylamide gels of peripheral 


Table 2x Chain specific activities during a pulse chase experiment 


Specific activity 
(c.p.m. per mg) 
x 


Incubation time op Wayne-Asn Wayne-Asp gWayne-Asp War ne-Asp gWayne-Asn 
y^ g^ g Wayne-Asp 
15 min pulse 1.510 275 1.80 0.33 5.49 
| h chase 1,631 286 1.84 0.32 5.70 
4 h chase 1.572 283 1.73 0.31 5.55 
6 h chase 1.590 269 1.79 0.30 5.91 


le 
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The presence of Hbs Wayne as minor components is shared by 
Hbs Constant Spring'® të, Koya Dora'®, Icaria?® and Seal 
Rock?!, other variants charaterised by elongated chains. Because 
the a="! chains comprise only 11° of the total a chains 
synthesised during the period of incubation, instability of the 
chains does not fully account for the low proportion of Hb Wayne. 
A delay in translation of the 2*""* chains as a result of a deficiency 
of tRNA for one or more of the amino acids corresponding to the 
abnormal sequence cannot be excluded, although such a delay has 
not been found in any of the abnormal haemoglobins that are 
present in reduced amount and that have been studied??~?>, 
including Hb Constant Spring'®. Perturbation of termination of 
translation per se seems also an unlikely explanation since the 
synthesis of Hb Cranston, a frameshift mutant of the chain, is not 
so severely impaired?°. Yet another possible explanation, that the 
mRNA has been rendered unstable by the deletion responsible for 
the frame shift, has been excluded by the demonstration that no 
more Hb Wayne components are synthesised in bone marrow than 
in peripheral reticulocytes. 

The expectation that an «-chain mutant would direct the 
synthesis of 25% of the x-chain mRNA is based on the unproven 
assumption that there are two loci that are equally active in 
directing x-chain synthesis. This assumption is partly based on the 
fact that individuals heterozygous for Hbs J-Buda and G-Pest?’ 
possess close to 25%; of these variants, along with approximately 
50°, of HbA, as well as the fact that a large number of other «-chain 
structural mutants comprise 20-25% of the haemoglobin of 
heterozygotes. Haemoglobin synthesis studies have not been 
performed on most of these variants. Consequently their true rate 
of synthesis is not known, Therefore, the reduced production of the 
Constant Spring and «**?"* chains could also be explained on the 
basis of multiple -chain loci that are not equally active in -chain 
synthesis. Such a hypothesis has been invoked to explain a greater 
than expected amount of Hb J-Mexico in heterozygotes?®. It is 
possible to envision one major locus, another of intermediate 
activity, and a third locus accounting for only a minor proportion 
of alpha chains. The mutation in «*""* would correspond to the 
intermediate locus and that of «corsant Serine would correspond to 
the minor locus. A complete understanding of these complex 
abnormalities requires study of additional informative mutants. 

This work was supported in part by USPHS grants GM15419 
and NIH $-1T32-01723. 
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Red cell charge 
is not a function of cell age 


REPORTS’? that the oldest circulating human erythrocytes have 
an electrophoretic mobility up to 30% lower than the youngest cells 


have been widely accepted, particularly since such findings suggest a8 


a plausible mechanism for the removal of the oldest cells from 
circulation. For those studies’? the red cells were separated on the 
basis of age by using the accepted relationship that older cellsare 
denser on the average than younger cells. We report here that 
electrophoretic mobility studies conducted independently by 
conventional electrophoresis, streak width measurements. and 
electrophoretic light scattering have shown the mobilities to be the 
same for red cell fractions of differing density and hence age in vivo. 
These data suggest that hypotheses which invoke a role for’ 
decreasing surface charge density in the mechanism of senescent . 
red cell recognition in vire are unsound. os 
The non-random nature of the red cell elimination process has 


led to suggestions that membrane determinants such as red cell = 


surface charge? and/or antibody binding to the cell surface* may. 
provide specificity as a result of age-dependent alterations which 
enhance cell adhesion to phagocytic cells, 

The observation that various sialoglycoproteins are rapidly 
eliminated from the blood following removal of their sialic acid? 
has prompted considerable speculation on the role of sialic acid 
loss in the ageing and elimination of red cells®7. In some instances, 
normal lifespans have been observed for sialic acid deficient ted. 
cells® +°, But, the sialic acid content of old (dense) red cells is lower 
than young (less dense) cells''”'3. As the major source of negative. 
surface charge on human red cells is the carboxyl group o 
membrane-bound N-acetylneuraminic acid'*, an age-related di 
crease in electrophoretic mobility’? is consistent with a net loss of 
sialic acid per unit of membrane surface area. 





Intensity (arbitrary units) 





0 20 40 60 
Frequency (Hz) 


Fig. i Electrophoretic light scattering spectra'” for least dense 
(top) and most dense (bottom, —-—-) human red cell sub- 
populations at 25 C in 0.0145 M NaCl-4.5%, w/v sorbitol-0.007 M 
bis-Tris buffer at pH 7.3. The top and bottom fractions each 
representing ~ 2%, of the whole population were obtained by 
centrifugation of the cells in their own plasma for 30 min, 140,000g at 
4 °C followed by three washes in the electrophoresis buffer. The mean 
Doppler shift for both spectra is 39.5 Hz, which corresponds to an 
electrophoretic mobility of 2.75+0.05 ums“! V~'cm after a 
correction for electro-osmosis (9.8 Hz). Experimental parameters 
were: scaitering angle, 14.9 ©; laser wavelength. $14.5 nm: electric 
field, 16.2 V cm~ ' and frequency resolution of ~ 0.03 Hz. In these 
conditions a 20°, difference in mobility would produce a difference in 
shift frequency of ~ 6 Hz. The spectra shown for the subpopulations 
were indistinguishable from that of the whole population (not 
shown). 
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Streak width and aspartate aminotransferase activities'’ for whole red cell populations and extreme density fractions representing 2- 7°, of the 


whole populations 





Table 1 
Aspartate aminotransferase (IU per 10'* RBC) 
Unfraction- 
Sample no. ated Top Bottom 
| 0.95 1.66 0.40 
2 1.88 7.15 0.87 
3 2,96 5.22 0.95 
4 0.87 2.42 0.58 
5 1.53 1.26 0.49 
Sa 1.53 1.13 0.58 
6 1.20 1.79 0.89 
6a 1.20 1.60 1.02 





Electrophoretic streak width (mm)} 


Unfraction- Top and 
ated Top Bottom bottom 
0.79 1.27 1.01 0.88 
0.61 0.56 0.64 0.66 
0.84 1.00 0.97 1.16 
0.87 0.68 0.62 0.74 
0.62 0.64 0.67 0.60 
0.62 0.62 0.64 0,62 
0.79 0.98 0.81 1.07 
0.79 0.78 0.79 0.80 





Samples |, 4, 5 and 6 were obtained from adults, samples 2 and 3 from the umbilical cord of infants at birth. All samples were fractionated by repeated 
centrifugation for 30 min at 2000g on phthalate ester mixtures!* except for samples Sa and 6 a which were obtained by ultracentrifugation at 50,000g. 20 C 
for 2 h. Cell suspensions (2, v/v) in pH 7.4, 16.5 mM Tris-acetate buffer containing 5%, sucrose were electrophoresed at 21 C.80 Vem” t. Streak widths are 
to be compared with the 13.8 mm total distance of migration for a mobility of 2.3 pms”! V~' em RBC, red blood cell. 


To detect any significant dispersity in electrophoretic mobility 
which accompanies changes in density and in viro ageing of red 
cells, the extreme ends of the red cell density distribution were 
examined for evidence of differences in electrophoretic mobility. 
Using various red cell density fractionation procedures, studies 
conducted independently in our three laboratories with different 
instrumentation and conditions do not show any experimentally 
significant electrophoretic mobility differences for the extreme red 
cell subpopulations. 

Electrophoresis of erythrocyte fractions by the continuous-flow 
streak deflection method'*® was carried out in the conditions 
previously reported!" using the Kolin endless belt electrophoresis 
apparatus. If present, heterogeneity in electrophoretic mobility of 
cell populations is evidenced by progressive sample band broaden- 
ing on passage through the electrical field of the instrument and by 
actual band splitting for samples with multimodal mobility 
distributions. Examination of the banding behaviour for whole 
and density-fractionated human red cell populations (Table 1) 
gave no indication of electrophoretic inhomogeneity. The maxi- 
mum observed bandwidths were consistent with about a 5°, range 
in electrophoretic mobility for mixtures of cells made from the 
density extremes. The band or streak width expected on the basis of 
Yaari's data? for ‘top’ and ‘bottom’ cell mixtures is about five times 
the observed value. Furthermore the band should have shown 
signs of observable splitting as the run progressed. Marked 


differences in red cell aspartate aminotransferase activity between 
the fractions indicated that significant cell separation according to 
cell age had been achieved”. 

Electrophoretic light scattering spectra (Fig. 1) for ‘top’ and 
‘bottom’ fractions of red cells obtained by ultracentrifugation also 
failed to show significant differences between the mean mobilities 
or the mobility distributions. 

Analytical electrophoretic mobility data for samples of top and 
bottom cell populations obtained by two different density fraction- 
ation techniques also showed no differences either at high or low 
ionic strength (Table 2). Extreme subpopulations representing as 
little as 1%, (not shown) were not found to differ. 

In each of the described electrophoresis systems the expected 
mobility differences? for red cells from the extremes of the density 
distribution should have been detected with ease. We conclude 
from the lack of any clear indications of mobility heterogeneity in 
these studies which involved different density separation and 
electrophoretic monitoring techniques that no measurable differ- 
ences in mobility are correlated with red cell density through the 
central ~ 95°, of the density distribution. This is in contrast to the 
observations of Yaari? which showed electrophoretic mobility to 
be a monotonic function of cell density through this range. 

Electrophoretic mobility is recognised as a measure of net 
surface charge density?*. A constant electrophoretic mobility for 
red cells of different densities implies that the effective net number 


Table2 Mobility data and descriptive indices for human red cells fractionated with phthalate esters?” and by high-speed centrifugation?” 


MCHC NANA 
Subpopulation (g per 100 ml) (fg per cell) 
Phthalate ester 
a Top 6”, 32.8 20.1 
Bottom 10°, 40.6 18.3 
b Top 8%, 35.8 20.8 
Bottom 6%, 41.4 19.6 
c Top 7, 34.0 21.2 
Bottom 2", 39.9 16.8 
Murphy fractionation 
a Top 3%, 33.4 18.4 
Bottom 3°. 40.) 16.6 
b Top 5", 31.4 17.8 
Bottom 5%, 35.8 15.9 
c Top 8%, 34.3 17.8 
Bottom 5%, 41.7 16.2 
s Pooled ratios 0.843 1.13 
Top/bottom +0.026 +0.07 





Electrophoretic mobility 
GOT (ums V tem) 
(IU per cell x 10'') 0.15 M NaCl 0.03 M NaCl 


— 1.10 +0.06(30) — 1.72 +0.11(56) 
~ 1.10 +0.06(30) — 1.72 +0.09(46) 
16.9 — 1.09 + 0.07(60) ~ 1.71 +0.09(50) 
6.6 ~ 1.11 +0.05(32) — 1.72 +0.09(28) 
13.5 — 1.09 +0.07(20) — 1.74 +0.06(20) 
49 — 1.12 +0.08(20) — 1,73 +0.12(20) 
9.4 ~ 1.10+0.07(20) ~ 1.82 +0.07(20) 
4.3 ~4.41+0.07(20) ~ 1.84 +0.09(20) 
10.7 ~ 1.08 +0.04(20) — 1,77 40.1020) 
2.0 — 1.10 +0.06(28) ~ 1.78 +0.07(20) 
9.7 — 1.05 + 0.08120) — 1.72 + 0.0920) 
4.8 — 1.07 +0.08(20) — 1.70 + 0.0920) 
2.98 0.985 0.999 
+1.36 + 0.009 + 0.008 





Whole blood samples were collected by venipuncture from four adult subjects. Fractions were washed once in 2-4 volumes of autologous plasma, three 
timesin > 20 volumes of pH 7.4, 0.144 M NaCl-0.01 M potassium phosphate (PBS). Mean cell haemoglobin concentration (MCHC) was calculated from 
haemoglobin assayed as cyanmethaemoglobin and microhaematocrit values after centrifugation for 5 min at 15,000g N-acetyIneuraminic acid (NANA) was 
assayed in supernatants”! after incubation of ~ 2 x 10° RBC per mlin PBS plus ~ 100 Behringwerke units of Vibrio cholera neuraminidase for | hat37 C. 
Aspartate aminotransferase (glutamic oxaloacetic transaminase, GOT) was assayed spectrophotometrically?? and activity is expressed in international 
units (IU) where one unit represents the conversion of | umol of NADH to NAD+ in | min at 25 °C. Mobilities were measured at 25 °C in cylindrical 
chambers equipped with Ag/AgCl electrodes”? or Pt electrodes**, and operated at voltage gradients <5 Vcm7! and currents <3 mA to minimise joule 
heating. Mean mobilities and standard deviations are given for the number of cells in parentheses. The two ionic strength media listed were buffered to pH 
7.2 +0.2 with NaHCO; and 0.03 M NaCl contained 4.0% (w/v) sorbitol to maintain medium tonicity. 
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of negative charges per unit area of membrane surface as observed 
by electrophoresis remains constant even though the total number 
of charge groups, such as sialic acid. on the cell surface may be 
decreased as, for example. by membrane loss. 
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18284 and NSF grant PCM 72-05133. J.Y.J. was a Killam 
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Ion-induced changes in head group 
conformation of lecithin bilayers 


Tue structure and orientation of the phosphocholine polar 
group in lecithin-containing membranes has been discussed 
extensively. Studies of egg-yolk lecithin and 1,2-dipalmitoyl- 
sn-glycero-3-phosphocholine (DPPC), using neutron diffrac- 
tion and °H and “P nuclear magnetic resonance (NMR), 
have led to the conclusion that the phosphocholine dipole is 
orientated parallel to the membrane surface’ *. On the other 
hand, 'H and “P NMR spectra of sonicated DPPC vesicles 
in the presence of trivalent ions suggested that the choline 
group is extended approximately perpendicular’ or folded 
parallel to the bilayer surface. We have, therefore, repeated 
our previous 7H and “P NMR measurements in the presence 
of trivalent ions and report here that the addition of these 
shift reagents induces large changes in the spectral para- 
meters, that is, the °H quadrupole splittings and the “P 
chemical shift anisotropy. These observations can only be 
interpreted in terms of specific ion-induced changes in the 
choline head group conformation of DPPC. 

Typical spectral changes observed on addition of 
EuCh, LaCl and K:Fe(CN), to unsonicated dispersions of 
DPPC are shown in Figs 1-3. The observed changes cannot 
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Fig. 1 Phosphorus-31 NMR spectra of unsonicated multibilayers of 
DPPC complexed with trivalent ions at 48 °C. a, No ions; b, FeCN,*~; 
c, Lan); d, Euli). Solutions of K,Fe(CN),, LaCl,, and EuCly were 
prepared as described in ref. 5. Approximately 200 mg of DPPC 
were mixed with 0.5 M ion solutions to yield a final concentra 
50 wt % H,O and a DPPC to ion mole ratio of 2.7. The s 
were then sealed in glass ampoules and placed in 10-mm NMR tube 
The NMR spectra were obtained in the pulsed Fourier transfo: 
mode at 36.4 MHz using a Bruker HX-90 spectrometer/B-NC 
data system equipped with a deuterium lock and home-built q = 
ture phase detection. Approximately 5,000 free induction decays were 
averaged to obtain these spectra. A proton-decoupling field of 10 W 
tuned to the CH, resonance of the choline head group moiety. was 
applied. The chemical shifts are relative to 85% orthophosphoric acid. 
The residual chemical shift anisotropy (Ao) is given approximately by 

the separation between the edges of the powder spectra. : 


















be ascribed. to general ionic strength effects, since no spectral 
changes are apparent in control studies using NaCl 
Different patterns of spectral behaviour are observed at all 
of the head group segments studied. Binding of Lalii) or. 
Fe(CN),’” has little effect on the shape of the “P.NMR 
spectra. But on addition of Eul) a large chemical shift is 
observed which is. accompanied: by an apparent reversal mo 
the sign of the chemical shift anisotropy. The effects of ion 
binding on the quadrupole splittings of the *NCH:CD; and 
*NCD.CH: segments (the œ and 8 positions, respectively 
tend to be generally in the same direction, but the magab 
tude of the observed changes is ion-specific. The observed 
quadrupole splitting at the a position is decreased, whereas 
that at the 2 position is increased on ion binding. Little 
change is apparent at the (CD:bN* segment (data not 
shown). The data are summarised in Table 1. 

The mole ratios of ion to phospholipid used in this 
work are higher than those used by Hauser ef al.°, however, 
concentration dependence studies reveal significant effects 
at ion: phospholipid mole ratios as low as 1 : 10. In the case 
of Eun) binding, two components are seen in the “P> 
NMR spectra in certain conditions—-the predominant, 
spectral component is shown in Fig. 1. It is also possible 
that there is more than one component on binding of | 
Laun) or Fe(CN);", as the lack of a chemical shift in the: 7 
“Pp NMR spectra upon binding of these ions would make it _ 
difficult to resolve components with similar chemical shift) 
anisotropies. 
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Fig. 2 Deuterium NMR spectra of unsonicated multibilayers of 
*NCH.CD,-DPPC complexed with trivalent ions at 59°C, 
a, No ions 3b, FeCN,? ~; c, Lalin); d, Eu(i). Selectively deuterated 
DPPC was prepared as described in ref. 3. The spectra were 
recorded at 13.8 MHz with a fluorine lock; otherwise the 
experimental conditions are identical to those described in the 
legend to Fig. 1. Approximately 6,000-10,000 free induction 
decays were averaged to obtain the spectra. The absolute value 
of the residual quadrupole splitting (Av) is given by the separation 
between the two largest peaks in the powder-type spectra. 
Note that the spectra are recorded at different gains. 


Since DPPC dispersions complexed with trivalent ions 
undergo phase transitions at temperatures near the gel to 
liquid crystalline phase transition of pure DPPC (ref. 7 and 
H. U. Gally, personal communication), it is unlikely that the 
bilayer structure is disrupted on binding of any of the ions 
used here. The static electric field gradient tensor of the 
*H labels primarily reflects the electronic structure of the 
bonds containing these atoms and is not affected by ion bind- 
ing to the phosphocholine groups. The observed changes in 
the residual quadrupole splitting must, therefore, be due to 
changes in the head group motion and conformation. 
The exact nature and extent of these conformational 
changes can only be determined from a quantitative analy- 
sis of the "H and “P NMR data, which will not be pursued 
here, The interpretation of the “P NMR data is not un- 
equivocal, as it is possible that the contact shift due to 








‘Fable 1 Effect of trivalent ions on °H quadrupole splittings (Av) and 
'. 31P-chemical shift anisotropy (Ac) of the phosphocholine group of 
DPPC 
Segment No. of Eu(i) Laqu) Fe(CN),3~ 
ions added Ao (p.p.m.} 
PO,” ~- 44 +44 —54 —5i 
| Av|(kHz) 
*NCH,CD,OP 5.9 ~] ~Q 3.9 
*NCD,CH.OP 44 7.2 6.9 5.1 





Ton solutions were prepared as described in ref. 5. [DPPC [ion] = 
2.7-3.0. [H,O] = 50+0.3°%, by weight. Temperature, 59 °C. 
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Eutun binding’ may be different. for the different com- 
ponents of the chemical shielding tensor. In principle, this 
could account for the different “P NMR spectral changes 
associated with Eu(iit) and Lali) binding and would be 
consistent with the similar 7H NMR spectral changes ob- 
served on binding of these ions. The binding of Eul) and 
Lalii) to phospholipids is believed to be very similar’. An 
alternative explanation, however, is that the contact shift 
is similar or identical for all the principal components of the 
chemical shielding tensor, in which case the *“P NMR 
spectral changes upon Eu(i!) binding would reflect changes 
in molecular motion at the phosphate segment. Further 
work, for example, determination of the “P static chemical 
shift tensor of DPPC complexed with shift reagents, is 
needed before a firm conclusion can be reached. 


AI 


ie O cnn 


10 kHz 


Fig. 3 Deuterium NMR spectra of unsonicated multibilayers of 

*NCD,CH,-DPPC complexed with trivalent: ions at 59 °C, 

a, No ions; b, FeCN,*~; c, Lan); d, EuGu). Experimental 
conditions as in Figs | and 2. 


The data presented here suggest that caution should be 
exercised in applying the results of NMR structural analysis 
using paramagnetic ions to phospholipid bilayers free of 
complexed ions. The observation of specific ion-induced 
changes is. consistent with the idea that. the phospho- 
choline group of DPPC is not in a fixed, rigid conforma- 
tion’** and further suggests that structures deduced from 
data for binding of several ions? may represent averages 
over several different conformations. These results are a di- 
rect demonstration of ion-induced changes in the head group 
conformation of phospholipids. Similar conclusions regard- 
ing lanthanide binding have been reached by Hauser er al. 
(manuscript in preparation). From a biological point of 
view, it will be interesting to see if divalent cations such as 


-Ca** induce similar spectral changes and whether these 


changes can be quantitatively interpreted in terms of 
changes in head group conformation, 
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Replication of linear 
adenovirus DNA is not hairpin-primed 


THE mechanism of replication of the 5’ ends of linear DNA 
chromosomes remains unclear'’, as the known DNA poly- 
‘merases, which act in the 5’ to 3’ direction, require a free 
_3’-OH as a primer for chain elongation. If a short ribo- 
nucleotide sequence primed DNA synthesis, its subsequent 
removal would leave no primer for gap fill synthesis at the 
5’ end. Most linear bacteriophage DNA molecules therefore 
have terminal repeats or single stranded complementary 
ends, which allow formation of circular or concatemeric 
replication intermediates'. Several interesting models have 
been proposed to explain replication of the 5’ ends of 
eukaryote.chromosomes and linear DNA molecules which 
cannot circularise. Cavalier-Smith’ proposed that chromo- 
some ends can form self-complementary hairpin loops, 


1 


3 
a 


Fig. 1 Model for  self-primed b 
initiation of adenovirus DNA 
replication by a hairpin mechanism. 
a, Virion parental. DNA (solid 
lines) showing inverted terminal 
repetition (sequence -a b ch b, 
hairpin formation at the 3% end of 
either strand (sequence a comple- 
mentary to sequenced); ¢, daughter 
strand synthesis inthe F.to 3’ € 
direction using the 3’-OH: from the 
parental strand as primer, and site- 
specific endonuclease introducing 
a ss nick near sequence d; d, 
strand displacement within hairpin | 


a*b*c*d* 


and completion of terminal 3’ 
ends; e, products of a second 
round of replication by the same 
mechanism. Model proposed by d 
Roberts and Wu e¢ al.*. The events 
shown could occur at the end of a 
round of replication (to complete 
the 5’ ends of progeny strands) 
rather than at initiation as shown. 


d*c*b*a* 


Men ee ee ee ee ne eee 


e 





T23 


allowing the parental 3’ end to act as a primer for DNA 
polymerase, followed by endonuclease action and- repair 
synthesis, This model has been modified by Bateman’ and 
Tattersall and Ward’ have extended it to propose a rolling 
hairpin model for the replication of parvovirus and linear 
chromosomal DNA. There is now considerable evidence for 
hairpin priming of replication of the DNA of minute virus 
of mice (MVM) and adeno-associated virus (AAV)*"’, and 
hairpin priming may well be a general mechanism for repli- 
cation of linear DNA molecules that are unable to cir- 
cularise or form concatemers’**, Roberts’ and Wu er al.’ — 
have proposed a hairpin-primed model for replication of 
adenovirus DNA, which is summarised in Fig. 1. We 
present evidence here which is not consistent with a 
hairpin-primed model for replication of adenovirus DNA. 
Human adenovirus DNA is a linear duplex and has 
ends with properties consistent with an inverted terminal 
repetition that is not palindromic’. J. R. Arrand and R. J. 
Roberts (manuscript in preparation) have sequenced the 
inverted terminal repetition in adenovirus type 2 and have 
shown it to be a unique, non-palindromic sequence of: 102 
base pairs (sequence a b c in Fig. 1) with an unpaired 
modified 5’ terminal deoxycytidine. Covalently attached to 
each 5’ end of the DNA is a 55,000 molecular weight (MW) 
protein'', possibly linked to the DNA by the unpaired 
deoxycytidine residue. The DNA replicates by a strand 
displacement mechanism and the origins and termini of 
DNA replication are at the molecular ends of the chromo- 
some", a 
One consequence of the hairpin-primed model (Fig. 1) is” 
that with each round of replication, the terminal sequence 
must be inverted, resulting in four types of molecules differ- 
ing in the order of the terminal sequences. As the adeno- 
virus termini are not palindromic, the first round of repli- 
cation products would have terminal repeats of two types 
and 50%, of intracellular viral DNA should therefore anneal 
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to form circles after digestion of the 3’ ends with exo- 
nuclease IIL. We find this is not the case. Viral DNA was 
extracted from HEK cells infected with human adenovirus 
type 5 (Ad5). After digestion of 0.1%, 0.75%, 1.3% and 
1.6%, of the double-stranded molecules in one experiment 
and 0.1%, 0.7%, LI% and 1.5% in a second experiment. 
the intracellular viral DNA was annealed. Circular mole- 
cules that sedimented faster than linear AdS DNA were 
not observed (Fig. 2). Samples from one experiment were 
also examined in the electron microscope and no circular 
molecules were observed. In a control experiment with T7 
DNA“, using similar digestion and annealing conditions, 
circle formation was observed in DNA digested to 0.9% of 
the molecule (Fig. 2) and 89% of molecules were circular by 
electron microscopy, whereas T7 DNA failed to circularise 
when digested to'only 0.15%. These results indicate that 
non-inverted terminal repetitions of the type shown in Fig. 
ld do not occur within the terminal 260 bases of replicating 
Ad5 DNA, as has been reported previously for mature DNA 
isolated from virions™"®. As the terminal sequence is not 
palindromic (J. R. Arrand and R. J. Roberts, in prepara- 
tion), we conclude that inversion of the termini during 
replication, which is a logical consequence of the hairpin- 
primed model for non-palindromic termini (Fig. 1), does 
not occur during adenovirus DNA replication. It is inter- 
esting to note that there is evidence for a terminal 
palindromic base sequence in AAV DNA‘, supporting other 
evidence for a hairpin-primed mechanism for AAV DNA 
replication. 

The hairpin-priming model also requires covalent addition 
of progeny DNA to a hairpin on the parental strand (Fig. 1). 
Some or all of the pulse-labelled viral DNA should there- 
fore sediment faster than virion DNA in alkali and should 
contain sequences that spontaneously renature on rapid 
transfer to conditions in which duplex DNA is stable. But. 
fast sedimenting pulse-labelled adenovirus DNA has not 
been observed in alkaline gradients’?’’"", and we have been 
unable to detect spontaneously renaturing sequences in 
replicating adenovirus DNA by chromatography on 
hydroxylapatite (data not shown). This may be because the 
replication intermediates predicted by the model are highly 
transient, but such intermediates were observed during 
AAV DNA replication™". 

We tested a further prediction of the hairpin-primed 
model for adenovirus DNA replication which is independent 
of the exact nature of the terminal sequences and whether 
self-priming occurs at initiation or termination of synthesis. 
It can be seen from Fig. 1 that the model predicts a strand 
switch in which the original 3’ terminus becomes the 5’ end 
of progeny strand, to be replaced by newly replicated DNA 
at the 3’ end of the parental strand. Thus all newly repli- 
cated molecules should have newly replicated DNA at both 
3’ ends of the double-stranded DNA. This was tested ex- 
perimentally by pre-labelling AdS DNA with *H-thymidine 
and then transfering to medium containing “P and 5- 
bromodeoxyuridine (BUdR) (Fig. 1). If the model is correct, 
molecules that had undergone one round of replication in 
BUdR, isolated as a peak of hybrid (LH) density in CsCl, 
should have all their 3’ ends labelled with ”P. But, 50% of 
the 3’ ends of LH DNA should be labelled with *H rather 
than “P if there is no terminal strand switch during repli- 
cation. The nature of the label at the 3’ ends of LH DNA 
isolated from infected cells by CsCl equilibrium density 
centrifugation and hydroxylapatite chromatography was 
examined by exonuclease II digestion. Figure 3 shows 
the release of *H-thymidine acid-soluble counts plotted as a 
function of the release of ”P acid-soluble counts by exo- 
nuclease HI digestion. The points form a straight line 
through zero, without the delay in release of *H predicted 
by the model. The 95%, confidence limits for the intercept 
of the curve indicate that a strand switch of less than 16 
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bases cannot be excluded, but such a short switch is not 
consistent with terminal sequence data (J. R. Arrand and 
R. J. Roberts, in preparation). Figure 3 also shows the ex- 
pected curve if a strand switch of 120 base pairs occurred 
(that is, the smallest possible hairpin from sequence data). 
In this case, the intercept would be 0.68% “P counts 
released and zero “H counts released, but this is clearly 
not the observed result. The discrepancy between our result 
and that predicted by the model is unlikely to be an 
experimental artefact. Contamination of LH DNA with *H- 
LL DNA was not detectable by recentrifugation. Recombi- 
nation between replicating molecules was not detectable as 
”P radioactivity entering the LL (CH) peak. Continued 
incorporation of *H after the shift to ®P, BUdR medium was 
prevented by adding a 33-fold excess of BUdR over the 
original *“H-thymidine concentration and addition of 5- 
fluorodeoxyuridine. Nearly all molecules labelled in a 3-h 
period would be mature, without gaps at which exonuclease 
could act, and completed molecules were further selected by 
using only the centre of the peak of LH molecules, and 
centrifuging the sample a second time in CsCl. 

We have presented evidence that hairpin priming does not 


c.p.m. relative to peak 





0 0 40 0 20 J0 60 
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Fig. 2 Neutral sucrose gradient sedimentation of pulse-labelled 
Ad5 DNA and T7 DNA after exonuclease IH digestion and 
annealing. Human (HEK) cells were infected with 5 plaque- 
forming units per cell Ad5 and labelled with *H-thymidine from 
16 to 17h after infection. Viral DNA, isolated by a modification 
of the Hirt procedure®*, neutral sucrose gradient centrifugation 
and hydroxylapatite chromatography, was digested for various 
times with £. coli exonuclease HI, annealed for 30 min at 65 °C 
and slowly cooled to room temperature and centrifuged through 
a 5-20% neutral sucrose gradient (SW27, 18 h, 16,000 r.p.m. at 
4 °C). **P labelled AdS DNA was added as marker (©); 5H- 
thymidine (@). Assuming AdS DNA contains approximately 
35,000 base pairs, the extent of digestion from each 3’ end 
would be 0.1% = 15 bases (a); 0.7% 120 bases (b); 
1.124 = 190 bases (c) and 1.5%% = 260 bases (d). Lower panels: 
T7 DNA control digested to 0.15%% (e) and 0.9% {f), annealed 
and centrifuged in similar conditions (@), with P CELO 
virus DNA as marker (MW 29 = 10°). Sedimentation was 
left to right. 
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Fig.3 Release of *H and °*P acid soluble counts from LH DNA 
by exonuclease IH digestion. Ad5 infected HEK cells were pre- 
labelled with *H-thymidine (20 Ci mi~, 5x107 M) from 
6 to 16 h after infection and then washed and labelled with 
32P and 5 pg mi~ BUdR,(1.6 x 10- M) in the presence of 0.5 
ug mi~! 5-fluorodeoxyuridine from 16 to 19 h after infection. 
Viral DNA was isolated by a modification of the Hirt pro- 
cedure??, ribonuclease treated and centrifuged to equilibrium 
in a CsCl gradient (initial density 1.730 g mi~’) in a Ti50 rotor 
at 33,000 r.p.m. for 64 h at 20 °C. The centre of the LH DNA 
peak was collected and recentrifuged in a similar equilibrium 
gradient, purified by hydroxylapatite chromatography and 
digested with E. coli exonuclease Hl @, % Release of *H 
counts plotted against percentage release of **P counts; dashed 
line, expected curve if the strand switch in Fig. 1 involves 120 
base pairs (see text). 


occur in adenovirus DNA replication. Wu et al.’ observed 
some type of secondary structure at the ends of adenovirus 
type 2 DNA in the electron microscope, but they could not 
conclude whether their data supported the hairpin structure 
shown in Fig. 1. There is no other published evidence for 
hairpin priming in adenovirus DNA replication, although 
there is considerable evidence for such a mechanism of 
replication at the 5’ ends of other linear viral DNA chromo- 
somes t73, Although the absence of hairpin-priming in 
adenovirus DNA replication does not indicate the mechan- 
ism by which the’5’ ends of progeny DNA are replicated, 
we have proposed an alternative model for adenovirus DNA 
replication in which the terminal 55,000 MW protein binds 
deoxycytidine and recognises the inverted terminal repeti- 
tion, providing the free. 3’-OH to prime DNA synthesis". 
This model. is consistent. with data presented above and all 
known data» concerning adenovirus DNA replication, and 
suggests a function for both the 55,000 MW protein and 
terminal repetition, It will be interesting to determine 
whether replication of the ends of eukaryote chromosomes 
is primed by hairpin loops as originally proposed by Cavalier- 
Smith’, by a protein-bound nucleotide as we have proposed 
for adenovirus", or by some other mechanism as yet un- 
known. 

We thank Dr H. B. Younghusband for helpful discussions 
and electron microscopy, Dr I. R. Lehman for E. coli exo- 
nuclease HI and Miss A. Tandy for technical assistance. 

B. W. STILLMAN 
A. J. D. BELLETT 
Department of Microbiology, 
¿John Curtin School of Medical Research, 
Australian National University, 
Canberra, ACT 2601 Australia 


725 


A. J. ROBINSON 
Department of Molecular Virology, 
imperial Cancer Research Fund Laboratories, 
Lincoln’s Inn Fields, 
London WC2, UK 


Received 13 July; accepted 12 August 1977. 


. Watson, J. D. Nature new Biol. 239, 197-201 (1972). eae 
Belleti, A.J. D. & Younghusband, H. B, J. molec. Biol. 72, 691-709 Q972) ios 
Cavalier-Smith, T. Nature 250, 467-470 (1974). : uae 
Bateman, A. J. Nature, 253, 379-380 (1975). : 
Tattersall, P. & Ward, D. C. Nature 263, 106-109 (1976), 5 Rae eee 
Straus, S. E., Sebring, E. D. & Rose, J. A. Proc, natn. Acad. Sel. USAT o 
742-746 (1976). PO EAS 
Hauswirth, W. W. & Berns, K. L Virelogy 78, 488-499 (1977). 
. Roberts, R. J. (in the press). 
Wu, M., Roberts, R. J. & Davidson, N, J. Virol. 21, 766-777 (1977). TANS 
- Philipson, L., Pettersson, U. & Lindberg, U. Virology Monographs no. ooo. 
{Springer, Vienna and New York, 1975). i : : 
11, Rekosh, D. M. K., Russell, W. C., Bellett, A. J. D. & Robinson, A.J. Cell ti; 
283-295 (1977). $ 
12. Horwitz, M. S. J. Virol. 18, 307-315 (1976). e EO 
13. wane: B., Winnaker, E. L., Tolun, A, & Pettersson, U. Cell 9, 259-268). 
14. Sussenbach, J. 5. & Kuijk, M. G. Virology 77, 149-157 (1977), : 
15. Younghusband, H. B. & Bellen, A. J. D. J. Virol. 8, 268-274 (1971). 
16. Green, M. et al. Proc. natn. Acad. Sci. U.S.A. 37, 1302-1309 (1967). 
17. Horwitz, M. S. J. Virol. 8, 675-683 (1971). 
18. Fife, K. H., Berns, K. I. & Murray, K. Virology 18, 475-487 (1977). 
19. Bourguignon, G. J., Tattersall, P. J. & Ward, D.C. J. Virol. 20, 290-306 (1976): 
20. Koczot, F. J., Carter, B. J., Garon, C. F. & Rose, JA. Proc. natn. Acad, Scio. 
U.S.A. 70, 215-219 (1973). a È 
2i, Donhardt, D. T., Eisenberg, S., Bartok, K. & Carter, BoJ. J. Firol, 18, 672-684 9 
22. Hirt, B. J. molec. Biol. 26, 365-369 (1967). 





Seem mumwe 














Benzo[a]pyrene diol epoxide 
covalently binds to deoxyguanosine 
and deoxyadenosine in DNA 


CHEMICAL carcinogens, for example, benzo [a] pyrene (BaP), 
are metabolised to reactive intermediates which pind > 
covalently to cellular macromolecules'™’ and the extent of 
binding seems to correlate with the carcinogenic potency of | 
the hydrocarbons’. Through various mutagenicity, met 
bolism and binding studies, the intermediate which under: 
goes formation of a stable covalent complex with DNA has 
been identified as 7£,8a-dihydroxy-9a, l0a-epoxy-7,8,9,10+ 
tetrahydrobenzo[a] pyrene (BaP diol epoxide)". The 
structure of a covalent adduct formed between this hydro- o- 
carbon and poly(G) has also been established’”*. We report ` 
here the identity of several adducts. obtained by reacting 
(+)BaP diol epoxide with tritium-labelled DNA. Four. dif- 
ferently labelled lots of DNA were synthesised in vitro with... 
DNA polymerase I by incorporating in each case three une 
labelled and one tritium labelled nucleoside triphosphate... 
Through the use of this unambiguous labelling technique 
we have demonstrated that activated BaP forms two adducts: 
with deoxyguanosine, two with deoxyadenosine and pose- 
sibly one wtih deoxycytidine, while reaction with deoxy- ue 
thymidine was not detected. This approach also allowed the 
relative percentage of each adduct to be calculated. Fhet- 
deoxyguanosine adducts predominated and constituted 92%: 
of the total stable covalent adducts formed. 
(+)BaP diol epoxide was synthesised as previously de- 
scribed’. Covalent binding of adducts to calf thymus DNA 
was carried out at neutral pH by enzymatic activation of 
“H-BaP or reaction of unlabelled or “C-(+)BaP diol 
epoxide directly with the nucleic acid. The phosphodiester 
backbone of the DNA was enzymatically hydrolysed and 
the products were chromatographed on Sephadex LH-20. 
Hydrophobic material eluting from the column was com- < 
centrated and further analysed by high pressure liquid: © 
chromatography (HPLC). eee 
Figure la shows a HPLC profile of hydrolysis products 
resulting from a co-injection of unlabelled DNA reacted 
with (1) *H-BaP plus microsomes and (2) unlabelled 
(+)BaP diol epoxide. Chromatography of DNA-BaP diol 
epoxide adducts alone results in a fluorescence trace iden- 
tical with that of Fig. la. But, chromatography of 
microsome catalysed adducts alone results in detec 
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peaks 1, 4, 5 and 7 only. Therefore, the reaction between 
(+)BaP diol epoxide and DNA yields three more adducts 
(peaks 2, 3 and 6) than BaP plus microsomes and DNA. 
The bases to which (+)BaP diol epoxide binds were 
identified by reacting “C-(+)BaP diol epoxide with each of 
four samples of *H-labelled DNA. The DNA samples were 
labelled unambiguously with *H in either deoxyguanosine, 
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Fig. 1 HPLC profiles of BaP and (--)BaP diol epoxide-DNA 
adducts were carried out on a Varian model 8500 fitted with two 
columns (Waters uBondapak Cis, 4 mm x 30cm) in series and 
eluted with 50°, methanol water. BaP covalent adducts were 
isolated after reaction of [G-"H]BaP with DNA in the presence of 
NADPH and rat liver microsomes from animals pre-treated with 
3-methylcholanthrene. Alternatively, unlabelled or “C-(+-)BaP 
diol epoxide was reacted directly with unlabelled or *H-labelled 
DNA in the same conditions as the enzyme activation of the 
hydrocarbon. The unlabelled or “C-(+}BaP diol epoxide was 
used at the same concentration as the °H-BaP. The °H-labelled 
DNA‘s were enzymatically made by incorporation of three 
unlabelled and one *H-labelled nucleoside triphosphate with 
DNA polymerase from Escherichia coli. Calf thymus DNA, 
untreated, was used as template. The labelled nucleoside triphos- 
phate was used undiluted and this procedure resulted in DNA 
with a specific activity of 14 Ci mg~'. Four DNA samples were 
synthesised with °H located in either (1) deoxyguanosine, (2) de- 
oxyadenosine, (3) deoxycytidine or (4) deoxythymidine. After reac- 
tion of the hydrocarbon with DNA any protein was removed by 
phenol extraction. The DNA was precipitated with ethanol and 
the precipitate heated to remove intercalated hydrocarbon. The 
DNA was enzymatically hydrolysed and hydrophobic material 
isolated by Sephadex LH-20 chromatography. The HPLC pro- 
files represent adducts obtained from LH-20 columns. a, Co- 
injections of *H-BaP plus microsomes reacted with unlabelled 
DNA and unlabelled (+ )BaP diol epoxide reacted with unlabelled 
DNA and b, “C-(£)BaP diol epoxide reacted with °H- 
deoxyguanosine-labelled DNA. 
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Fig. 2) HPLC profile of LH-20 samples isolated as described in 

Fig. 1 after reaction of “C(--)BaP diol epoxide with a, #H- 

deoxyadenosine labelled DNA and b, *H-deoxycytidine labelled 
DNA. 


deoxyadenosine, deoxycytidine or deoxythymidine. The four 
samples of labelled DNA were prepared by incorporating 
three unlabelled triphosphates and one “H-labelled tri- 
phosphate into calf thymus DNA by Escherichia coli DNA 
polymerase I. The reaction condtions were essentially as 
previously described’’, except that the DNA template was 
untreated and the tritiated nucleoside triphosphate was not 
diluted with cold material. The labelled DNA was ethanol- 
precipitated, dialysed, reacted with “C-(+)BaP diol epoxide 
and the covalent adducts were isolated after hydrolysis and 
Sephadex LH-20 chromatography, The results of three of 
the four double label experiments are presented in Figs Ib, 
2a and 26. HPLC of these samples resolved five “C-labelled 
adducts. Figure 1b represents reaction of “C-(+)BaP diol 
epoxide with “H-deoxyguanosine labelled DNA. Peaks 3 and 
5 contain both *H and “C and therefore represent hydro- 
carbon-deoxyguanosine adducts. From the specific activities 
of both the hydrocarbon and base a I: 1 ratio of the two 
components was calculated. Similar inspection of Fig. 2a 
and 6 identifies peaks 6 and 7 as deoxyadenosine adducts 
while peak 4 may be a deoxycytidine complex. Assignment 
of this adduct must remain tentative because of the lack 
of complete symmetry and coincidence of the "H and “C. 
Reaction of deoxythymidine was not observed despite our 
ability to detect approximately 1 adduct per 2.510" base 
pairs. The relative percentage of each adduct formed is 
shown in Table 1. Binding occurred to the extent of 92% 
deoxyguanosine, 5% deoxyadenosine, 3% deoxycytidine 
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Table 1 Relative distribution of (+) BaP diol epoxide adducts with 
the bases of DNA 





Peak no.* it 2 3 4 5 6 7 
Base — ? dG, dŒ} dG, dA, dA, 
Per cent 

total based on§ 

3H — — 10 2.4 86 0.1 1.4 

“E — — 0 3 8&2 I 4 





“*Peak nos refer to Fig. la. 
+Peak | is probably a hydrolysis product of (+) BaP diol epoxide. 
tAssignment of this adduct is tentative. 
§Computed from Fig. 14. 


and 0% deoxythymidine. These results are not in accord 
with those obtained. by reaction of (+)BaP diol epoxide 
with model nucleic acids”, where the hydrocarbon reacted 
with poly(G), poly(A) and poly(C) to a similar extent. The 
reactions with model systems were carried out in 50% 
acetone which would have denatured the nucleic acids”, 
while the conditions used here were more favourable to 
maintaining helical conformation. The differences in re- 
action conditions may explain the relative lack of binding 
asymmetry found with the model systems. 

Two adducts were obtained for both deoxyguanosine and 
deoxyadenosine and this could also be the case for deoxy- 
cytidine since peak 2 was not identified and could represent 
a second deoxycytidine adduct. The formation of two 
adducts with each base could have resulted either from the 
reaction with both stereoisomers of (+)BaP diol epoxide or 
alternatively a single isomer forming cis and trans addition 
products. Reaction of (+)BaP diol epoxide with poly(G) 
results in predominately trans addition of equal amounts 
of both stereoisomeric hydrocarbons’. We also analysed the 
adducts formed between (+)BaP diol epoxide and poly(G) 
by HPLC and circular dichroism spectroscopy. In confirma- 
tion of the results of Weinstein er a/.°, we found that two 
major adducts were formed in about equal amounts and 
correspond to reaction of (+) and (—)BaP diol epoxide. In 
addition, two minor adducts were found which could rep- 
resent (+) and (—)BaP diol epoxide reacting by cis addi- 
tion of the guanine base. 

Only one deoxyguanosine adduct was formed with the 
microsome system. This probably represents trans addition 
of only one enantiomer since enzymatic formation of BaP 
diol epoxide is stereoselective’. Two adducts were formed 
by reaction of (+)BaP diol epoxide with DNA and by 
analogy with the poly(G) system correspond to adduct for- 
mation with the (+) and (—) enantiomers of the hydro- 
carbon. In contrast to the poly(G) system where dia- 
stereomers are formed in approximately equal amounts, 
the DNA adducts occur at 90% and 10% for deoxy- 
guanosine and 80% and 20% for deoxyadenosine. The 
amounts of the two adducts with deoxyguanosine and 
deoxyadenosine tend to equalise on binding of the hydro- 
carbon to heat denatured DNA. Also, there is an increase 
in the overall proportion of deoxyadenosine adducts. These 
results suggest that the asymmetric binding of the two 
stereoisomers of (+)BaP diol epoxide is less with single- 
Stranded DNA than with double-stranded DNA. The pre- 
ferential reaction of one enantiomer with DNA may be 
related to the dissymmetry of the right-handed helix, while 
the increase in deoxyadenosine adducts may result from 
topological changes in DNA conformation. Thus, the rates, 
sites and amounts of products obtained by reacting acti- 
vated BaP with nucleic acids are probably controlled to a 
large degree by the amount of helical form and the con- 

“formation of the polymer. Of the adducts which have not 
been characterised the identity of peak 2 remains unknown 
while peak 1 co-chromatographs by HPLC with a hydrolysis 
product of (+)BaP. diol epoxide. The high-resolution mass 
spectrum of the main deoxyguanosine adduct (peak 5) is 
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consistent with a structure in which the 10-position of ‘the 
hydrocarbon is attached to the N*-exocyclic amine of the 
base. This structure is analogous to that obtained by re- 
acting (+)BaP diol epoxide with poly(G)°. Quantitatively 
the most important adduct is binding to the exocyélic amine 
of guanine. Since (+)BaP diol epoxide formed adducts only. 

with those bases containing a free amino group it is pos- 
sible that this is the preferred binding site. of „the ae 
hydrocarbon. oe 

In addition to the results reported here two other dick as 
have indicated that BaP activation occurs by formation of 
the diol epoxide‘*®. But, evidence for other, as yet un- 
characterised, intermediates has been presented’?". The 
difference in these results and ours may lie in the reaction 
conditions used. We find that magnesium chloride at J and ©. 
5 mM inhibits microsomal mediated binding of BaP to DNA... 
by 60% and 75%, respectively. Since magnesium chloride. 
was used in these studies’*:* it might account for the sixfold) 
lower binding which was obtained compared with our results. 
If magnesium chloride specifically affected BaP diol epoxide 
binding another type of adduct could accumulate which 
would otherwise be a minor component. Even if other bind- 
ing adducts do occur the importance of studying BaP diol 
epoxide rests on the observation that it is the most bioc 9. 
logically active metabolite of BaP yet described" 

In addition to the base adducts reported here; (4)BaP 
diol epoxide catalyses DNA and RNA strand scission”. o o 
Despite the fact that 250-300 base adducts are formed for 
each strand scission” the relative importance, and” indeed E 
physiological significance, of each of these processes are 
unknown. Ethyl nitrosourea forms alkyl phosphotriesters 
and strand scissions which are lethal”. Since (+)BaP diol 
epoxide undergoes similar reactions this could account for 
some of the cytotoxic properties of BaP’. Furthermore, the z 
excision repair of adenine carcinogen adducts in a number ` 
of cases is known to occur at a greater rate than those of- 
guanine”. The N?-exocyclic amine adduct of deoxyguan-. ` 
osine-BaP diol epoxide may therefore have a relatively long ©. 
biological half life. As cancer induction occurs over a long 
period of time this may be an important adduct in the > 
biological transformation caused by BaP. 

We thank A. L. Burlingame for the high resolution mass 
spectrum and NCI for the “C-(+)BaP diol epoxide: This 
work was supported in part by the US ERDA Division of 
Biological and Environmental Research and NCI, contract 
YO!-CP50203. : 
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General relativistic 
incompressibility 


Coorerstock and Sarracino! have at- 
tempted to redefine the concept of incom- 
pressibility in general relativity. Their re- 
sult, if correct, would lead to a higher 
allowable maximum redshift from the sur- 
face of a bound object than is usually said to 
be permitted?. We point out here a serious 
physical difficulty associated with their 
work. In calculating the mass of an equili- 
brium configuration in general relativity, the 
local mass density (a scalar quantity) can 
always'be related to the pressure through an 
equation of state established in an inertial 
reference frame, without regard to the local 
gravitational potential. Nonetheless, 
Cooperstock and Sarracino choose to 
define a constant proper mass density 
Pproper = PU')/B,,'/? = constant = a (say). 
They then compute a stellar mass from the 
relation 


o 
M = 


* 


0 


4nr?g 7? dr (yj 


P proper 


where g,, is the radial component of the 
metric tensor. This definition of the mass is 
correct, being simply the general relativistic 
expression With Pproper Sir in place of p (r). 
As pír) is already a scalar, however, 
Pproper Has no well defined physical 
significance. The division of the integral for 
mass into a product of a ‘proper’ volume 
and ‘proper’ density is arbitrary and mis- 
leading. Cooperstock and Sarracino, in 
asserting that the global contribution of 
gravitation to the overall mass-energy of a 
star will affect the local stress tensor. have 
missed the point of the equivalence prin- 
ciple, the very foundation of general re- 
lativity. The validity of this proposition 
guarantees that p itself (not p/g,,'°*) is what 
one would measure when applying an ‘er- 
gometer’ to a small piece of matter, 
whether it was inside a neutron star or in 
empty space. In principle, the source stress 
tensor7,,, appearing on the right hand side 
of the field equations G,, = AT, should 
contain all sources of mass-energy except 
gravitation. In practice, the gravitational 
binding energy of two neutrons, whether 
107 or 1071? cm apart is negligible. There- 
fore p is the physical quantity relevant for 
local dynamical effects in neutron stars. 
Nonetheless, following the procedure of 
Tolman’, one can treat the relation pfr} = 
agu” as a defining equation for the radial 
variation of p(r) and then deduce the equa- 


tion of state p = p(p). In that case, the 
equation of hydrostatic equilibrium is still 
dp eee 


given by* 
Po | 
ae : peo 
dr p pie? 


À 4ar pry Jt 
xj i SRAT -2G M{r)r pl 
-| + Mine l 7M(r)rc (2) 


Substituting ag,,’’* for p(r) and noting that 
in a physically allowable object p must be 
positive, all the terms on the right hand side 
of equation (2) must be positive, so that the 
pressure decreases with radius, that is 
dp/dr <0, Now the numerical results of 
Cooperstock and Sarracino! show that pir) 
decreases with increasing g,,' 7, that is 


dp/d(g,,/ 7) <0 


But since p(r) = ag,,'7 must be a 
positive quantity. dp/dg<0. This is an 
unstable and unphysical situation, In or- 
der to have microscopic stability*, one 
requires dp/dp > 0. Furthermore, dividing 
dp/dr by dp/dp, one finds dp/dr>0. It is 
hard to imagine that a physically realistic 
star with p increasing outward can be made. 
Though the resulting configuration is in 
equilibrium since it isa solution to the general 
relativistic hydrostatic equilibrium equa- 
tion, it is unstable. Therefore, the resulting 
star constructed from Cooperstock and 
Sarracino’s definition of incompressibility 
in general relativity is physically unrealis- 
able. It seems that the redshift limit z = 2 set 
by Bondi? remains the largest allowable 
surface redshift consistent with both gen- 
eral relativity and microscopic stability. 


K. BRECHER 
Department of Physics. 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139 


I. WASSERMAN 
Department of Physics, 
Harvard University, 
Cambridge, Massachusetts 02138 


1 Cooperstock, F. E & Sarracina. R. S. Nature 264, 529 (1976). 

2 Bondi, H. Proc. R. Soc. A282, 303 (1964): Lectures on General 
Relativity, Brandeis Summer Institute in Theoretical Phys- 
ics, 1964 (eds Deser, S. & Ford, K. W.) (Prentice-Hall. 
Englewood. 1965). 

1 Talman, R. C. Phys. Rer. 88, 364 (193 

* Weinberg, S. Gravtatien amd € ovuelogs (Wiley. New York. 
1972) 








COOPERSTOCK AND SARRACINO REPLY— 
For Brecher and Wasserman. pproper Would 
have “well defined physical significance” 
only if it were completely invariant. In earlier 
correspondence, we had directed them to 
the equivalence principle. noting that this 


principle renders such invariance 4 priori 
unattainable. The equivalence principle im- 
plies that the gravitational field can be 
locally transformed away by free-fall. That 
is not the point. The point is that with 
respect to a frame at rest relative to a 
spherically-symmetric body. Pproper Cer- 
tainly is well defined. It assumes the form 
Pga ' ? in Schwarzschild coordinates. This 
form has been justified by Misner and 
Sharp! ? from dynamical considerations. 
We have justified the form from static 
considerations, and the extension has been 
made to charged fluid spheres (F.C, and 
R.S.S.. in preparation, also, F.LC. and V. 
de la Cruz, in preparation). In another 
coordinate system, say isotropic coor- 
dinates. it would not assume this form, but 
rather be determined by the integrand of the 
energy integral of the body over proper 
volume 


Mr) = p Ea 
proper proper 


All energy, including gravitational energy, 
contributes to the total mass of the body 
and hence Ppropers Which includes all energy, 
is the physically relevant quantity in general 
relativity. The failure to recognise its central 
role has been perpetuated by Newtonian 
conditioning. 

On the one hand, Brecher and Wasser- 
man assert that the validity of the equival- 
ence principle guarantees that p and not 
Pproper IS What their “ergometer” will meas- 
ure. On the other hand. they then say that 
the gravitational binding energy of two 
neutrons, even 107 '* cmapart. is very small 
at any rate. If the energy is not there in 
principle, why worry about it in practice? 

We feel that Brecher and Wasserman 
miss the point again. Certainly the gravi- 
tational binding for two neutrons is neglig- 
ible. But, we are not concerned here about 
two neutrons nor indeed, necessarily about 
neutrons. We are concerned about con- 
ditions where large amounts of matter are 
being compressed. towards their limit and 
gravitational energy Is very significant in- 
deed. This significance is made quite evident 
in the distinction between the bodies which 
satisfy the p =constant and 
Pproper = Constant equations of state. Weare 
not “asserting that the global contribution 
of gravitation to the overall mass-energy of 
a star will affect the local stress tensor 
(T,.3...°. We are asserting that the local 
contribution of gravitational energy. in 
addition to Ta. determines the physically 
relevant proper total energy density. 

Without entering the controversy regard- 
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Fig. 1 Calculated differential melting curve for the block~random DNA sequence 
containing 4,002 base pairs. It consists of three blocks 1,334 base pairs long with GC 
contents of 0.43, 0.50 and 0.57. The sequences within each of these blocks were obtained 
using a random digits generator. The calculations were performed by the method of 
Poland? for a standard set of the DNA thermodynamic parameters (see for example 
ref. 7). o = 5107; Tar = 340 K; Tor = 380 K; Usr = 8 kcal mol; loop-weighting 
exponent a = 1.5. The negative value of the derivative of the degree of helicity 8 with 
respect to temperature is plotted as ordinate and the difference between the temperature 
and the value J, = 360 K being an abscissa. 


ing superluminal sound, we can certainly 
state that dp/dpproper is non-negative, One 
does not have to pursue the analysis of 
Brecher and Wasserman to determine that 
dp/dr > 0 for the pproper = Constant equa- 
tion of state. This is obvious from 
Buchdahl's proof. The point is that Pproper 
does not increase with r. To paraphrase 
Brecher and Wasserman, we would find it 
hard to imagine that a physically realistic 
star With proper increasing outward. can be 
made. Clearly our equation of state was 
chosen as the limiting case which fulfills this 
requirement. 
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The nature of the fine 
structure of 
DNA melting curves 


SEVERAL reports? have suggested that 
the differentional melting curves of 
DNA from various bacteriophages (in- 
cluding A, T7, Sp, PM2 and fd) have a 
clear-cut fine structure. This fine struc- 
ture is seen as a series of sharp peaks 


with half-width of about 0.3°. Experi- 
mental results obtained in the various 
laboratories correlate well and thus 
one can suggest that fine structure 
of the differential melting curves is a 
general feature of all DNA’s contain- 
ing several tens of thousands or less 
of base pairs. It is clear also 
that a particular profile of the differen- 
tial melting curve reflects a particular 
sequence of base pairs. Wada er al.* 
have gone further and concluded that 
the fine structure is evidence of the 
existence in DNA of homostability 
regions characterised by highly homo- 
geneous sequences largely different 
from random ones. They came to this 
conclusion because of their failure to 
obtain theoretically differential melting 
curves resembling experimental curves 
for the case of a random sequence of 
base pairs (see refs 2 and 4). 

In contrast to the findings of Wada 
et al. we have shown’ that the existing 
helix—coil transition theory predicts the 
effect of fine structure in the differen- 
tial melting curves for purely random 
sequences. The theory explains all 
main features of the observed effect 
including the width of the individual 
peaks, the dependence of the effect on 
number of base-pairs in the genome, 
on the state (closed or open) of circular 
DNA and so on (for details see ref. 5). 

It has long been known that in many 
instances DNA consists of blocks 


T29 


which differ from one another in their 
GC content, but inside such blocks the 
distribution of base pairs has been 
thought to be quasirandom (see for 
example ref. 7). A DNA presents a 
classic example -of such block — se- 
quences. It is clear that DNA with a 
block sequence will melt within broader 
temperature interval and. simply- be- 
cause of this it will exhibit much 
greater fine structure than DNA o 
the same length but of random 
sequence (that is, consisting of a single.” 
block). In fact, in random DNA: the’ 
different peaks overlap each other and 
smooth off the fine structure. Experi- 
mentally this tendency is shown 
dramatically when quasirandom T7 
DNA is compared with the block A 
DNA which is virtually as long. but 
has a differential’ melting curve with 
very much more distinct fine structure. 






An even more impressive example > 


of a differential melting curve with 
very distinct peaks was presented by: 

Wada et al“. They measured thë 
differential melting curve for there- 
plicative form of fd DNA. This DNA 
consists of only about 6,000 base. pairs. 
but its differential melting curve con- 
tains as many as seven well resolved 
peaks. i ; 


To simulate something similar to this 


we have generated a sequence contain- 
ing 4,002 base pairs divided in three 
blocks each consisting of 1,334 base 
pairs with the GC contents of 0.57; 
0.50 and 0.43. These values were 
chosen so that the resultant melting 
curve for our artificial sequence should 
be as wide as the experimental curve 
for fd DNA. Within each block a 
sequence was obtained with the aid of 
a generator of random digits. The 
theoretical differential melting profile 
for such sequence is shown in Fig. 1. 
This profile consists of at least six 
well resolved peaks and bears a strik- 
ingly close resemblance to the experi- 
mental profile presented by Wada et 
al.®. 

Thus we conclude that the fine 
structure of differential melting curves 
can be explained quite plausibly by the 
theory of helix—coil transition under 
the assumption that only quasirandom 
or block-quasirandom sequences exist. 
So the observed sharp peaks on the 
differential melting curves can not be 
considered as evidence for existing 
homostability regions, that is, suf- 
ficiently long sequences consisting of 
repeating short segments which contain 
a fixed number of AT and GC pairs as 
Wada et al.* have claimed. 
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Crustal and in situ 
origin of Norwegian eclogites 


Kroc’ in a study of Norwegian eclo- 
gites concludes that all these eclogites 
can represent crustal rocks metamor- 
phosed in situ during subduction to 
depths of 60-85km. To show that eclo- 
gites are metamorphosed in-situ 
demands that their conditions of for- 
mation are replicated in the adjacent 
amphibolite, or occasionally granulite 
facies, gneisses’. In the western parts 
of Krogh’s area eclogite equilibration 
conditions are T~800 °C, P~23 kbar’. 
There are, however, no gneissic para- 
geneses compatible with such condi- 
tions in which plagioclase is unstable’. 
Thus applying geobarometric tech- 
niques’* to a pegmatite, said to be 
genetically related to adjacent eclo- 
gite’, maximum pressures are 12 kbar 
(ref. 3) or 13.2 kbar (ref. 4) for an 
assessed T=700 °C. The occurrence of 
margarite in  meta-anorthosites as- 
sociated with eclogite? gives maximum 
pressures of about 9 kbar’. 

For Norwegian eclogites to be 
crustal demands that either their bulk 
chemical variations are controlled only 
by low-P fractionation, or that transi- 
tions from parent basalts and so on 
can be seen. I know of no unequivocal 
examples of the latter. 

Krogh’ does not seem to distinguish 
between the country-rock eclogites* 
he describes and eclogites within ultra- 
mafic masses’*""°. He ignores critical 
evidence from the latter association 
that clinopyroxene, orthopyroxene and 
garnet show exsolution relationships’’** 
which suggest high T-P conditions 
(1,100-1,600 °C, 20-40 kbar) not com- 
patible with crustal metamorphism or 
a subduction regime. He also ignores 
the description of orthopyroxene ex- 
solving garnet from a country-rock 
eclogite’ (recent work’ suggests 
T= 1,200-1,370 °C, P=30-33 kbar). 

Krogh demonstrates that there are 
regional variations in conditions of 
eclogite equilibration and that these 
conditions vary with time. He does 
not show how the eclogites reached 
this equilibrium. Exsolution data 
suggest that some eclogites at least, 


formed from high-P liquids’ and are 
neither crustal nor in situ. 
Paradoxically | continent-continent 
collision processes’ also seem a likely 
scenario for such rocks though 
dominated by deep level obduction” 
rather than subduction processes’. 


M. A. Lappin 


Department of Geology 
& Mineralogy, 

Marischal College, 

Aberdeen, UK 
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KROGH REPLIES—From the first sen- 
tences and the conclusion of my 
article', it should be quite clear that I 
am dealing with eclogites within 
gneisses. Low-P (<10 kbar) fractiona- 
tion may, in fact, be responsible for 
chemical variations within eclogites’. 
Several lines of evidence also suggest 
that some of the eclogites may repre- 
sent meta-sediments’. Transitions from 
parental low-P igneous to eclogitic 
paraganeses are in fact, described from 
several localities (refs 4-7 and Bryhni 
& Wickström personal communica- 
tion). 

Gneisses from Hareidland contain 
plagioclase-clinopyroxene symplectites 
along with garnet+Ksp+bio+rutile’’, 
thus indicating an originally eclogitic 
paragenesis in which plagioclase was 
unstable, 

Analyses of co-existing garnet+ 
clinopyroxine pairs from granulites at 
Målöy show that the Kodin 
values here are equal to those in 
adjacent eclogites (L. Malinconico, 
personal communication). This in- 
dicates similar metamorphic conditions 
in these two rock types. 

Margarite in meta-anorthosite asso- 
ciated with eclogites is suggested by 
Lappin’? to be related to local amphi- 
bolitisation of the eclogites. 

The pegmatite referred to’ may well 
be from the field and petrographic 
descriptions’ post-eclogitic. Lappin’s'' 
limitations on the maximum pressure 
attained by the gneisses are thus 
related to later, post-eclogite events. 

I have demonstrated the variation in 
metamorphic conditions with time by 
studying the chemical zoning of the 
minerals of the eclogites. 


Nature Vol. 269 20 October 1977 


The inferred increase in P and T 
from, for example, 9.6 kbar, 505 °C to 
17.6 kbar, 720 °C (ref. 1, Table 1) must 
be regarded as a rather marked vari- 
ation. I further reported relict blue- 
schist facies mineralogy in eclogites 
from Sunnfjord. In these samples, the 
cores of both garnet and amphibole 
have compositions typical for blueschist 
facies’, while the rim compositions are 
more typical for eclogites within 
gneisses’”’?, Furthermore, inclusions of 
low-P metamorphic mineral assem- 
blages are fairly common in the garnets 
of eclogites from Nordfjord’** and 
Sunnfjord’, indicating that prograde 
metamorphism has produced the eclo- 
gite mineralogy. 

These variations all indicate that a 
large increase in P and T occurred 
with time at individual localities, as 
well as from east to west across the 
Gneiss Region. 

With regard to the exsolution 
phenomenas in pyroxenes~"*, the ex- 
solution history is still ambiguous. The 
existing chemical data are not satis- 
factory since the chemical zoning in 
the exsolved phases is not investigated. 
These data’*™'*, however, still tend to 
give equilibrium conditions that fall 
within the regional P-T pattern defined 
for the whole area’. A more extensive 
discussion of the crustal and mantle 
derivation of Norwegian eclogites will 
soon be available’ 

The evidence of mineral zoning in 
individual samples, and the regional 
variation in equilibrium conditions 
strongly argues that the eclogites I 
have studied were formed by in situ 
prograde metamorphism of crustal 
rocks. This does not exclude the 
possibility that some of the components 
of this terrane, such as the ultrabasic 
masses, may have been introduced 
from the mantle". 


ERLING J. Krocu 


Mineralogisk-Geologisk Museum, 
Sargst. l, 

Oslo 5, 

Norway 
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Wonderful contrivances 


Perpetual Motion. The History of an 
Obsession. By Arthur W. J. G. Ord- 
Hume. Pp. 235. (Allen and Unwin: 
London, 1977.) £.50. 


THE subtitle of this book The History 
of an Obsession is significant in its 
place: the study is one of -unrelieved 
failure (and a modicum: of fraud); of 
inevitable failure when the products of 
obsessive fantasy are examined for 
sober fact. It is also apposite in an- 
other connection. In his Acknowledge- 
ments and Preface, and casually in 
asides throughout the text, the author 
gives a brief history of his own thral- 
dom to his subject. 

Mr Ord-Hume is a qualified mech- 
anical engineer, with a successful 
career as a small-aircraft designer 
behind him, whose first encounter with 
the perpetual-motion saga was at his 
father’s knee: “[My Father] used to 
tell me about it all when I was very 
small.” Then, at university, his persist- 
ent importuning of one professor in 
particular at last brought the injunc- 
tion never “to mention the subject 
again”. In later life Mr Ord-Hume 
began a file of literature references to 
perpetual motion, as a by-product of 
research for other writings. The file 
grew and grew. Finally, a few years 
ago, the BBC’s producer of Horizon 
planned a programme on perpetual 
motion, and he was asked to help. As 
he reports: “For several weeks I 
became thoroughly steeped in this sub- 
ject, exploring in depth the references 
which I had filed away over the years 
. . . [the] material ended up in the 
form which you now have in your 
hands”. 

The form, alas, is not entirely pre- 
possessing, there are footnotes with 
references to cited literature, there 
are four pages of bibliography and an 
index of more than six pages, indeed 
the trappings of a scholarly work, but 
the writing is far from scholarly. (On 
the author’s behalf it should, however. 
be said that it was not his intention to 
write academically—rather to provide 
“a subjective history of the quest for 
the impossible”.) Mr Ord-Hume should 
at least. however, have supervised his 
indexer. A single person referred to in 
different places in the text under 
slightly different guises (as Edward J. 


N. Feather 





Wood, rather than as Wood simpli- 
citer, or as Edward Somerset, rather 
than as the Marquis of Worcester) is 
apt to be indexed under each guise, 
without cross-reference—and the 
author himself might well have con- 
sidered the item “‘Ord-Hume, author, 
quoted” as supererogatory! 

More serious, for whatever reader- 
ship he was consciously writing. Mr 
Ord-Hume should have made sure that 
he got his elementary physics right. His 
version of Newton’s first and third laws 
will pass muster, but his second law 
will not—‘‘When a force acts upon a 
body in motion, the effect of this 
action is the same, in magnitude and 
direction. as if it acted on the body at 
rest.” His version of the second law of 
thermodynamics reads: ‘‘heat cannot 
be increased without the expenditure 
of more work: it cannot run uphill”. 

There is much, then, to irritate the 
knowledgeable. or confuse the tyro, in 
this book, but there is also a wealth of 
solid information, and a gallery of 
illustrations (some ninety of them) 


of the strange and wonderful contriv- 
ances from none of which, in the 
upshot useful work was obtained with- 
out drawing on an external source of 
energy (some, in fact, were never 
intended to do external work—the 
self-winding clocks, for example). The 
illustrations alone provide interest and 
instruction; it is convenient to have 
them in a slender (and not immoder- 
ately priced) volume. Apart from: this 
aspect, however, the serious engineer 
will probably in the end find it necess- 
ary to seek out the two-volume work 
of Dircks (vol. 1, 1861; vol. 2, 1870) in 
the library, if he wishes to pursue the 
subject in depth. 

Mr Ord-Hume may claim to have 
brought the story up-to-date by the 
inclusion of Strutt’s radium clock, the 
Wilberforce pendulum and the breeder 
reactor as objects of discussion—but 
again, I fear, he has garbled the physics 
in the process. | 


N. Feather is Emeritus Professor of 
Natural Philosophy at the University of 
Edinburgh, UK. 








Plant cell and tissue culture 





Applied and Fundamental Aspects of 
Plant Cell, Tissue and Organ Culture. 
Edited by J. Reinhart and Y. P. S. 
Bajaj. Pp. 803. (Springer: Berlin, 
Heidelberg and New York, 1977.) 
DM190; $83.60. 





PLANT CELL and tissue culture is de- 
veloping into an active and exciting 
area of research and is permitting 
novel lines of investigation in the 
various plant sciences. In vitro tech- 
niques are being widely used: on the 
one hand they enable manipulations 
of microbial genetics, physiology and 
biochemistry to be accomplished with 
higher plant materials: whereas on the 
other hand, they prove a direct tool 
for the propagation of useful agri- 
cultural varieties. A major volume 
attempting a contemporary review of 
the field should reflect a fair measure 
of this excitement and potential. In- 
deed. there are some excellent and 
readable reviews in Plant Cell, Tissue 
and Organ Culture which capture 
interest and stimulate thinking. Several 
reviews of plant cell culture techniques 


are particularly notable. These excellent 
gems are, however, set with unin- 
spired efforts to make up this collection < 
of thirty-five articles. Several of the: 
reviews are either very poorly written . 
or ramble from the declared topics. 
The whole volume can be compared 
to that paragon of biological reviews, 
The Bacteriophage Lambda, published 
by Cold Spring Harbor Laboratories. 
One profound difference is immediately 
evident. Although the Lambda book 
seems to be a product of firm editorial 
control, this present book does not 
seem to have had such direction and, 
consequently, reads as if it were written 
by committee. Further, the Lambda 
book focuses on an organism, and thus, 
has a unifying theme, whereas this 
volume attempts to cover not only 
many organisms but also the entire 
complex phenomonology of plant cell, 
tissue and organ culture. Perhaps this 
is too much to ask of one book. We 
are left with the impression that the 
immediate. details of the technology of 
in vitro plant culture overshadowed a 
coherent presentation of the underlying. 
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biological principles. In a sense, the 
volume doesn’t constitute a book 
(although bound as one) but a collec- 
tion of reviews on in vitro plant 
culture, which could be the tissue 
culture chapters from books on specific 
crops, cytogenetics, development or 
other aspects of plant biology. 

A closer look at a few of the chapters 
is instructive. Chapter 1 is called “Re- 
generation of Plants, Vegetative Pro- 
pagation and Cloning”. The authors of 
ten individual articles which comprise 
this chapter discuss many other aspects 
of plant cell and tissue culture besides 
these topics. A good number of them 
cover in elementary detail the very 
basics of plant cell culture, such as 
media composition and preparation of 
the explant; others attempt to cover all 
aspects of plant cell culture, including 
such items as haploids, mutagenesis, 
disease resistance and economics. The 
present chapter title is perhaps inappro- 
priate and misleading, and could better 
be “Current Status of Cell and Tissue 
Culture with Regard to Selected 
Crops”. This first chapter might have 
been organised around fundamental 
aspects of regeneration. What induces 
organogenesis and embryogenesis? What 
do we know and what do we need to 
know? What approaches are currently 
being taken to get answers to these 
questions? Then there could have been 
a final section on current applications 
of the in vitro techniques and further 
prospects. In organising the chapters 
by crops, the editors have permitted 
redundancy and inconsistency in the 
degree of detail. 

Chapter 3, entitled “Cytology, Cyto- 
genetics and Plant Breeding”, doesn’t 


deal with plant breeding at all; that is, 
it doesn’t give examples of breeding 
schemes or new varieties or individual 
plant breeders who utilise tissue culture 
techniques. There is also an inappro- 
priate mixing of whole plant and tissue 
culture experiments. The reviews are 
typically a cataloguing of experiments, 
with little or no attempt to pull these 
findings together into a hypothesis (let 
alone, a theory!). 

Chapter 4, “Protoplasts, Somatic 
Hybridisation and Genetic Engineer- 
ing”, contains very detailed reviews of 
the subjects it considers. In particular, 
each article tends to have full dis- 
cussions of the experimental technique 
involved, although occasionally, at the 
expense of a critical evaluation of the 
implications of the data obtained. 
There is no mention of either recom- 
binant DNA or crown gall—-disappoint- 
ing, since these are two very promising 
approaches to genetic engineering. 
Each article unfortunately contains 
smal] sections which repeat the material 
discussed as the main topic of another 
section. 

Chapter 6, entitled “Cell Culture and 
Secondary Products”, is very straight- 
forward with three subsections. These 
include culture techniques, secondary 
products, and tissue culture and 
pharmacy. A nice addition to the ex- 
tensive secondary products list in 
section two would have been the area 
of importance of these products. The 
author of section three was the only 
one to make a real effort to discuss 
the exciting range and importance 
of plant secondary products. This 
chapter contains a great deal of in- 
formation which should be of value to 





Atomic collision 
theory 


Potential Scattering in Atomic Physics. 
by P. G. Burke. Pp. viii+ 138. (Plenum: 
New York and London, 1977). $27. 





ALTHOUGH many of the theoretical 
ideas underlying the scattering of 
electrons by atoms were developed in 
the 1930s, particularly by Sir Harrie 
Massey and his collaborators, it was 
not until the development of electronic 
computation in the early 1950s that 
really extensive calculations could be 
carried out to test these ideas. It was 
a happy chance that the start of 
Professor Burke’s career (under Sir 
Harrie Massey at University College, 
London) coincided with this develop- 
ment, of which he took the greatest 
advantage. Now he is not only one of 
the leading authorities on the theory 


of atomic collisions, but also on the 
complex techniques involved in the 
computation of cross-sections which are 
both of intrinsic interest and of prac- 
tical importance in the theory of 
plasmas, of astrophysics and in parts 
of theoretical chemistry. With the 
author’s reputation in mind, one turns 
to this little book with high hopes, 
which are not disappointed. Here is a 
marvellously lucid and concise account 
of the elementary parts of atomic 
collision theory admirably serving as 
an introduction to the subject. 

The book starts with an account of 
scattering by short range spherically 
symmetrical potentials, which is then 
generalised to include long range 
Coulomb potentials and spin-dependent 
potentials. Following this basic 
material, elastic scattering of electrons 
by atoms or ions is discussed and it is 
shown how, at low energies, the effec- 
tive range and quantum defect theories 
can be developed. This leads naturally 
into a discussion of resonance scattering 


Nature Vol. 269 20 October 1977 


those contemplating, or presently in- 
volved in secondary product research, 
but may be a confusing compendium 
of chemicals to others. The excitement 
of the area—where it’s been, where it 
is and where its going-—-was not 
obvious. 

Some positive suggestions may be in 
order. The editors might have written 
a reasonably in-depth introduction to 
each major section. This could have 
served the function of bringing loose 
ends together and pointing out uni- 
fying concepts. If the book is ever 
revised, as such a work might be, it 
could be offered in several smaller 
volumes, even in paperback. This 
would allow investigators to buy just 
those sections which are of most 
interest to them. In fact, each chapter 
could have been one paperback. The 
redundant sections would then have 
become useful, the price could have 
been cut considerably, and the material 
might have reached a wider market. 

In spite of its deficits, Plant Cell, 
Tissue and Organ Culture will find its 
way into a great number of labora- 
tories working with plant cell culture. 
It does contain a copious quantity of 
factual information and thus fills a 
need. It is a shame that the publishers 
have decided to fix the price so high, 
and that copyright laws restrict photo- 
copying. A photocopy at one quarter 
the expense is attractive—but we don’t 
want to introduce scientists into a life 
of crime! 

Peter S. Carlson 


Peter S. Carlson is John Hannah Pro- 
fessor of Agriculture at Michigan State 
University. 





with a brief account of some of the 
analytical properties of the scattering 
matrix. Some of the most fruitful 
techniques for the many electron 
problem have been based on variational 
methods and these are discussed in 
some detail, together with the asso- 
ciated problem of finding bounds to 
the phase shifts. The book concludes 
with chapters on the Born series and 
its convergence, and on those approxi- 
mations that have been developed for 
use at high energies, including the well 

known Glauber approximation. 
Although much of this book could 
be read with profit by final year under- 
graduates, it will be of most use to 
those students who are starting research 
in atomic physics or quantum 
chemistry, for whom it will serve as 
an elegant introduction to the original 
literature and to the advanced treatises. 
B. H. Bransden 





B. H. Bransden is Professor of Theoretical 
Physics at the University of Durham, UK. 
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Crab 
biology 


The Biology of Crabs. By G. F. 
Warner. Pp. xii+ 202. (Paul Elek: Lon- 
don, 1977.) £6.95. 





Ir is no easy task to write a book about 
crabs which will both appeal to and be 
bought by a wide audience: One ap- 
proach is to produce a- short cheap 
book which will enter the undergradu- 
ate market as a supplement to more 
general texts, a second is to aim for a 
more definitive work which will become 
a necessary standby for every research 
worker involved. with the Brachyura. 
Dr Warner has made a brave attempt 
to bridge this gap. 

First, I must indulge in that measure 
of nit-picking required of a reviewer to 
prove that the book has been read. On 
p81, narchus should read Inachus, and 
on pl39 Meropaulus should be Meto- 
paulias. More seriously, on p121, a>1 
for positive allometry and a<1 for 
negative allometry, and not the con- 
verse as is stated. Generally. however, 
the book is accurate, very well written, 
and complemented by a set of ex- 
tremely clear diagrams which are 
either original or redrawn. 





Defining 
the virus 


The Virus: A History of the Concept. 
By Sally Smith Hughes. Pp. xix+ 140. 
(Heinemann Educational: London; 
Science History Publications: New 
York, 1977.) £3.90; $6.95. 





FIFTEEN years ago, it was relatively easy 
to define a virus. Since then, it has 
become increasingly difficult. The 1960s 
were the hey-day of the virion—that. is, 
the definitive, observable infective 
particle of a virus. It was a circum- 
scribed, compact, convenient entity 
and, for any one virus, once it had been 
described, the virion was essentially 
characterised. 

Eighty years ago the subject was 
shrouded in confusion because of the 
lack...of knowledge. Paradoxically, it 
has become more difficult again now, 
because of a plethora of knowledge. 
For example, the distinction between 
viral and cellular DNA in the DNA 
tumour viruses has become increasingly 
blurred, and, so far as the bacterial 
viruses are concerned, the plasmids 
have obstructed the once clear picture 
of phages as bacterial viruses. 

The- concept of the virion as the 
essential and ‘definable stage in the 


My main criticisms deal with sins of 
omission rather than of commission— 
with the balance of the material pre- 
sented in relation to the book as a 
whole. Naturally the criticisms will 
reflect my own interests and prejudices, 
just as the content of the book reflects 
those of the author. 

In the first chapter on anatomy and 
basic function, the stomach is discussed 
and illustrated at length, whereas the 
entire reproductive system is dismissed 
in a half-page of text. In the third 
chapter compound eye theory is con- 
sidered in some detail without being 
related specifically to the Brachyura. In 
the chapter on rhythms, tidal and 
diurnal cycles are covered fully, but 
annual cycles of reproduction and 
moulting are glossed over—by no 
means all temperate crabs have syn- 
chronised annual breeding periods. 

The chapters on life styles and food 
and feeding are fascinating but all too 
short, whereas that on social behaviour 
is particularly detailed in comparison. 
In chapter 8 on life histories some men- 
tion of how growth can be determined 
by Hiatt’s method or by suture tags 
would be worth including, and a simple 
diagram would profitably replace most 
of the long verbal description of the 
mechanism of autotomy. The penulti- 


biology of any virus was not easily won, 
and the slow climb from confusion 
with the bacteria to the molecular 
biology of the 1960s makes an interest- 
ing story. Needless to say, it was not a 
smooth one, and it went by fits and 
starts rather than by steady progress. 
The 1890s were a watershed, when the 
agents of tobacco mosaic and foot-and- 
mouth disease were characterised as 
novel and even bizarre. 

Dr Hughes spent three years as a 
historian in an academic department of 
virology, and her book records well the 
period leading up to the 1890s, and in 
particular the words and thoughts of 
Ivanovski and Beijerinck, their relative 
contributions to the subject, and some- 
thing of how they lived, moved and had 
their being. (Who would have dreamed 
that Beijerinck’s father was a tobacco- 
nist?) The story after the turn of the 
century is told somewhat more briefly, 
and supplemented by useful tables and 
appendices. The whole book is well pro- 
duced and remarkably low-priced. One 
of its attractions is that most of the 
story can be read in the course of an 
evening. Strongly recommended. 

A. P. Waterson 





A. P. Waterson is Professor of Virology 
at the Royal Postgraduate Medical School, 
London, UK. 
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mate chapter attempts to bring some 
order to the confused state of brachy- 
uran phylogeny. I must personally 
disagree strongly with Glaessner’s 
viewpoint, and emphasise that the . 
affinity of the Raninidae and Tymo- 
linae are with the primitive Brachyura, 
and that of the Oxystomata with the 
other advanced Brachyura. 

There is sufficient background infor- 
mation in this book to make it intelli- 
gible to the non-specialist, and because 
of this it is certainly a useful source of 
facts and ideas for the undergraduate. 
who wishes to seek examples of bio: 


logical theories in action. The ecological = 


diversity, yet basically conservative’ 
morphology, of the Brachyura makes 
them an excellent medium for this pur- 
pose. The book is of more limited use 
to the research worker because of the 
background content and the restricted 
length. Few aspects are dealt with in 
real depth, and the number of refer- 
ences is small in this context. But it is 
the only book on crab biology available 
in English. It is also a readable book, 
and will certainly provide a good 
introduction to the group. 

Richard G. Hartnoll 



















Richard G. Hartnoll is Senior Lecturer in 
Marine Biology at the University of 
Liverpool, UK. a. 
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Ancient 
supernovae 


The Historical Supernovae. By D, H. 
Clark and F. R. Stephenson. Pp.x +233. 
(Pergamon: Oxford and New York, 
1977.) Hardback £8.50: paperback 
£3.95. 





THE history of astronomy is a history 
of man struggling with new ideas and 
painstakingly trying to make accurate 
observations of celestial objects. Ideas 
were easier and their reporting is more 
widespread; flat earths, geocentric 
systems, perfectly smooth and spherical 
moons and planets, crop up in many 
of the contemporary books and manu- 
scripts. Reports of observations are 
rarer and less easy to decipher. Some 
examples are Eratosthenes’s estimation 
of the size of the Earth, the measure- 
ment of the Earth-Moon distance by 
Aristarchus of Samos, and the cata- 
logue of 1,080 stars made by Hippar- 
chus which not only gave the celestial 
latitude and longitude of each star but 
also dived them into six magnitudes 
according to their brightness. 

Legend has it that one of the factors 
that motivated Hipparchus to perform 
this task was the appearance of a nova 
in Scorpio in 134 Bc. Interestingly, two 
of the greatest astronomers of the past 
millenium, Tycho Brahe and Johannes 
Kepler, were also fascinated by the new 
stars which appeared in ap 1572 and 
1604. Novae, supernovae and super- 
novae remnants also seem to have 
fascinated David Clark of the Mullard 
Space Science Laboratory, University 
College, London, and Richard Stephen- 
son of the Institute of Lunar and 
Planetary Sciences, University of New- 
castle upon Tyne, and motivated them 
to write this book: we should be 
thankful they did. Their task was one 
of the more difficult tasks in the study 
of the history of astronomy, the careful 
and painstaking perusal of historical 
records for references to new stars. 

The book is divided into twelve 
chapters. The first sets the scene and 
‘convinces the reader as to the reasons 
why ‘supernovaé are so important. Not 
only are they one of the more spectacu- 
lar of stellar events but also their 
remnants, the ejecta of the explosion, 
are amongst the most unusual and 
exciting astrophysical phenomena. 
Supernovae are thought to be respon- 
sible for pulsars, black holes, runaway 
stars, extended sources of radio emis- 





sion, beautiful expanding nebulous 
objects, - galactic X-ray sources and 


possibly gravitational radiation. About 
one supernova occurs in our galaxy 
every 120 years, the high degree of 
obscuration cutting down the number 
observed from Earth. Luckily, observa- 


tions of supernovae and their remnants 
in other galaxies has increased our 
knowledge of these objects enormously. 


The second chapter reviews the 
historical sources used—Far Eastern 
histories and diaries (remarkably 
detailed records from Chinese pro- 


fessional astronomers/astrologers going 
back to about 200 Bc), Arabic astro- 
logical works, medieval European 
monastic chronicles and post-Renais- 
sance European scientific writings. 
Chapter three considers three types of 
new stars recognised by Far Eastern 
observers—the quest stars, rayed 
stars and sweeping stars, the latter 
two being tail-less and tailed comets. 
It also contains a catalogue of pre- 
telescope novae and supernovae com- 
plete with durations and approximate 
celestial galactic coordinates. Chapter 
four discusses the characteristics of 
supernovae remnants and lists the rem- 


Nature Vol. 269 20 October 1977 


nants within 10kpc of the Sun. 
Chapters 5 to Il present a detailed 
discussion of the new stars of ap 185, 
386, 393, 1006, 1181, 1572 and 1604, 
the prime supernovae candidates. The 
book ends with the authors’ thoughts 
on the evolution of supernova remnants 
and a review of the possible effects a 
nearby supernova would have on the 
Earth and its environment. 

At times, this book tends to exude 
the musty, mothbally smell of a doc- 
toral thesis, an impression that is not 
helped by the fact that the book is 
typed, all 232 camera-ready pages of 
it. It is still, however, a fascinating 
account of these enigmatic early obser- 
vations and is well worth reading. 


David W. Hughes 





Astronomy and Physics at the University 
of Sheffield, UK. 





X-ray 
structural 
analysis 


Structure Determination by X-Ray 
Crystallography. By M. C. F. Ladd and 
R. A. Palmer. Pp. 393. (Plenum: New 
York and London, 1977.) $35.40. 





Tue jacket description claims this book 
to be “an indispensable guide for ad- 
vanced undergraduates and beginning 
postgraduates’, as well as being of 
interest to the large number of workers 
using crystallographic structure deter- 
mination as a research tool. It is the 
first reasonably comprehensive text- 
book on the subject to be published for 
several years, and its emphasis differs 
somewhat from its companions. 

The introductory chapters on crystal 
geometry are extremely thorough; the 
detailed analysis of space groups and 
their symbols, in particular, should pre- 
vent much of the confusion which a 
newcomer to the field experiences on 
first meeting them. The following chap- 
ter describes preliminary examination 
of crystals, and is less satisfactory in 
that it gives considerable space to 
techniques not frequently used (optical 
properties, indexing of oscillation 
photographs) yet only three-and-half 
pages to Weissenberg and precession 
methods, one or both of which is used 
in virtually every structure determina- 
tion. There is, furthermore, no men- 
tion of the determination of crystal 
system and unit cell dimensions from 
Weissenberg photographs. 

Chapter 4 derives structure factor 
equations from first principles: as 
throughout the book, the derivations 


are clearly expressed and attractively 
presented, and the worked examples 
(particular space groups, systematic 
absences) provide considerable illumi- 
nation of the principles involved. 

The detailed methods of X-ray 
structure analysis are introduced gently 
and relatively early via simple (but 
real) examples involving consideration 
only of special positions: it is doubtless 
encouraging to the beginner to see 
‘real’ structure determinations before 
considering more complex topics such 
as Fourier series and Patterson func- 
tions. These are introduced in chapter 
6, again clearly derived and with 
several detailed examples of the appli- 
cation of Patterson methods, leading 
naturally to a discussion of heavy atom 
methods and difference syntheses. 

The major disappointment is the 
relegation of direct methods to a chap- 
ter headed “Some Further Topics”. In 
recent years. many advances have been 
made in the theory and practice of 
direct methods, and yet no material is 
presented which is not in Stout and 
Jensen's X-Ray Structure Determina- 
tion (Macmillan, 1968). Some mention 
should have been made of non- 
centrosymmetric direct methods and 
the MULTAN philosophy, at the very 
least. 

One might disagree with the authors’ 
choice of material and emphasis 
(which they defend in the Preface), but 
one cannot criticise the quality of 
presentation. It must be asked, how- 
ever, whether this book represents any 
substantial advance on other (cheaper) 
books already available on the subject; 
regrettably, it does not. 

P. G. Jones 





P. G. Jones is Lecturer in the University 
Chemical Laboratories, Cambridge, UK. 
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W. W. Bishop 


Dr. WaLTeR WILLIAM Bisuop, Head of 
the Department of Geology at Queen 
Mary College, University of London, 
died suddenly at his home on 
19 February 1977, at the age of 45. 

A native’ son of Birmingham, he 
graduated from the University there in 
1952 with an honours degree in geo- 
graphy followed by a Certificate in 
Education. However, his interests 
turned towards geology and it was in 
this field that he received his Ph.D. 
degree at Birmingham in 1956. He went 
immediately to Africa as geologist with 
the Uganda Geological Survey and, 
through contacts with E. J. Wayland 
and L. S. B. Leakey, became involved 
with studies of Pleistocene deposits and 
the geomorphological evolution of the 
region. 

By 1959 he had demonstrated the 
natural origin of the supposed “Kafuan” 
culture and = provided evidence for 
morphological and tectonic control of 
the events that had led to the erection 
of a rigid climatic framework that now 
seemed insupportable. The fossil-bear- 
ing Miocene sediments also attracted 
his attention and his first African paper 
was a brief account of Miocene mam- 
mals from Napak. Further field work 
in Uganda and Kenya later led him to 
realise the important. genetic relation- 
ships that existed between the Miocene 
fossil deposits and the volcanic cones 
throughout the region. 

Thus. within three years of his 
arrival, was established the pattern of 
his many important contributions on 
the stratigraphy. geomorphology and 
volcanics of the Tertiary and Quater- 
nary in East Africa, as well as his 
fruitful association with archaeologists, 
anthropologists and, palaeontologists 
concerned with mammalian and 
hominoid evolution. 

In 1959 he went to the University of 
Glasgow as Assistant Lecturer in 
Geology and Assistant Curator at the 
Hunterian Museum, but after three 
years returned to East Africa as 
Director of the Uganda Museum in 
Kampala and Lecturer in Geology at 
Makerere College, University of East 
Africa. These years were very pro- 
ductive and Bill Bishop soon became 
“the recognised authority on the Tertiary 
and Quaternary of the region. At the 
Museum he was responsible for several 
new. developments, such as the estab- 
lishment of a Museum Education 


obituary 





Service. He organised a number of 
expeditions, including the Baker Cen- 
tenary Expedition (1963) to study the 
geomorphological evolution of the 
Lake Albert rift valley, which led to 
a new picture of the stratigraphy and 
to important fossil collections from 
the Pliocene-Pleistocene Kaiso Beds. 

The prospect of a teaching position 
tempted him back to London in 1965 
as Lecturer in Geology at Bedford 
College, where Professor Basil King was 
already interested in research on the 
volcanics of the rift valley and directed 
the East Africa Geological Research 
Unit. This unit undertook ‘responsibility 
for systematic geological mapping in 
the Lake Baringo basin, where impor- 
tant sedimentary deposits were found 
sandwiched within a long volcanic 
sequence; these beds provided valuable 
fossil material bridging a former gap 
between the middle Miocene and the 
late Pliocene. Radiometric dating was 
aplied to the entire Miocene succession, 
thus establishing for the first time a 
good chronology for the faunas. 

After moving to Queen Mary 
College in 1974, Professor Bishop con- 
tinued his East African field work, 
partly in association with Richard 
Leakey, but also began work in 
Pakistan where a group from Yale 
University was re-examining the Mio- 
cene-Pliocene Siwalik sediments and 
their critical hominoid fossils. He was 
invited to become Director of the 
Peabody Museum at Yale and his death 
occurred only a few months before he 
was due to take up this appointment. 
Not long before he had been honoured 
by the award of the Prestwich Medal of 
the Geological Society of London in 
recognition of the outstanding contribu- 
tions that had made him “a world 
leader in the very active field of African 
geology.” 

Always a co-operative, enthusiastic 
and helpful person, Bill Bishop was 
deeply involved in local, national and 
international bodies ranging from 
student societies to the Presidency of 
the INQUA Sub-Commission for 
Quaternary Stratigraphy of Africa. He 
served the Geological Society of 
London as a Council member, as its 
Secretary, and as Scientific Editor of 
the Journal. doing a great deal to build 
up both the Society and its publication. 
He was joint organiser of two symposia 
sponsored by the Wenner-Gren Foun- 
dation for Anthropological Research 
and edited the two books that have 


become standard references for the: 
time scale of hominoid evolution: $n 
1975 he organised a highly successful 
three day symposium on a similar 
theme for the Geological Society of 
London, as yet unpublished. : 
Dr Bishop was a lively and attractive 
speaker and was guest lecturer at 
many institutions. At meetings, his tact 
and insight smoothed over potential 
conflicts and his humour was infec- 
tious. His performances in amateur 
dramatics and his admirable voice in 
light opera will long be remembered, 
as well as the witty ditties with which 
he sometimes enlivened scientific meet- 
ings. His death is not only a great. loss 
to science but also a severe personal 
loss to his many friends and colleagues 
throughout the world. His happy family 
life with his wife and two sons did much 
to sustain him in his busy existence and 
his love of natural history remains 
imprinted in them as his science does 
in his students and his colleagues. fs 
H. B. S Cooke 








J. A. V. Butler 


JonN ALFRED VALENTINE BUTLER, 
F.R.S., Emeritus Professor of Physical 
Chemistry at the University of London, 
died on 16th July after a short illness. 

‘LA.V.’, as his friends knew him, was 
born on St. Valentine’s day in 1899. . 
His early education was at Cheltenham. 
Grammar School, and he took his first” 
degree in chemistry at Birmingham 
University. After a short stay at, the 
University College of Swansea he spent 
12 years as a lecturer at the University : 
of Edinburgh. Although he was a 
physical chemist. we know that during 
this period he came into contact with 
Edgar Stedman who, in the late thirties, 
was beginning his work on the com- 
position of the cell nucleus. From the 
few comments we heard J.A.V. make 
about his relationship with Edgar Sted- 
man at that time, we gathered that it 
was not always harmonious. Neverthe- 
less an obvious interest in the chemistry 
of the cell nucleus was planted at that 
time. and was to emerge later. 

In 1939 a Rockefeller fellowship 
took him to the U.S.A. where he also 
served as an executive officer in the 
British Commonwealth Scientific Office 
in Washington. 

In 1946 he returned to England to 
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work at the Courtauld Institute of Bio- 
chemistry in London for three years, 
and in 1949 came to the Chester 
Beatty Research Institute to apply his 
physical chemical knowledge and tech- 
niques to the study of DNA. This 
began an interesting and exciting 17 
years, during which he studied many 
aspects of the chemistry of the com- 
ponents of the cell nucleus. 

It was in 1953 that I first met J.A.V., 
and being a very junior member of the 
technical staff at that time I had little 
to do with him in an official capacity. 
However, within six months he was tell- 
ing me in considerable detail why my 
geraniums were dying, and the need 
for repotting them at frequent inter- 
vals. Although I believe he was basically 
a shy man, he was friendly with all 
members of his staff, and never hesi- 
tated to allow the students a day off 
for the Varsity Rugby match at 
Twickenham. 

He will be remembered also, | am 
sure, by his friends at the Institute, for 
his absent-mindedness. I have seen him 
return from an academic board meeting 
with two hats, one on his head and one 
in his hand, hotly pursued by the right- 
ful owner of the second hat. On 
another occasion, deep in conversation 
with a colleague in a café, he com- 
plained about not receiving any change, 
only to find it in his coffee when he 
stirred it! 

The stories about J.A.V. are legion. 
His lack of pens and pencils, the gun- 
fight he caused in Chicago by losing his 
brief-case, and his very, very long 
pauses on the telephone before he 
answered “Butler here”, He was in all 
ways the epitome of the “absent-minded 
professor”. 

We will also remember well his 
method of crossing the Fulham Road. 
Head down, deep in thought, shoulders 
slightly bent, straight across, ignoring 
all traffic. A screech of car brakes was 
often the sign that J.A.V. was cross- 
ing the road. 

He was however, clear and precise 
about his research. Although he began 
by applying his knowledge of physical 
chemistry to the structure of DNA, he 
soon became interested in the wider 
aspects of DNA control and his 
interests lead him into the fields of 
DNA synthesis, RNA synthesis and the 
functions of the chromosomal proteins. 
This was, of course, in the fifties when 
molecular biology was in its infancy, 
and most people chose to forget that 
DNA was associated with an equal 
amount of protein. 

He felt that the best strategic 
approach to the cancer problem was to 
understand the fundamental aspects of 
gene control and he directed his depart- 
ment to this end. However, he was 
keenly aware that this was a long term 


approach and once confided to me that 
he was sad we could do so little of 
immediate value. 

Apart from his work within the Insti- 
tute, his scientific interests were wide 
and varied. He edited Progress in Bio- 
physics and Molecular Biology tor over 
25 years and his publications, apart 
from his research work, varied 
from a text book on chemical thermo- 
dynamics to a very successful series of 
books, written for the layman, on 
various aspects of cell and molecular 
biology. 

He was appointed to the newly- 
established chair of Physical Chemistry 
at the Institute in 1952, and was elected 
a Fellow of the Royal Society in 1956. 

After his retirement in 1966 he still 
took an active interest in the work and 
was often to be seen at scientific meet- 
ings. He frequently called in to see us 
and to hear about the latest work. His 
last visit was early this year, when true 
to form he left his brief-case in my 
room, fortunately remembering it 
before he left the building. 

He was widely read, keenly inter- 
ested in the arts and an amateur 
painter of some merit. 

He married Margaret Lois Hope in 
1929, and as all his friends who visited 
his home knew well. he had a very 
happy and contented domestic life, His 
three children, two sons and one 
daughter, all followed his lead and 
have made careers in various other 
scientific disciplines. E. W. Johns 





F. H. Ludlam 


F. H. Luptam, Professor of Meteoro- 
logy and Head of the Atmospheric 
Physics Group at Imperial College, 
London, died on 3 June 1977 aged 57 
years. Frank Ludlam studied clouds. 
His descriptions of the movement of 
air and water vapour and rain through 
clouds were so intense and graphic that 
one began to suspect that he had some 
supernatural power to actually identify 
himself with a cloud. 

He saw so much. He would come 
into a lecture with perhaps 20 slides 
then spend all his time talking about 
the first. frequently drawing back 
from removing it because some new 
feature had just caught his attention. 

Having made fundamental contribu- 
tions to the microphysics of clouds 
during the 1940’s while working at the 
Meteorological Office, he moved to 
Imperial College and away from the 
study of the details of processes to- 
wards the study of the organisation 
and dynamical structure of clouds. This 
philosophy culminated in his now 
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classical description of the motion of 
alr in severe thunderstorms. Like all 
grand ideas this one could, in retro- 
spect, have been seen coming for years, 
but Ludlam had it. He discarded what 
he called ‘the haystack theories’ of 
storms. These were illustrated by dia- 
grams, and thinking, with arrows all 
over the place. He replaced it by a 
streamline theory showing where the 
air and water came from and where it 
went to. He took a certain delight in 
the fact that, working on a tiny budget, 
he made a very satisfying advance in 
a subject of great economic importance. 

Subsequently his interest shifted pro- 
gressively to phenomena of larger scale. 
For his inaugural lecture in 1966 he 
showed that weather systems could be 
seen in a new perspective by examining 
them relative to axes moving with the 
system: again almost identifying him- 
self with the phenomenon. This was 
his way of using the abstract concepts 
of pattern movement as distinct from 
pattern development developed by his 
penetrating contemporary, Eady. But 
whereas Eady’s concepts were based on 
distinction of mechanism and arose 
from mathematical elegance and 
clarity, Ludlam made them lead to 
pictorial and functional beauty. 

No man showed better the false dis- 
tinction between artist and scientist. 
To him good science made a pleasing 
picture. He delighted in the impish 
gesture. Few present at a lecture to the 
Royal Meteorological Society (on three- 
dimensional data analysis) will forget 
the impact made when he projected a 
slide of a Rodin nude (very female) in 
the middle of a masterly description of 
the techniques of synoptic analysis. 

In his magnum opus entitled Cloud 
Physics to be published by the Pennsyl- 
vania State University Press, he sum- 
marises his views on atmospheric 
phenomena from a few microns in 
scale to 40,000 km. He was concerned 
with the notion that conventional phy- 
sicists, wedded to the controlled experi- 
ment, did not understand the essence 
of meteorology as he saw it. What he 
did see was an immensely elaborate 
system with complex feedback. The 
essence was the feedback and the un- 
controllability of the meteorological 
experiment. He was the privileged on- 
looker. He even took lightly some of 
his beautiful and fundamental work on 
cloud microphysics and said it did not 
really matter if it were wrong: the 
atmosphere would find some way of ful- 
filling a more over-riding purpose 
whatever the details of the processes. 

Such an integrating philosophy is 
likely to be fundamental for the study 
of complex systems like the atmosphere 
and we are privileged to have had so 
talented an exponent of it. 


John Green 
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what’s new-spectrometers 





In addition to the regular Newly on 
the Market section in Nature, special 
features on a particular type of labora- 
tory equipment or instrumentation will 
be published in this and forthcoming 
issues. 

The purpose of a special feature is 
not to give listings of every item in 
the range of the manufacturers men- 
tioned but to take a variety of equip- 
ment of interest in that feature area 
and give an idea of what kinds of 
instruments are available and from 
whom. There is a Reader Enquiry 
Coupon facing the inside back page. 


Anaspec introduce a completely new 
type of microspectrophotometer, which 
will record absorption, emission, scat- 
tered or fluorescence spectra of any 
object capable of being viewed in a 
microscope. This revolutionary system 
is a miniaturised double monochro- 
mator spectrophotometer, that can be 
attached to a standard trinocular 
microscope, such that the only limit to 
sample size is the actual microscope 
image magnificating. The system is 
manufactured in the U.S.A. by Nano- 
metrics Inc. and consists of a number 
of separate modules which can be pur- 
chased separately, according to need or 
application. These modules include 
microscope, spectrophotometer, wave 
length programme, recorder and a 
micro computer for more complex 
analysis. Applications include almost 
every area of life sciences, micro- 
biology, geology, forensic science, che- 
mistry and electronics. For example, 
the system can measure the absorption 
spectrum of a single chromophore in 
a cell, or in forensic studies can plot a 
spectrum from a part of a single fibre. 
In addition the system is ideally suited 


to measuring semi-conductor film 
thickness in an area as small as 
0.001 mm. 


Although NanoSpec/10 is designed 
primarily for micro work, it also 
has application to large area analysis 
on the same specimen, in situ, where 
before-and-after differences over a 
wavelength range caused by chemical 
change, migration, photosynthesis, 
chromatography or other effects can 
be computed and recorded. This is not 
possible with conventional instruments. 
Any specimen which can fit onto the 


microscope stage can be studied in this 
manner. 

Circle No. 45 on Reader Enquiry Card 
Kevex present several new systems. 
The nuclear fuel analyser is a way of 
achieving rapid, non-destructive and 
automatic elemental analysis of re- 
actor fuel elements with a new com- 
puterised X-ray energy spectrometer 
(XES) system. Two solid state silicon 
detectors are multiplexed to double the 
spectrometer’s count rate capability. 
100%, element certification is achieved 
on the order of 10s per nuclear fuel 
pellet. The system is completely auto- 
matic with the computer selecting and 
controlling: X-ray tube voltage and 
current, secondary targets and filters, 
specimen transport, acquire and ana- 
lyse data and sample advance. Other 
applications include: effluent analysis, 
pollution analysis and accurate ac- 
countability of special nuclear ma- 
terials. Little or no sample preparation 
is required. The system can be em- 
ployed as a materials monitor in res- 
ponse to the challenge posed by nuclear 
proliferation. The Ultra-Trace has the 





Kevex Alpha-X system 


unique ability to analyse many ultra- 
trace elements simultaneously, non- 
destructively and rapidly. The mini- 
mum detection limits for elements of 
atomic number 23 through 92 are on 
the order of 50-100 pg. Minimum de- 
tection limits for elements of atomic 
number 9 through 22 are somewhat 
higher. Ultra-Trace uses new and 
advanced X-ray energy spectrometry 


technology. This new product will pro- 
vide process control chemists, the phar- 
maceutical industry and medical re- 
searchers with high speed, high dy- 
namic range analytical capabilities. 
Quantitative element analysis of thin 
films and surface layers (e.g., oxides) 
are achi¢ved with a new product and 
a new surface analysis technique. A 
new product is the Kevex Alpha-X, 
and the new surface analysis technique 
uses 5-MeV a particle induced X-ray 
emissions. Windowless detector-cryo- 
stats and radioisotope source-collimator 
subsystems are combined to yield here- 
tofore unprecedented analytical per- 
formance. Rapid non-destructive quan- 
titative analysis of elements of atomic 
number 6 (carbon) and up of surface 
layers are now possible using the Kevex 
Alpha-X. For example, carbon and 
oxide layers of less than 15A can be 
detected. Alpha-X spectrometers ap- 
pear in two configurations: (1) in- 
tegrated stand-alone systems and (2) 
attachment or accessory surface ana- 
lysers. The accessory version of Alpha- 
X may be attached to existing Auger/ 
ESCA type surface analysis chambers 
to yield complementary information. 
The stand-alone system is capable of 
both surface and bulk material 
analysis. 

Circle No. 46 on Reader Enquiry Card 


Instrumentation Laboratory (UK) Ltd 
introduces the IL 751 dual-channel 
double-beam atomic absorption spectro- 
photometer with built-in microcom- 
puter. The new IL 751 Atomic 
Absorption Spectrophotometer is a 
dual-channel double-beam instrument 
which includes a microcomputer to 
make all the required computations, 
Each channel contains a full-size 330- 
mm monochromator, and both 
channels can operate with deuterium 
arc background correction. The two- 
channel system can produce great im- 
provements in atomic absorption analy- 
sis, when used in either of its two main 
modes: (1) Doubled analytical speed. 
The IL 751 can analyse samples for 
two elements at one time. Conventional 
instruments can only determine one 
element at a time. (2) Greatly improved 
analytical accuracy and simplified 
sample preparation. In the internal 
standard mode, the absorbance of the 
element being determined is compared 
to that of an element having a known 
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concentration. This technique over- 
comes many matrix effects, such as 
sample viscosity or solution tempera- 
ture, and minimises the effects of 
errors in pipetting or dilution. The IL 
751 includes a microcomputer which 
performs all the calculations that are 
useful for atomic absorption data 
handling. Among these are linearisa- 
tion of the analytical curves in both 
channels, using two, three, four, or 
five standards; readout in concentra- 
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IL (UK) Ltd 751 

tion in single-channel, dual-channel, or 
internal standard modes; peak height 
and peak area measurements; and pro- 
vision of statistics including the mean, 
standard deviation, and RSD values. 
There are two special features: one is 
a keyboard-lock mode, which secures 
a program from disruption by an un- 
skilled operator or curious passer-by 
The other is a standby mode, in which 
the computer retains its calibration 
program even when the instrument is 
switched off. The IL 751 also contains 
a built-in alpha-numeric printer- 
sequencer, which identifies the results 
in addition to printing them out. 

Circle No. 47 on Reader Enquiry Card 


Techmation announce a new plasma 
emission spectrometer. A new single 
element plasma emission spectrometer, 
Spectraspan 1V, will be available at a 
price normally associated with atomic 
absorption units. The highly versatile 
Spectraspan IV, developed by SMI, 
can perform quantitative and quali- 
tative analyses of trace concentrations 
including refractories and some non- 
metals. It has a high sensitivity even 
in the presence of complex matrix 
solutions with solids contents as high 
as 20%. The high intensity excitation 
source is a d.c. argon plasma which 
operates at low power but produces 
temperatures as high as 10,000 K. As 
with the Spectraspan IHI Multi-element 
analyser, an integral microprocessor 
not only increases the efficiency of the 
system but allows routine checks of 
instrument performance. Plasma emis- 
sion spectrometry has applications to a 
wide variety of environmental samples 
of unknown or varying composition: 
including trace elements in storm drain 
outfalls, sewage, sediments, soil, animal 
tissue, oil, plastics, sea water (including 


measurements of mercury concentra- 
tion as low as 0.15 p.p.b.), distilled 
water, brackish water, waste from 
plating baths, trace metal impuriiies in 
alloys and total phosphorus in storm 
drains. 

Circle No. 48 on Reader Enquiry Card 


announces the first 
UV-VIS-NUR 


Perkin-Elmer 
microcomputer-based 
spectrophotometer. Designed to meet 
the highest possible standards, the 
Model 340 offers three important bene- 
fits to the user. The first is ease of 
fits to the user. The first is ease of oper- 
ation, the second is high performance 
enabling highly accurate photometric 
determinations and the third is versa- 
tility in sample handling, obtained 
through convenient instrumental oper- 
ating conditions and well designed 
accessories. The heart of the Model 
340 is a microprocessor which monitors 
all instrumental functions. It controls 
source and filter changes, the stepper 
motor monochromator drive, the in- 
tegral X-Y recorder, zero and 100%T 
calibrations, response times, auto zero 
and automatic baseline correction, etc. 
Covering the range 190-260 nm with a 
resolution of 0.15 nm, the Model 340’s 
double monochromator reduces stray 
light to 0.0002%T at 300nm; the 
microprocessor enables a baseline flat- 
ness of +0.001A in the UV/VIS region 
and 0.002A in the NIR region, to be 
achieved. A wide variety of sample 
handling accessories are available. The 
Model 340 can be equipped with long 
path cell holders, thermostatted cell 
holders and flow-cells. A complete line 
of integrating spheres enable precise 
measurements on solid and turbid 
samples over the entire wavelength 
range. A new addition to the 97 Series 
of IR Spectrophotometers, the Model 
597. has been designed to meet the 





Perkin-Elmer Model 373 


growing need for instrumentation pro- 
viding reliability, accuracy, versatility 
and simplicity of operation at a 
moderate cost. A high energy double 
beam optical null spectrophotometer, 
the Model 597 features an extended 
wavelength range of 4000cm'' to 
200 cm`'. Four scan speeds are offered, 
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three slit programmes and a time drive 
facility allowing transmission changes 
with time to be recorded on the instru- 
ments own Flowchart recorder. It is 
compatible with Perkin-Elmer’s new 
Infrared Multisampler which allows up 
ty thirty samples to be run completely 
automatically, For analyses in the 
region 250 cm™' to 200 cm ', where dry 
air or nitrogen purging is recom- 
mended. the sample compartment has 
been fitted with a sliding lid. The 
unique check gain control allows the 
gain to be accurately and reproducibly 
set, even when the lid is closed and a 
samples is in the beam. 





Perkin-Elmer Model 597 


The double beam, UV-Vis Spectro- 
photometer, the Model 556, is ideally 
suited for applications involving turbid 
samples, mixture analysis and many 
other biochemical and industrial appli- 
cations, Two separate diffraction grat- 
ing monochromators, with independent 
selection of wavelength, produce the 
sample and reference beams which pass 
along identical paths through the 
sample cell. To record the spectrum of 
a turbid sample where no reference 
solution exists, one monochromator 
can be fixed and the other set to scan. 
Alternatively, the two monochromators 
can be fixed a few nanometers apart 
and both scanned together to record 
the first derivative of a spectrum. A 
simple push buttom action converts to 
double beam operation with both 
sample and reference beams taken from 
one monochromator. Regular differ- 
ence spectra can then be recorded with 
a performance level equal to many 
dedicated double-beam instruments. 
The instrument's XY recorder provides 
recording of the complete spectra on 
precalibrated chart paper, and allows 
step-wise expansion and concentration. 
Charts are conveniently stored on a 
pull-out roll; automatic pen lift and 
scan synchronisation are provided. 
Superimposed repetitive scanning is 
possible between pre-set limits using 
controls that read out directly in wave- 
length. Spectra can be recorded at 


eight scan speeds (up to 1,200mm 
min™') with automatic selection in 
reverse. 


Circle No. 49 on Reader Enquiry Card 
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The Schoeffel Instrument Corporation 
introduces a new Universal High Sen- 
sitivity Spectrophotometer, HS 870, 
which accepts both microliter and milli- 
liter type cuvettes to enable the 
researcher the option of using the in- 
strument as a continuously variable 
wavelength monitor for HPLC or to do 
standard spectrophotometric analysis. 
This two-in-one concept saves the ex- 
perimenter both money and valuable 
space. This HS 870 uses a true double- 
beam approach which assures a 
superior signal-to-noise ratio and maxi- 
mum stability. The unit features a 
digital data display as well as three 
switchable modes of operation per- 
mitting measurement of transmission, 
absorbance, and concentration. An 
automatic gain control (over two 
orders of magnitude) and a zero sup- 
pression (total range greater than 2 
A.U. or 120%T) are standard. A 
BCD output for computer interfacing 
is optionally available. The in- 
corporated continuously variable mono- 
chromator with wide wavelength range 
(190-700 nm) enables the user to 
select the maximum absorbance of the 
compound of interest. This unit is 
modular in design with an emphasis on 
practicality. 

Circle No. 50 on Reader Enquiry Card 


Varian announce a new, moderately 
priced ultraviolet-visible snectrophoto- 
meter, featuring a double-pass mono- 
chromator and exceptional photometric 
linearity. The Varian Cary Model 219 
UV-Visible Snectrophotometer has a 
resolution of less than 0.07 nm and a 
stray light characteristic of less than 
0.002% at 220 nm. Photometric linear- 
ity is 0.0016 at 1A to 0.03 at 3.0A. 
Ease of operation is enhanced by the 
instrument’s wavelength coupled re- 
corder, automatic 0%T setting, auto- 
matic source changing, automatic 
baseline correction and automatic re- 
petitive scanning over the entire 185 


875nm_ wavelength range. Other 
features are a five-digit absorbance 
readout for high-precision measure- 


ments, expanded recorder ranges for 
instrument versatility and a large 
sample compartment preplanned for 
current or future accessory additions. 
Modes of operation include single 
beam far wavelength accuracy checks 
and double beam for normal absorp- 
tiometric applications. Either auto-slit 
(constant noise) or auto gain (constant 
resolution) can be selected when oper- 
ating in the double beam mode. A 
beam interchange control on the front 
panel electrically reverses the function 
of the sample and reference beams. 

Circle No. 51 on Reader Enquiry Card 


Philips present a variety of spectro- 
meters and ancillary equipment. The 
PW 1600 is a simultaneous X-ray 
spectrometer fitted with a 12-position 
sample changer and fast printer. This 
versatile system—which permits the 
analysis of up to 28 elements in under 


a minute—is designed to meet the 
demand for high volume quality 
control analyses in the metal, 


mining, cement and similar industries. 
There is a new 3kW X-ray generator— 
the PW 1730—together with vertical 
and horizontal goniometers, a table- 
top X-ray generator, two Debye 
Scherrer cameras with advanced safety 
features, a radiation alarm monitor 
specially suitable for monitoring ‘soft’ 
X-rays and the latest generation of 
Philips X-ray tubes. The PW 1730, 
can be used for single tube and 





Philips PW 1730 system 


two tube sequential or simultaneous 


operation. High voltage is variable 
between 20 and 60kV and tube 
current between 10 and 80mA. 
Stability of kV and mA is 0.002% 
per 1% mains voltage variation and 
temperature drift is 0.002‘, per 1°C 
ambient. Maximum output power 1s 


3 kW. To save space and cost the X-ray 
programming and control electronics 
can be housed in the generator cabinet. 
Where additional modules are required 
—such as in highly automated systems 

these can be housed in the optional 


PW 1735 Extension Console which 
also includes provision to mount a 
second X-ray diffration tube tower. 


With the many options offered, the 
PW 1730 can be easily upgraded as 
needs change and larger systems are 
required. For example, a simultaneous 
control unit allows two X-ray diffrac- 
tion tubes or one X-ray diffration and 
one X-ray spectrometry tube to be 
used simultaneously. A high voltage 
switch enables two X-ray tubes to be 
used sequentially. These accessories 
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eliminate the need for a second 
generator in many _  applications—a 
very significant cost saving. High volt- 
age, filament supplies, safety devices 
and cooling water are all automatically 
controlled for both tubes when either 
a high voltage switch or the simul- 
taneous control unit is fitted. An 
additional overload protection unit is 
also available to protect tube(s) and 
generator during single or two tube 
sequential or simultaneous operation. 
The PV 8350 emission spectrometer is 
a direct reading vacuum spectrometer 
providing fast quantitative measure- 
ments at a cost that makes it a practical 
quality control tool for even relatively 
small steelworks and foundries. Typi- 
cally it determines up to 20 elements 
simultaneously, including carbon, 
sulphur, phosphorus and boron. The 
EXAM 6 energy-dispersive X-ray 
fluorescence system is for simultaneous 
elemental analysis in such fields as 
metallurgy, ceramics, cement, food and 
forensic studies. 

Circle No. 52 on Reader Enquiry Card 


Glen Creston Instruments Ltd present 
the Spex Fluorolog Spectrofluorometer 
and the Ramalog 5M/6M Laser 
Raman Spectrometers. In addition to 
the standard emission and ratio emis- 
sion measurement, it is possible to 
measure transmittance, absorbance and 
partial fluorescence efficiency without 
changing the configuration of the 
Fluorolog. In the ratio emission (or 
emittance) mode, excitation spectra 
are corrected automatically by the 
reference detector. Emission and 
higher order corrections are possible 
with the computerised counterpart of 
the instrument. This incorporates the 
necessary computer and software. A 
phosphorimetry attachment is available 
as well as many other accessories such 
as sample heater/cooler, variable 
temperature accessory and polarisation 
kit. The Spex Fluorolog and its com- 
puterised counterpart, the Fluorocomp, 
are new research systems and any type 
of luminescence can be measured by 
the Fluorolog. Its modularity enables 
change of the source, the detector, the 
sample compartment, the electronics 
and the optics. So modified, the syster 
can handle almost any luminescen/ 
measurement, at any temperature, A 
any atmosphere. in a magnetic fid- 
and under experimental condit®S 
dictated by the effect sought. A lt 
ised detection system of photon cant- 
ing is one of the Fluorolog feature 81V- 
ing numerous advantages accruefrom 
counting the actual photons impens 
on the PMT cathode instead of seasur 
ing the resulting direct current inclu 
ing a significantly improved sgnal 
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noise ratio. Either a 150 or 450W 
xenon arc can be plugged in. Normally 
operated cw, the lamp can be pulsed 
with a special phosphorimetry attach- 
ment; then the pulse rate can be 
varied up to 60 Hz and the sampling 
time from 1 ws to 10 ms. To maintain 
focus on a sample regardless of the exci- 
tation wavelength, and to assure maxi- 
mum collection of light from the lamp, 
a large, off-axis ellipsoidal mirror was 
selected. The Fluorolog has been 
designed so that it can operate with a 
computer controlling both wavelength 
scanning and data gathering. A system 
incorporating the necessary computer 
and software is the Fluorocomp. This 
system not only acts as a data collec- 
tion device, but also makes decisions in 
real time to change such parameters 
as integration time, scaling, and signal- 
to-noise (total number of photon 
counts). Subroutines already developed 
or being written include: repeat scan- 
ning of emission or excitation spectra; 
storage and retrieval of data in a floppy 
disc mass storage system: The Ramalog 
5M/6M Laser Raman Spectrometers 
are the latest Spex laser Raman systems 
available. 

Circle No. 53 on Reader Enquiry Card 


Oriel introduce a CO, laser spectrum 
analyser which is a unique grating 
spectroscope simultaneously display- 
ing all the lasing transitions of a 
CO: laser. It is calibrated both 
in wavelength and rotational line 
designation to permit easy identifica- 
tion of 140 possible laser transitions 
between 9.1 and 11.34m. These 
transitions are visually displayed 
through the use of an ultraviolet ex- 
cited thermal sensitive screen which 
darkens in the area struck by the IR 
laser beam. The screen has a response 
time of 0.25s and permits the instru- 
ment to resolve all the CO, rotational 
lines. The model 16 series is light, 
portable and can easily be introduced 
into laboratory setups. 

Circle No. 54 on Reader Enquiry Card 


Pye Unicam Ltd present a wide variety 
of spectrometers and associated equip- 
ment. The PW 1600 simultaneous 
X-ray spectrometer is a new multi- 
thannel X-ray spectrometer where the 
otal time for analysis of low or high 
loy steel is 20s, inclusive of loading 
“the sample via the air lock and 
lusive print-out of the results 
Hh accuracy is obtained through an 
trated computer with advanced 
Softare that enables the user to take 
full dvantage of the recent achieve- 
ment. in the field of inter-element 
Corredons. For this purpose tables of 
influene coefficients can be supplied 
with th instrument to suit the user’s 


requirements. In this way the calibra- 
tion of such instruments to analyse 
samples with a wide range of com- 
positions has become a matter taking 
only one or two days and 6 to 30 
standards. In the past such wide range 
calibration programs have sometimes 
required several weeks of work and up 
to 200 standards, The instrument has 
a high stability as is required for 
routine operation with a minimum of 
recalibration time needed. A compen- 
sation has only to be made for long 
term drift and this is done once every 
8 hs. The drift correction is made for 
each individual analysing channel by 


means of a multi-element monitor 
situated in the 10-position sample 
turret in the spectrometer. The cor- 


rection is on operator’s command and 
is computer controlled. A combination 
of curved and flat crystals together 
with a new ground cathode end window 
X-ray tube and advanced measuring 
electronics gives the PW 1600 ex- 
tremely short analysis times with high 
spectral resolution. The PV8350 direct 
reading emission spectrometer provides 
rapid analyses at relatively low cost. 
The concentrations of up to 20 
elements, including carbon, sulphur 
and phosphorus, can be determined 
simultaneously in materials such as 
steel, iron, non-ferrous alloys, etc. The 
instrument is designed to respond 
reliably to the needs of foundries and 
steel plants for continuous production 
control analyses. Outstanding analytical 
performance and stability are achieved 





Pye Unicam SP1050 


by a combination of advanced optical 
and electronic design. The high resolv- 
ing power, blazed grating optics of one 
metre radius cover the wavelength 
range 1,770A to 4,100A in the first 
order at a reciprocal dispersion of 
4.63 A mm™'. The instrument’s 50 Hz 
monoalternance source unit generates 
a special type of discharge of improved 
reproducibility. Modular electronics 
and freedom to choose the most 
appropriate measurement lines in each 
case, enable a PV8350 spectrometer to 
be tailor-made to match individual 
analytical requirements. Running 
under automatic control of a number 
of preselected programmes, the system 
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is simple to operate, and its excitation 
stand accommodates samples of a wide 
range of dimensions. The electronics 
can provide an automatic printout of 
the measured intensity values by a 
digital printer. There are alternative 
electronics for teletype printout and 
adaptation to a computer controlled 


emission spectrometer with direct 
readout in concentration. Other 
modules which can be incorporatec 


within the standard spectrometer unit 
include a source unit operating at 
500 Hz and offering the ultimate in 
analysis speed. Infrared spectrometers 
are being used in every type of indus- 
trial and scientific environment. The 
vast majority of applications require a 
fast, robust instrument combining flexi- 
bility, high performance and simplicity 
of use. All of these qualities can be 
found in a newly developed Double 
Beam infrared Spectrophotometer, 
the SP1050. The SP1050 has a linear 
wavenumber scale of 600-4,000 cm", 
nichrome strip source, double beam 
optics and grating monochromator. It 
has solid state electronic systems and 
an integral strip chart recorder. The 
reliability and sensitivity of the com- 
pany’s IR50 Infrared Detector is now 
well proven and this successful detector 
has been incorporated into the design 
of the SP1050. 


Circle No. 55 on Reader Enquiry Card 


Zeiss introduces the new DM 4 
Double-Beam Spectrophotometer. The 
Zeiss DM 4 is the latest addition to 
the Zeiss line of spectrophotometers 
that meets practically all requirements 
in absorption spectrophotometry for 
the ultra violet, visible and near infra- 
red regions. This makes it a very 
efficient instrument in any analytical 
laboratory, for research in the material 
and life sciences, as well as for routine 
analyses wherever accurate and repro- 
ducible results are required. The great 
advantage of the DM 4 is that it 1s 
equally convenient to operate for 
rapid routine concentration analysis 
and kinetics as it is when it’s used as 
a scanning ratio recording instrument 
for qualitative determinations. An 
exceptionally large and readily accesible 
sample compartment contains a 6- 
position sample changer which can be 
automated. Among its many features 
are automatic lamp switch-over, fool- 
proof push-button operation, precision 
Zeiss grating monochromator, and 
unique wave-length scan. The DM 4 
has a spectral range from 195 to 
850nm, an absorbance range from 
—0.3 to 2.5 A, a concentration range 
from 0 to 10,000. It requires no more 
than 0.3ml sample volume. Digital 
and analog outputs are provided. 

Circle No. 56 on Reader Enquiry Card 
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announcements 





Appointments 


Professor S. T. Butler, to Head of 
the Nuclear Science and Technology 
Branch in the Australian Atomic 
Energy Commission, in charge of the 
AAEC Research. Establishment at 
Lucas Heights, near Sydney. 


Dame Kathleen Ollerenshaw, DBE, 
to succeed His Royal Highness The 
Duke of Edinburgh, KG, KT, as 
President of the Institute of Mathe- 
matics and its Applications on i 
January 1978. She is currently a Vice- 
President. 


Dr A. E. Stuart, to Professor of Path- 
ology, University of Newcastle-upon- 
Tyne, from 1} January 1978, and also 
as Head of the Department of Path- 
ology for a period of five years from 
1 January 1978. Dr Stuart succeeds 
Professor A. G. Heppleston. 


Awards 


The Dr W. Elenbaas prize for 1977 has 
been awarded to the British chemist 
A. H. McKeag, in recognition of 
his work in the field of luminescent 
materials. 


Two Technology Writers’ Awards, 
sponsored by ITT Business Systems 
under the auspices of the Association 
of British Science Writers, will be 
awarded for work published between 
1 January and 31 December 1977. One 
will be for work published in pro- 
fessional periodicals, trade and tech- 
nical magazines, or national and 
regional newspapers, the other for 
material broadcast on radio or tele- 
vision. Both prizes will be £1,000 cash 
and £500 for travel or equipment. All 
entries are by submission (to J, Anstiss, 
MPR Ltd, 293 Gray’s-Inn Road, Lon- 
don WCI, UK), and it is hoped to 
announce the winners in February 1978. 


Meetings 


24-26 October, ASTM Symposium on 
Erosion: Prevention and Useful Appli- 
cations, Vail, Colorado (L. E. Burgess, 
ASTM, 1916 Race Street, Philadelphia, 
Pennsylvania 19103). 


28 November~1 December, Inter- 
national Conference on Optimisation 
of Sedium-cooled Fast Reactors, Lon- 
don (British Nuclear Energy Society, 
1-7 Great George Street, London 
SW1, UK). 


29-30 November, International Con- 


ference on the Future of Natural 
Fibres, Manchester (J. K. Jackson, 
Shirley Institute, Didsbury, Man- 


chester, UK). 


30 November—2 December, Conference 
on New Developments in Automatic 
Testing, Brighton (The Institution of 
Electrical Engineers, Savoy Place, 
London, UK). 


Person to Person 
Exchange 2-bedroom furnished 
house in La Jolla, California, for 
flat in London, July-September 
1978 to September 1979. Contact 
M, Friedkin, University of Cali- 
fornia San Diego, M-001, La Jolla, 
California, 92093. 

Exchange 3-bedroom furnished 
house in San Francisco near UC 
Medical Center for similar in or 
near Central London for one year 
from July 1978. Contact H. E. 


Varmus, 956 Ashbury Street, San 
Francisco, California 94117. 

Observations welcome from recent 
work in the field of increasing crop 
yields using an electrostatic field. 


The last reference I have, after 
Professor Lemstrom (1904), and Sir 
Oliver Lodge, is J. E. Newman, who 
conducted trials near Pershore, 
England, and reported increases in 
wheat yields of up to 20%, and also 
potato yield increases in experi- 
ments in Dumfries. (See Standard 
Handbook for Electrical Engineers, 
5th edn, McGraw Hill). The work 
ceased about 1917. Contact A. F. 
Stobart, Manor Farm, Claydon, 
Banbury, Oxford, UK. 


There will be no charge for this service. 
Send items (not mere than 60 words) to 
Marcus Dobbs at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries. We reserve the right to decline 
material submitted. No commercial trans- 
actions. 





3 December, Public Educational 
Forum, ‘The Recombinant DNA 
Controversy: Public Policy at the 


Frontier of Knowledge’, San Francisco 
(J. Stubbs, Chair, Department of Cell 
and Molecular Biology, San Francisco 
State University, 1600 Holloway 
Avenue, San Francisco, California 
94132). 


5-7 December, International Sympo- 
sium on Mechanisms of Oxidising 
Enzymes, La Paz, Mexico (Professor 
R. N. Ondarza, Consejo Nacional de 
Ciencia y Tecnologia Insurgentes Sur 
1677—10° Piso, Mexico 20, DF Mexico). 
5-9 December, 1977 Fall Meeting of 
the American Geophysical Union, San 
Francisco (Meetings, AGU, 1909 K 
Street, NW, Washington, DC 20006, 
USA). 

5-9 December, International Con- 
ference on Radiation Measurement, 
Atlanta (J. H. Kane, Special Assistant 
for Conferences, Energy Research and 
Development Administration, Washing- 
ton, DC 20542), 

6-8 December, Symposium on Applica- 
tions of Electroanalytical Sensors, 
London (Sira Institute Ltd, South Hill, 
Chislehurst, Kent, UK). , 

9 December, 21st Meeting of the Pep- 
tide and Protein Group of thè 
Chemical and Biochemical Societies, 
London (Group Secretary, The Dyson 
Perrins Laboratory, South Parks Road, 
Oxford, UK). 


12-14 December, International Confer- a 


ence on the Monitoring of Hazardous 
Gases in the Working Environment, 
London (The Chemical Society, Bur- 
lington House, Piccadilly, London W1, 
UK). 

12-15 December, Conference on Con- 
servation, Management and Develop- 


ment of Recreational Freshwater 
Fisheries, Oxford (Water Research 
Centre, Medmenham Laboratory, 


Henley Road, Medmenham, PO Box 
16, Marlow, Bucks, UK). 

13-14 December, Symposium on Etec 
trocryltstallisation, Nucleation and Phase 
Formation, Southampton (Faraday 
Division, The Chemical Society, Bur- 
lington House, Piccadilly, London W1, 
UK). 

14 December, Ion Sputtering and Depth 
Profiling in Surface Analysis, London 
(institute of Physics, 47 Belgrave 
Square, London SW1, UK). 

20-21 December, Symposium of the 
Nucleotide Group, Chemical and Bio- 
chemical Societies, on Nucleoside. and 
Polynucleotide Synthesis and Structure, 
Birmingham, UK (Please send addres- 
sed envelope (stamped if from UK) to 
Dr R. T. Walker, Chemistry Depart- 
ment, Birmingham University, PO Box 
363, Birmingham, UK). 

20-22 December, Cell Motility, Lon- 
don (M. E. J. Holwill, Department of 
Physics, Queen Elizabeth College, 
London W8, UK). 
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Meetings 1978 
3-7 January, International Astro- 


nomical Union Colloquium on Proto- 
stars and Planets, Tucson (T. Gehrels, 
Lunar and Planetary Laboratory, Uni- 
versity of Arizona, Tucson, Arizona 
85721). 

4-5 January, Fishfarming and Wastes, 
London (Society of Chemical Industry, 
Water and Environment Group, 135 
New London Road, Chelmsford, UK). 
4-6 January, 15th Annual Solid State 
Physics Conference, Coventry (The 
Meetings Officer, The Institute of 
Physics, 47 Belgrave Square, London 
SWI, UK). 

24 January, Acute and Chronic Effects 
of Radiation on Man, London (Pro- 
fessor J. H. Martin, Department of 
Medical Biophysics, Blackness Labora- 
tory, University of Dundee, Dundee, 
UK). 

25-27 January, Conference on Muscu- 
lar Dystrophy and Other Inherited 
Diseases of Skeletal Muscle in 
Animals, New York (Conference De- 
partment, The New York Academy of 
Sciences, 2 East 63rd Street, New York, 
NY 10021). 

26 January, Symposium on Internal 
Corrosion of Water Systems, London 
(Department of Industry, Committee 
on Corrosion Secretariat, Room 540, 
Abell House, John Islip Street, London 
SWI, UB). 


23-26 February, Asian Congress of 


Parasitology, Bombay (D. M. Rena- 
purkar, Secretary General, Asian 
Congress of Parasitology, Haffkine 


Institute, Bombay, India). 

27 February~3 March, 29th Annual 
Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy, 
Cleveland (United States Steel Cor- 
poration Research Laboratory, MS 57, 
Monroeville, Pennsylvania 15146). 
6-10 March, International Colloquium 
on Earth Observation from Space and 
Management of Planetary Resources, 
Toulouse, France (Secretariat du 
colloque, OST, BP No. 4130, 31030 
Toulouse Cedex, France). 

9-11 March, International Symposium 
on Quantum Biology and Quantum 
Pharmacology, Palm Coast, Florida 
(Director, Sanibel Symposia, William- 
son Hall, University of Florida, Gaines- 
ville, Florida 32611). 

29 March-1 April, 3rd International 


Conference on Submillimetre Waves 
and their Applications, Guildford 
(Institute of Physics, 47 Belgrave 


Square, London SWI, UK). 

2-6 April, 2nd Argentine Congress of 
Palaeontology and Biostratigraphy and 
the Ist Latinoamerican Congress of 
Palaeontology, Buenos Aires (IT Con- 
gresso Argentino de Paleontologia y 
Biostratigrafia y I Congresso Latino- 


americano de Paleontologia, Maipú 
645, Primer Piso, 1006-Buenos Aires, 
Republica Argentina). 

10-12 April, International Conference 
on Geological Information, London 
(International Conference on Geo- 
logical Information, c/o Palaeontology 
Library, British Museum (Natural 
History), Cromwell Road, London 
SW7, UK) (for those resident in N 
and S America: D. C. Ward, University 
Libraries, University of Colorado at 
Boulder, Boulder, Colorado 80309). 
10-12 April, Symposium on Micropro- 
cessors in Analytical Instrumentation, 
London (Gerda Holt, Scientific Sym- 


posia Ltd, 42-43 Gerrard Street, 
London WI, UK). 
10-13 April, Utilisation of Sewage 


Sludge on Land, Oxford (The Con- 
ference Organiser, Water Research 
Centre, Medmenham Laboratory, Hen- 
ley Road, Medmenham, PO Box 16, 
Marlow, Bucks, UK). 


11-12 April, Symposium on the Use of 
Alternatives in the Discovery, Develop- 
ment and Testing of Therapeutic 
Products, London (Symposium Organ- 
iser, FRAME, 312a Worple Road, 
Wimbledon, London SW20, UK). 


11-13 April, Colloid Stability, Lun- 
teren, The Netherlands (Faraday Divi- 
sion, The Chemical Society, Burlington 
House, London W1, UK). 


Reports & Publications 
Other countries— August 


Energy, Mines and Resources Canada. Geological 
Survey of Canada. Bulletin 262: The Origin and Migra- 
tion of Petroleum in the Western Canadian Sedimentary 
Basin. Alberta--a Geochemical and Therma! Matara- 
tion Study. By G. Deroo. T. G. Powell, B. Tissot and 
R. G. MeCrossan. With contributions by P. A. Hacque- 
bard. Pp. xvii «136. $12. Bulletin 271: The Use of 
Pedological Studies in Interpretating the Quaternary 
History of Central Yukon Territory. By A. E. Foscatos, 
N. W. Rutter and O. L. Hughes. Pp. 48. $6. Bulletin 
275: Early Paleozoic Ostracoda from Southwestern 
District of Mackenzie and Yukon Territory. By M. J. 
Copeland. Pp. 88 (16 plates). (Ottawa: Geological Sur- 
vey of Canada. 1977. [48 

Australia: Commonwealth Scientific and Industrial 
Research Organization. Division of Environmental 
Mechanics—-Report for 1975-76, Pp. 37. (Canberra 
City: CSIRO, 1977.) {59 

Cognitive Therapy and Research, Vol. 1. No, 1, March 
1977. Edited by Michael J. Mahoney. Published 
quarterly, Pp. 1-98. Subscription rates: Vol. 1, 1977 (4 
issues) $36; Individual subscribers $18. (New York: 
Plenum Publishing Corporation, 1977.) [59 

CERN—European Organization for Nuclear Re- 
search. CERN 77~12; The SPS Auxillary Magnet Power 
Supplies. By H, C., Appelo and S, van der Meer. Pp. v+ 
23. (Geneva: CERN, 1977.) [89 

France. Commissariat a lergie Atomique. RapportEn 
Annuel 1976. Pp. 110. Activités Scientifiques et Tech- 
niques 1976. Pp. 238. (Paris: Commissariat a VEnergie 
Atomique, 31-33 Rue de la Federation, 1977.) {88 

Institüt für die Pädagogik der Naturwissenschaften/ 
Institute for Science Education (West Germany), The 
IPN—-Its Structure and Functions. (IPN Report-in- 
Brief). Pp. 82. 1PM-Materialien. Ubersicht 76, Pp. 187. 
{Kiel: Institute for Science Education (FR Germany). 
Olshausenstrasse 40-60, 1976.) {88 

US Department of Health. Education and Welfare. 
Public Health Service, National Institutes of Health. 
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How much further can the pendulum swing? 


IN THE past few years the tide of inflation has run so 
steadily in Britain, and the economy has been so slug- 
gish, that we have rather lost sight of former landmarks 
and tended to measure performance mainly on the 
outcome of individual battles and on our ability to 
survive from year to year. Viewed in a longer time 
perspective, however, how has science fared in these 
years? In the Third Leverhulme Lecture in Liverpool 
last week, the biochemist Hans Kornberg pulled 
together a number of scattered statistics to show that 
although we may have survived the battles in some way 
or another, we are still in danger of losing the war. 
These matters are of particular interest now that North 
Sea oil is bringing some relief to a beleaguered economy 
and everyone who has been asked to make sacrifices is 
wondering when the sacrificing is going to stop. 

Most striking of Kornberg’s examples is the way in 
which expenditure on civil research and development in 
five European countries moved in the years 1969-74, 
West Germany, France and the United Kingdom spent 
respectively 1.5, 1.2 and 0.9 billion (10°) Eurodollars 
in 1969; by 1974 Germany was up to 3.6 billion, France 
to 2.0 billion . . . and the UK almost static at 1.0 
billion. Expenditures in the Netherlands and Belgium, 
previously down at the 0.2-0.3 billion level, are steadily 
rising: Avg 

The figures do, of course, need extensive qualification. 
No one who has travelled on the Continent will be 
unaware of the discrepancies in cost of living which 
exchange rates seem poorly to reflect. And there are 
complications between countries in the allowance that 
is made for social security payments. So a better 
Measure might well be how many people are employed 
in research and development per thousand of population 
in each country. But the general shape of the conclu- 
sion would be the same: that in Europe, Britain is 
lagging very seriously in its investment in civil R&D, 
though still spending heavily in the defence field in its 
urge to keep in touch with the United States. 

Even within the term ‘civil R&D’, however, there 
needs to be some attention to detail. In recent years 


the Rothschild reorganisation of government R&D 


and the more recent enthusiasm for engineering has _ 


ensured a moderate degree of health for the applied — 
side of things. But with a static total budget this has 
inevitably meant harder times for the more basic side. 
In many ways the approach to these harder times has 


been too subtle to cause individual comment. One such 


way is the upwards creep of costs, necessary, just. to 
stand still. As staff become more. senior, they care 
entitled to higher wages; as research proceeds, more 
complicated equipment is generally needed. Such costs | 
outstrip cost-of-living scales normally used to adjust 
authorisations from year to year. As Kornberg puts it, 
“The pendulum has now swung too far [from the more 
affluent days of the 1960s] and its action must be 


reversed if it is not to cause possibly irreversible . n 


damage”. 


Few scientists would need to be reminded of one 
perfectly valid argument for supporting basic research 


that you can never tell what it will turn up, and the 


occasional discovery, be it Newton’s Laws or Mendels — : 
peas or whatever, is infinitely more valuable in the . 


long run than any amout of basic research. But there 
are two more arguments which should be deployed ` 
more frequently. They are, first, that support of basic. 
research is support of a cultural activity, which govern- 
ment ought to have a genuine pride in fostering; and, 
second, that basic research and indeed basic researchers 
recognise no national frontiers, and so if support wanes 
in one country whilst waxing elsewhere British 
researchers will first have to depend more and more on 
the kindness of their foreign colleagues and ultimately 
will move themselves, or recommend their students to 
move to more fertile pastures. P 
The erosion is slow and there is no psychologically 
‘right?’ time at which to start protesting; besides, 
scientists recognise as well as anyone that there have 
been some genuine national needs for economy. But 
maybe Kornberg’s speech, together with the Secretary 
of State for Education and Science’s call a few months 
ago for a science lobby, will start something. G 







744 
The Nobel prizes (1): 


Rewarding solid state 


Sam Edwards on Nevill Mott, 
Philip Anderson and John van Vleck 


Physics 


T is a pleasure to contribute a note on these awards, as 

I have had two of the recipients, Nevill Mott and Phil 
Anderson, as colleagues and have worked with them, and 
have attended the inspiring lectures of the third, John van 
Vleck, when a graduate student at Harvard. 

Nevill Mott started research in physics when quantum 
mechanics was recently invented. His first great contribu- 
tion was to show that quantum mechanics affected the 
most basic of scattering experiments, that of a-particle— 
helium collisions. Mott relates that, starting his first 
research appointment, he went to explain to Rutherford 
that his famous scattering formula needed amendment and 
that Chadwick, who came along, had found it was so. 
Rutherford listened with interest but without comment 
until Mott rose to leave, when the great man called after 
him, “If you think of anything else like this, please come 
and tell me”. 

This interest of Mott extended to atomic collisions and 
led to the collaboration with Sir Harrie Massey in their 
famous text on collision theory; it extended into nuclear 
scattering and very notably into the theory of internal 
conversion of gamma rays. His interests in the 1930s, after 
a move to Bristol, turned to the solid state, and there were 
many notable contributions to the theory of semicon- 
ductors, for example, to the understanding of rectification. 
This latter problem led him naturally to the study of oxides 
where he realised that the quantum theory of metals, semi- 
conductors, and insulators, as developed by physicists in 
the 1930s, seemed quite inadequate to explain why under 
certain conditions oxides were conductors, whilst in other 
conditions they were insulators. People with a chemistry 
background found these facts explainable on structural 
grounds, but the basic interpretation of the solid state by 
quantum theory had now reached a level that anything 
other than a complete ab initio explanation of behaviour 
was inadequate. 

It should be remarked that Mott had left Cambridge 
first for Manchester and then for Bristol where he played 
a major part in establishing the great eminence of the 
Bristol physics department, and made great contributions 
to the theory of dislocations, the theory of fracture and 
other aspects of the structure of solids, which has long 
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been a speciality of Bristol, and also to the theory of ionic 
crystals, a key to the photographic process which led to the 
famous book written with Gurney. He also wrote another 
famous book on metals in collaboration with Professor 
Jones, recently retired from Imperial College. But to return 
to the events which led to the Nobel Prize, Mott realised 
that external circumstances could lead a solid to make 
transitions between metal and insulator configurations, and 
the Mott transition was born. This study explained in a 
much deeper way than ever before why a material took up 
the metallic or non-metallic condition in the crystalline 
state, and is developed in detail in his book Metal-Insulator 
Transitions. 

Back in Cambridge, he realised similar problems must 
exist in the amorphous state, which also shows metallic, 
insulator and semiconductor behaviour, and does so in a 
way which contradicts any straightforward approach. About 
this time Anderson published his paper ‘Absence of 
diffusion in certain random lattices’, which gave a rigorous 
basis to the phenomena of the localisation of electron wave 
functions by disorder. A lifetime of experience enabled 
Mott to see what the physical consequences of localisation 
would be, and a torrent of new physics resulted. Again this 
work formed the basis of a major book in collaboration 
with Dr E. A. Davis who has been Sir Nevill’s experimental 
collaborator. Dr Davis tells me that no sooner does he 
prepare a new edition of the book than the number of 
papers in the literature justifies starting again. The 
phenomena flaring from the new theory include semi- 
conductor switches and the prospect of much cheaper 
materials for, say, the conversion of sunlight to electricity, 
a field where Professor Spear has been quick to grasp the 
significance of the revolution and produce remarkable new 
amorphous materials. 

The stature of Mott’s work from the very beginning has 
been of the highest calibre, but it is perhaps most remark- 
able that the Nobel citation particularly referred to work 
done in his sixties, when most people are coasting to rest. 


Anderson on magnetism 

Phil Anderson started his research career studying 
aspects of magnetism with Van Vleck at Harvard, and 
early in his published papers is a notable study of the 
antiferromagnetic state, where he shows how quantum 
mechanics introduces great complexity into a problem 
which is classically so simple. His many early papers on 
magnetism led him to great facility with the application of 
quantum mechanical ideas in particular with spin systems 
into which he always tries to translate problems, since this 
way of thinking demands a quantal rather than classical 
intuition. It was natural therefore for him to think of the 
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diffusion of spins when he studied the problem of disorder 
in quantum mechanics in his famous 1958 paper referred 
to above. The same framework of thought produced im- 
pressive contributions to the theory of superconductivity 
which had been opened up around that time by the BCS 
theory. 

When Anderson took a joint appointment in Cambridge 
and at Bell Telephones, one of the great fruits of his time 
in Cambridge was his interaction with Sir Brian Pippard 
and with Brian Josephson, when Josephson was developing 
new ideas on superconducting tunnelling which led to his 
Nobel prize. The other big interaction in Cambridge was 
with Mott and many other British physicists which has 
produced many new ideas both in Cambridge and elsewhere 
in Britain, notably with Professor Thouless in Birmingham. 

Anderson also did basic work on kelium 3 over this 
period, and even the application of solid state ideas to 
astrophysics, but it is his work on the electronic structure 
of disordered systems and on magnetism which has earned 
him the Nobel prize. Other notable work on glasses has 
been on the low temperature thermal properties, and on 
disordered magnets, the ‘spin glasses’ where it has been my 
privilege to collaborate with him. 

I have noted Anderson’s early and continued interest in 
magnetism and how it has influenced his other interests. 
That interest was kindled by J. H. Van Vleck, who brought 


The Nobel prizes (2): 


Thermodynamicist 


J. S. Rowlinson on Ilya Prigogine 


Chemistry 


He Swedish Academy of Sciences has awarded this 

year’s Nobel prize for chemistry to Professor Ilya 
Prigogine of the Université Libre of Brussels. He was born 
in Moscow sixty years ago but went to Belgium at an early 
age, and has spent his whole career there, although for the 
past ten years he has also held an appointment at the 
Center for Statistical Mechanics and Thermodynamics at 
the University of Texas. 

Brussels has had a long tradition of research in classical 
or equilibrium thermodynamics, and although Prigogine 
has contributed to this field he has done his most important 
work in two other branches, statistical thermodynamics, 
which is based on molecular descriptions, and non- 
equilibrium thermodynamics. He started in the first with 
some war-time papers which developed the cell theories 
of liquid structure put forward in the 1930s by Lennard- 
Jones, and developed them to cover liquid mixtures also. 
Such theories suppose that a molecule spends most of its 
time in one of a lattice of cells to which it is confined by 
its neighbours. To be applicable to liquid mixtures such 
theories require that each species can be accommodated 
equally well in each cell. 

This work, and parallel work in England and America 
in the 1950s, was a real advance, but was restricted in its 
useful application to mixtures of molecules of the same 
size. His book Molecular Theory of Solutions (1957) was 
influential in its day but is not much used now. The theory 
of liquids has developed along other lines which eschew 
the restrictive concepts of lattices or cells. 

Meanwhile Prigogine was putting more of his effort into 
non-equilibrium thermodynamics, a subject which has had 
a long but not always very productive history. It started in 
the last century with the study of apparently simple trans- 
port processes such as the flow of electric current caused 
by a temperature difference between two junctions of 
different metals (Seebeck effect), or the inverse, the evolu- 
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magnetism into the realm of quantum mechanics. It is 
astonishing to realise the rate of progress in understanding 
in the late 1920s and early 1930s when, compared to today, 
a small number of scientists revolutionised physics. Van 
Vleck published the first edition of his Theory of Electric 
and Magnetic Susceptibilities in 1932 and with this virtually 
the whole of the modern theory of magnetism was set up: 
not just solved because there are still deep and difficult 
problems remaining, but just how the classical theory could 
be absorbed into quantum theory, what the interactions 
had to be, how the Schrödinger equation was to be studied 
when crystal fields are present—it is all there, written 
out in a completeness and clarity which quite belie the 
date. 

Subsequently Van Vleck developed and clarified many 
aspects of the electromagnetic nature of crystals, whilst 
also making major contributions to microwave and re- 
sonance spectroscopy, fields which have taken on new 
importance with the discovery of cosmic hydroxyl maser 
effects, and microwave communications. His work also 
extended to clarification of the nature of the chemical bond 
unifying the different valence bond and orbital pictures, but 
most importantly to the unification of the different models 
of magnetism. His Nobel award is something which his 
many advisers have been expecting for some years and 
gives just recognition for his achievement. o 


tion of heat produced by an electric current across a 
metallic junction (Peltier effect). 

Similar coupled flows of matter and energy occur when 
two fluids mix by diffusion, or when chemical reactions 
occur in inhomogeneous systems. Kelvin put forward quasi- 
thermodynamic explanations of some of these phenomena 
but it was not until 1931 that Onsager brought order to the 
whole subject by describing exactly how such forces and 
flows are coupled—his famous ‘reciprocal relations’ for 
which he was awarded the Nobel Prize for Chemistry in 
1968. An interesting consequence of Onsager’s work was 
Prigogine’s discovery in 1945 that such systems are 
characterised by minima in the rates of entropy production. 

These results are, however, limited to systems which are 
very close to equilibrium so that the flows are always pro- 
portional to the gradients of potential which generate them, 
such as temperature, or electric or chemical potential, They 
are, therefore, restricted in their applications, particularly 
if the systems are chemically reactive. One critic of this 
stage of development of the subject, believing that the 
useful results were not commensurate with the effort 
expended, said in 1966 that we should “ask not what we 
can do for irreversible thermodynamics; ask what irrevers- 
ible thermodynamics can do 
for us”. It was from this 


impasse that Prigogine 
sought to escape. 
Within the regime of 


linear laws he undertook the 
development of molecular or 
statistical theories of non- 
equilibrium thermodynamics. 
Until the 1950s such theories 
had been confined to dilute 
gases and had reached their 
climax with the work of S. 
Chapman and D. Enskog 
during the First World War. 
The methods they used, 
however, and even the name 
of the subject—the kinetic 
theory of gases—had little 
in common with equilibrium Prigogine 
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statistical thermodynamics. Prigogine, Résibois, and others 
of the Brussels school have played a leading part in 
developing kinetic theories that are applicable to all fluids. 
One of the principal tools of this research has been to 
exploit the analogies between the Liouville equation, which 
describes how a molecular system evolves, and the time- 
dependent Schrödinger equation of quantum mechanics. 

A second line of attack has been to push the macroscopic 
treatment of Onsager beyond the narrow range of situations 
in which flows depend linearly on forces. If this could be 
done then a whole range of new phenomena would come 
within the scope of non-equilibrium thermodynamics, such 
as the turbulent flow and convective instabilities of hydro- 
dynamics, and chemically reactive systems that oscillate in 
space or time. However a macroscopic description implies 
that we can define such statistical properties as pressure, 
temperature and entropy even if the system is far from 
equilibrium. Prigogine showed that such an assumption is 
a sufficient condition for the use of thermodynamic methods 
and justified it in certain cases, for example, by showing 
that even in fast gas reactions the molecular distribution of 
velocities shows little departure from a local Maxwellian 
distribution. 

The behaviour of fluctuations of these local properties 
distinguishes stable from unstable systems. Spontaneous 
fluctuations are always occurring but, except at a critical 
point, are usually unimportant. In a system with weak 
potential gradients each fluctuation quickly regresses to the 
steady-state behaviour, but when gradients are large then 
the fluctuations can grow until a new pattern of flow is 
established, for example the Bénard cells of rotating 
elements of fluid in a liquid heated strongly from below. 
Prigogine has sought to marry the classical theories of 


The Nobel prizes (3): Physiology and Medicine 


Starting a revolution 


Jesse Roth and J. E. Rall on Rosalyn Yalow 


D R Rosalyn Yalow was awarded a Nobel prize for 
medicine and physiology in 1977 for the development of 
the radioimmunoassay. The introduction of the radio- 
immunoassay for plasma insulin in humans (R. S. Yalow 
and S. A. Berson, Nature 184, 1648; 1959; J. Clin. Invest. 
39, 1157: 1960) started a revolution in endocrinology which 
spread from insulin to other peptide hormones including 
substances previously thought not to be antigenic, to steroid 
and thyroid hormones and to the cyclic nucleotides. Like 
other great revolutions it spread rapidly to encompass other 
fields including clinical pharmacology, enzymology, on- 
cology, virology, immunology and haematology. The recent 
explosion of studies of cellular receptors for hormones, 
neurotransmitters, lipoproteins and drugs has its technical 
and intellectual roots in the radioimmunoassay. 

Missing from the Nobel citation is the name of Dr 
Solomon A, Berson who died in 1972. Nobel prizes are not 
awarded posthumously, but historians and scientists every- 
where recall the hundreds of joint publications of Yalow 
and Berson in the two decades that flank the publication 
of the seminal papers that introduced the radioimmuno- 
assay. 

To appreciate the revolution that the radioimmunoassay 
wrought it is necessary to recall the incredible state of endo- 
crinology in 1960. The peptide hormones, which constitute 
about 80% of all hormones, could not, with rare exception, 
be measured in blood or other biological fluids. If one 
wished to study the dynamics of insulin in vivo, one could 
only guess from measurements of the blood glucose, or 
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stability of structures with a generalised thermodynamics 
which would encompass such dissipative systems. He does 
this by introducing a ‘local potential’, which is a generalisa- 
tion of the more familiar chemical potential, and then by 
using a variational principle to calculate the flows. The 
boundary between the stable or steady states and the 
dissipative structures is described by an ‘excess entropy 
production’ which is positive for the former and negative 
for the latter. 

These new methods encompass many of the traditional 
ones used in discussing hydrodynamic instabilities, but their 
more interesting applications lie in the field of chemical 
reactions. This is, first, because reaction rates are, in 
practice, never linear in differences of chemical potential, 
and secondly because of the biological occurrence of systems 
in which complex chemical reactions are coupled to flows 
of matter and energy. He and his colleague, G. Nicolis, 
have used these methods to investigate the conditions under 
which reaction systems can oscillate in space and time 
with the aim of developing a thermodynamics that is 
applicable to biochemical systems. 

Whatever new results emerge it is clear that Prigogine, 
both by his writings and by his enthusiastic advocacy, has 
changed the ways in which we can discuss a variety of 
difficult problems. He is, above all, a man or original ideas. 
In his book (with P. Glansdorff) Thermodynamic Theory of 
Structure, Stability and Fluctuations (1971), he quotes 
Bergson’s saying of 1907 that the second law of thermo- 
dynamics is the most metaphysical of all laws of nature. 
He adds, “Whether a compliment or a criticism, this applies 
also to the ‘generalised thermodynamics’ we develop in this 
monograph”. 


o 


some other very distant component in the complex of 
reactions that regulate the blood glucose. Biological assays 
were available to measure the high concentrations of hor- 
mones in extracts of glands but these assays were orders 
of magnitude too insensitive and lacked the necessary 
specificity for measurements of hormones in blood. 

How was it possible to measure peptide hormones at 
concentrations of 107° M in a sea of contaminating pro- 
teins at 10M, when these hormones were virtually 
indistinguishable from thousands of other peptides and 
proteins in the blood? To solve this problem Berson and 
Yalow used antibodies to insulin, which they had recently 
characterised and had shown were capable of binding insulin 
but no other substances. Insulin that they labelled with 
radioactive iodine was reacted with antibody that had the 
desired specificity and the then unheard of affinity constant 
10" L/M. Conditions were set so that minute concentrations 
of unlabelled insulin competed with the labelled insulin for 
binding to the antibody. By measuring the ratio of radio- 
actively-labelled insulin that was bound to antibodies to that 
which was free, the precise concentration of unlabelled 
insulin in the system could be determined. 

This simple method of measurement of hormones in the 
blood was made possible by a series of conceptual leaps 
and technical innovations by Yalow and Berson in the pre- 
ceding five years. They discovered that all insulin-treated 
patients generated antibodies to the hormone and recog- 
nised the problem of species specificity among insulins. They 
recognised the need to find antibodies with affinities so high 
as to be undreamed of by immunochemists of those days. 
They introduced methods to protect and purify proteins 
that were being labelled at high specific radioactivity. They 
devised a rapid precise method for separating antibody- 
bound hormone from free hormone and characterised in 
detail the kinetics and thermodynamics of insulin antibody 
interaction. 
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With precise and specific measurements for plasma 
hormone, it became clear that many of the earlier guesses 
were incorrect. For example, the radioimmunoassay proved 
that only a minority of diabetics have an absolute deficiency 
of insulin. Most diabetics have normal or supernormal 
amounts of insulin which is biologically intact but the cells 
of these diabetics are subnormally responsive to insulin. 
Yalow and Berson not only introduced the radioimmuno- 
assay for insulin but applied the method to study the 
physiology of many other peptide hormones, including 
growth hormone, parathyroid hormone, adrenocortico- 
tropin and gastrin. They also used this approach to devise 
a very sensitive method for detecting hepatitis virus and 
its antibodies in blood, which is widely used in blood banks 
in the United States and elsewhere. Other applications to 
problems of infectious diseases are now emerging. Although 
just beginning, the extension of radioimmunoassay to 
measure blood levels of drugs, including cardiac glycosides, 
anticonvulsants and antibiotics, has made it much more 
feasible for physicians to achieve therapeutic effects 
without sustaining serious untoward effects of these agents. 
The principle of competitive binding assays has been 
extended beyond antibodies to other binding substances of 
appropriate specificity and affinity. 

In the light of these extraordinary scientific accomplish- 
ments, it is interesting to recall Dr Yalow’s own modest 
personal and academic background. Born in 1921, she was 
raised in the South Bronx, the area that is now recognised 
as the most devastated in the urban United States. She was 
the first physics major at Hunter College, and although 
she graduated magna cum laude and phi beta kappa, her 
future was clouded by the fact that she was both Jewish 
and female, two traits which were not considered to favour 
success in physics in those days. In part because the 
military draft was depleting the ranks of eligible males, 
Dr Yalow was accepted by the University of Illinois, and 
after receiving her Ph.D in physics she returned to New 
York, where she worked until the end of the Second 
World War. In 1947, when applications of radioactive 
isotopes to clinical medicine were in their infancy, Dr 
Yalow joined the newly formed radioisotope unit of the 


Inadvertent collaboration 


George Fink on Roger Guillemin 
and Andrew Schally 


DF Roger Guillemin of the Salk Institute and Dr 

Andrew Victor Schally of the Veterans Administration 
Hospital, New Orleans, were awarded the Nobel prize in 
Physiology and medicine for isolating, characterising and 
synthesising three polypeptides which mediate the neural 
control of the anterior pituitary gland. The discoveries of 
Schally and Guillemin have already proved significant for 
clinical and basic medical science and are likely to offer 
new and safer methods for the control of population size. 

The delight of neuroendocrinologists will only be 
dampened by the fact that the untimely death in November 
1971 of Geoffrey Wingfield Harris, FRS, prevented him 
from sharing the fruits of his labours. As a medical student 
at Cambridge, Harris was the first (1937) to provide experi- 
mental proof for the then tentative view that the anterior 
Pituitary gland was controlled by the central nervous 
system. The elegant studies carried out by Harris in the 
1940s and early 1950s, alone and in collaboration with Dora 
Jacobsohn and the late John Green, established beyond 
doubt that this control was mediated by a neurohumoral 
mechanism involving the transport by hypophysial portal 


Veterans Administration 
Hospital in the Bronx where 
she has worked ever since. 

Dr Berson, from a similar 
background, joined the 
radioisotope unit in 1950. 
His participation in the re- 
search was much less direct 
after 1968 when he assumed 
the chairmanship of the De- 
partment of Medicine of the 
Mount Sinai School of Medi- 
cine. In spite of his sudden 
death four years later, there 
has continued a flood of ex- 
citing new studies from the 
laboratory (renamed the 
Solomon A. Berson Research 
Laboratory) at the Bronx 
Veterans Administration 
Hospital under Dr Yalow’s 
solo leadership. It has become clear that each peptide hor- 
mone in the blood is not a single substance but is rather a 
family of related peptides that include the active hormone, 
modifications of the active hormone, precursors and de- 
graduation products, as well as phylogenetically related 
peptides. Dr Yalow has been the major contributor 
to this area over the last decade and has extended 
these observations to numerous biological problems in 
vivo. 

Her achievements are the subject of editorials in The 
Daily News and The New York Post as well as the subject 
of hundreds of sermons in churches and synagogues 
throughout the area. Dr Yalow is being viewed as an 
example of how talented and determined people of modest 
background can become world champions even in today’s 
America. Women’s groups all over North America have 
turned to her as a symbol. The Urban Crisis Task Force, 
which has its headquarters in the South Bronx, sees her 
as an ideal and has decided to name one of their new 
housing projects in her honour. oO 





Yalow 


vessel blood of chemical substances from the hypothalamus 
to the anterior pituitary. 

The three polypeptides and their aminoacid sequences 
are: thyrotrophin releasing factor (TRF) pyro Glu-His-Pro- 
NH2; gonadotrophin releasing factor (GnRF) pyro Gly- 
His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2; and somatosta- 
tin (or somatotrophin release inhibiting factor, SRIF) H-Ala- 
Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH. 
Synthetic TRF and GnRF are now widely used in the 
investigation of thyroid dysfunction and infertility, re- 
spectively. Because TRF releases prolactin as well as 
thyrotrophin, the tripeptide is also used for investigating 
patients in whom prolactin secretion appears to be 
abnormal. Conceivably, antagonists of TRF may prove 
useful for controlling hyperprolactinaemia, a condition 
frequently associated with infertility in women, and for the 
control of hormone dependent tumours of the breast. 

Superactive analogues of GnRF, made by substituting a 
D-aminoacid (for example D-Trp, D-Ala or D-Leu) for 
Gly and an ethylamide group for Gly”, are being investi- 
gated mainly by Schally’s group with a view to improving 
the precision of ovulation in women who prefer to or must 
use the rhythm method of fertility control. The parent 
decapeptide has already been used successfully for the 
treatment of certain types of infertility in men and women. 
Because GnRF will only discharge the amount of luteinis- 
ing hormone (LH, the hormone which triggers ovulation) 
normally available for release, the risk in terms of pro- 
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ducing multiple pregnancy is negligible compared with that 
of administering exogenous gonadotrophins. Concern about 
the safety of the steroid contraceptive ‘pill’ has added 
impetus to the search for other chemical contraceptives. 

As well as inhibiting the release of growth hormone, 
somatostatin inhibits the release of thyrotrophin, prolactin, 
insulin, glucagon and gastrin. In spite of these widespread 
effects. early trials suggested that the tetradecapeptide may 
prove useful for the control of certain aspects of diabetes 
mellitus. An inhibitory effect of somatostatin on platelet 
aggregation has, however, made it mandatory for clinicians 
to proceed with caution. 

As expected, access to large amounts of the three 
peptides, which are relatively easily synthesised, has proved 
invaluable for investigating the physiology and biochemistry 
of the hypothalamic-pituitary system. Perhaps of greater 
importance, however, is the fact that the peptides have 
reawakened interest in extra-hypothalamic peptidergic 
neurons, a field which has largely remained dormant since 
the studies of Gaddum and Von Euler on substance P 
(1931). Using antisera to TRF, GnRF and somatostatin, 
immunoassay and immunohistochemical studies have shown 
that relatively large amounts of these peptides are present 
in areas outside the hypothalamus, including the cerebral 
cortex and spinal cord. 

The small amount of polypeptide in the hypothalamus 
(nanogram quantities), the protected N and C terminals of 
TRF and GnRF, and the fact that the hypothalamus 
contains more pharmacologically active substances than any 
other tissue, made the isolation of the three peptides exceed- 
ingly difficult. Both Schally with Murray Saffran at McGill, 
and Guillemin in Houston, started their isolation studies on 
corticotrophin releasing factor (CRF). Subsequently, at 
Baylor University, they collaborated on this project, but, 
by the early 1960s, they realised that for various technical 
reasons, notably the lack of a specific assay for CRF, it 
would have been better to leave the investigation of this 
potentially important factor until last. 

After Schally became chief of the Veterans Administra- 
tion Endocrine and Polypeptide Laboratory in New Orleans 
(1963), the alarming rivalry which soon developed between 
the two Laureates provided the necessary stimulus for the 
completion of their Herculean task. Almost every result 
obtained by one was checked by the other, and, although 
separated more by passion than distance, much of the work 
proved inadvertently to be collaborative. Thus, for example, 
Guillemin and his co-workers were the first to show that 
hypothalamic extracts could release thyrotrophin (C.R. 
Acad. Sci. Paris. 255, 1018, 1962). Schally’s group revealed 
that His, Glu and Pro were the aminoacids present in 
porcine TRF (Biochem. Biophys. Res. Commun, 25, 165, 
1966). On the basis of the activity of various synthetic 
tripeptide isomers of these acids, both groups reached the 
conclusion in 1969 that TRF was likely to be pyro Glu-His- 
Pro-NH2. 

Shortly afterwards, Guillemin reported that the structure 
of natural ovine TRF was identical to that of the active 
isomer as assessed by infrared, mass and nuclear-magnetic 
resonance spectrometry (C.R. Acad. Sci. Paris 269, 226, 
1969; Nature 226, 321, 1970). Schally, found that natural 
porcine TRF was also identical to pyro Glu-His-Pro-NH2 
as assessed by identical Rf values in various chromato- 
graphic systems (Biochem. Biophys. Res. Commun. 37, 705, 
1969) and by spectral analysis (Biochemistry 9, 1103, 1970). 

Samuel (Don) McCann in 1960 and Geoffrey Harris in 
1961, using respectively the ovarian ascorbic acid depletion 
method of Albert Parlow (an assay used extensively by 
Guillemin and Schally) and the rabbit ovulation test, re- 
ported that hypothalamic extracts released LH. After ten 
years of intense work carried out by several groups, Schally 
was able to announce in 1971 that his team had determined 
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the structure of porcine GnRF (Biochem. Biophys. Res. 
Commun. 43, 393 and 1334). The amino-acid sequence was 
confirmed by Guillemin’s group who used ovine tissues 
(Proc. Natn. Acad. Sci. 69, 278, 1972). Both groups agreed 
that the decapeptide releases LH and follicle-stimulating 
hormone (FSH) (hence Schally’s preferred term, LH-RH/ 
FSH-RH). Earlier evidence for the existence of a separate 
releasing factor for FSH appeared to be due to the non- 
specific effects of polyamine contaminants. So far there is 
no convincing biochemical evidence for the existence of a 
FSH-RF distinct from the decapeptide, and this is dis- 
appointing since it makes remote the possibility of develop- 
ing an acceptable male contraceptive ‘pill’. 

McCann and his co-workers (Endocrinology 83, 783, 
1968) first demonstrated the presence in fractions of sheep 
and rat hypothalamic extract of a growth hormone in- 
hibitory factor and a growth hormone releasing factor. The 
structure of ovine growth hormone inhibitory factor 
(somatostatin) was reported by Guillemin’s group in 1973 
(Science 179, 77). In spite of extensive studies the structure 
of growth hormone releasing factor remains unpublished. 

Since the isolation of the three polypeptides, Schally’s 
team have focused attention on the development of potent 
agonists and antagonists of GnRF, as well as on the isola- 
tion of prolactin-inhibitory, corticotrophin-releasing and 
growth-hormone-releasing factor. As well as developing 
analogues of the peptides, Guillemin has concentrated his 
efforts on the endorphins, his most significant recent con- 
tribution being the isolation of a pituitary protein (MW 
31000) which appears to be a common precursor of f-en- 
dorphin and ACTH. 

Apart from their expertise in chemistry and physiology, 
and their tenacity and perseverance, the success of the two 
Laureates depended on the recognition in the early sixties 
that the isolation of each hypothalamic factor required an 
all or none approach. They had the capacity to attract 
research funds amounting to many millions of dollars which 
enabled them to assemble large teams of competent 
chemists and biologists, and as well, purchase the many 
hundreds of thousands of hypothalamic fragments necessary 
for successful isolation. 

Since the late 1950s, when he began to test ovine hypo- 
thalamic fragments for LH-releasing activity, Geoffrey 
Harris was determined to isolate LH-RF. He managed to 
secure only one senior chemist at a time : first Peter Fawcett 
at Mill Hill and then (1966) Harry Gregory at ICI. In the 
light of the resources available to the American teams, it is 
perhaps remarkable that, using only a few thousand frag- 
ments, Gregory had by 1970 isolated six of the aminoacids 
in GnRF and had shown that this factor had no free a 
amino groups (Control of gonadal secretion, eds. Baird and 
Strong, page 15). Is there a lesson here for the funding of 
British biomedical research? 





Guillemin, Schally 
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Permission to land 





The delays experienced by the EEC’s 
Joint European Torus (JET) fusion 
project are over. Chris Sherwell 
reports 





A FULL two years after the matter 
came before it, the EEC Council of 
Research Ministers has agreed on the 
research laboratories at Culham near 
Oxford as the location for the next 
stage of the Community’s fusion pro- 
ject, JET. The choice, made at a 
Council meeting on Tuesday, ends a 
controversial wrangle that has damaged 
the Community as well as the project. 
` The decision also paves the way for 
the establishment of a JET Council, 
the release of funds to boost a stalling 
research effort and the appointment 
of a project head. 

Political rather than scientific dis- 
putes have persistently hamstrung the 
£100-million project. Contracts for the 
team based at Culham have had to be 
extended at the last moment many 
times, and continuing uncertainties 
have driven some members away. Only 
last week Paul Rebut, the present 
project leader and a strong candidate 
to head the next phase, warned that 
rebuilding the team would take at least 
six months. Over the past 18 months 
JET has come up at five Research 
Ministers’ meetings, two Foreign 
Ministers’ meetings and one heads of 
government meeting: there have been 
six elections, and seven research 
ministers have changed: so have six 
foreign ministers and four heads of 
government. 

The site of the project has sparked 
most controversy. National interest 
arguments prevented agreement on 
any of the four sites originally pro- 
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posed (Ispra in Italy, Cadarache in 
France, Garching in Germany and 
Culham in Britain), even when they 
were eventually whittled down to 
Garching and Culham. A widely 
expected decision failed to materialise 
at a Research Council meeting in 
March this year, and EEC heads of 
government passed the matter three 
months later to the Foreign Ministers. 
When they too failed to agree, every- 
thing seemed to hang on Anglo- 
German exchanges. But the Schleyer 
kidnapping intervened, no exchanges 
took place and JET was not discussed 
at a Foreign Ministers’ meeting in 
September. 

The breakthrough finally came last 
week when the West German Chan- 
cellor, Helmut Schmidt, and the UK 
Prime Minister, James Callaghan, met 
in the aftermath of the successful 
Mogadishu raid. Its euphoric effects, 
and Britain’s supporting role in it, may 
have helped the two men submerge 
differences on matters like Community 
budget contributions. They agreed that 
a site for JET should be decided by 
a consensus—in other words, that 
neither country would veto whatever 
preference the majority expressed. 
This was conveyed to the Foreign 
Ministers’ meeting in Luxembourg the 
same day, and though Germany did 
not waive her claim for Garching, the 
immediate presumption, based on past 
voting intentions, was that JET would 
go to Culham when the Research 
Ministers met in Luxembourg. In the 
event, five countries voted for Culham 
and two for Garching. One of the two 
abstaining countries went with the 
majority. Earlier fears of an Irish veto 
proved unfounded. 

Reports that two JET projects were 
being discussed gained credence at a 
press conference in Brussels on. Mon- 


Informing on 2,4,5-T 





Alastair Hay looks at two recent reports 
on the controversial herbicide 2,4,5-T 





MANUFACTURERS and users of the herbi- 
cide 2,4,5-T are not letting attacks on 
it pass without comment, if two recent 
reports that attempt to vouch for its 
safety are anything to go by. The first, 
a Dow Chemical Company report to 
the US Environmental Protection 
Agency (EPA), insists that there is no 
“significant hazard” to humans asso- 


ciated with its use. The second, from 
the UK Forestry Commission, claims 
that if foodstuffs or water supplies 
should become contaminated with 
2,4,5-T, “serious consequences [for 
humans or animals] are unlikely” to 
occur, 

The use of 2,4,5-T has aroused con- 
cern since the late 1960s when formula- 
tions of the herbicide in use in Vietnam 
were shown to be contaminated with 
2,3,7,8-tetrachlorodibenzo-p-dioxin (dio- 
xin), which is highly toxic and a 
known teratogen. The public outcry, 
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day given by Guido Brunner, the 
EEC’s Energy and Research Com- 
missioner. Culham and UK Foreign 
Office spokesmen last week discounted 


the idea, the former pointing out that a 
even if this referred to the possibility 


of siting ‘Super JET’ or ‘Jumbo JET’ 
(as the next phase is known) in the 
country which failed to win JET, such 
a decision could not be taken bilater- 
ally. The impression nevertheless 
remained on Monday that the Research 
Ministers would take a consensus view 
on locating ‘the next phase’ at the 
losing site, and that ancillary fusion 
research might also. be used as com- 
pensation. ae 

The removal of other potential 
obstacles at a meeting of high-level 
officials a week earlier also assisted 
agreement on a JET site. Helpful 
concessions from France, which 
originally proposed a JET Council to 
manage the project and saw it become 
a stumbling block, produced agree- 
ment that the member states, along 
with other participating countries 
(Sweden and Switzerland), would each 
have two members on it, one a 
scientific expert. Voting will be 
weighted, 26 out of 37 constituting a 
majority. The Council, which will 
have a scientific council to consult at 
its convenience, will meet as and when 
necessary. Once it is established. 
(initially in interim form) and funds 
become available, the senior scientific 
appointment for the project willbe 
made. But that could prove as politic- 
ally contentious as anything that has 
befallen JET so far. 

The aim behind the £100-million 
project—often forgotten by the politi- 
cians, often simplified as ‘cheap, 
safe and abundant energy supplies”’-— 
is essentially to construct a third- 
generation tokamak device. The 
equivalent device in the USSR is 
known as T-20, in the USA as TFTR, 
and in Japan as T-60. Ld 





together with scientific criticism of the 
use of 2,4,5-T, led the EPA to prohibit 
its use around homes, recreational 
sites, aquatic areas and on human food 
crops. In 1975 an EPA study reported 
that dioxin had been found in beef fat 
taken from cattle in areas where 
2,4,5-T was known to have been used. 

The Dow study was undertaken to 
assess these EPA findings. In a two- 
year study Dow scientists fed rats diets 
containing 0.1, 0.01 and 0.001 ag kg™ 
of dioxin a day. The animals receiving 
the highest dose experienced the known 
clinical and pathological symptoms 
of dioxin exposure—decreased weight 
gain, decreased red blood cell and 
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haemaglobin levels, elevation of some 
serum enzymes, and increased mor- 
tality. Discernible increases in the in- 
cidence of liver cancer and carcinomas 
of the lung, hard palate and tongue 
were also observed. But the report also 
speaks of a remarkable decrease in the 
“incidences of tumours of the pituitary, 
uterus, mammary glands, pancreas and 
adrenal gland” in these animals. In the 
rats receiving the lower doses of dioxin 
a lesser degree of toxicity was observed 
but there was no increase in tumours. 
On the basis of these results the report 
states that if the EPA measurements are 
used then the average person would 
need to consume fifty times his “*body 
weight in beef every day to receive 
the daily dose level” of dioxin linked 
with cancer incidence in Dow's studies. 
Thus, in Dow’s view it appears that 
2,4,5-T is safe if used properly. 

The same conclusion is drawn by the 
Forestry Commission report, “The 
Safety of Herbicides 2,4-D and 2,4,5-T’. 
The author, D. J. Turner, describes 
many of the criticisms of the use of 
2,4,5-T as unfounded and ill-informed. 
He points out that 2,4,5-T, still enjoy- 
ing widespread use in Europe and 
South-East Asia, remains the most 
effective herbicide for defoliating 
rubber trees, which is the way to 
contain and isolate the South American 









Tue development of a new chelating 
agent does not usually make head- 
lines in the national press, but this 
week saw the widely publicised an- 
nouncement of a chelating agent with 
two important differences. Its scien- 
tific interest lies in the fact that it 
can enter the cells of the body and 
will therefore be much more efficient 
at removing heavy metal contamina- 
tion. The reason it hit the headlines 
is that it has been developed (at the 
Harwell laboratories of the UK 
National Radiological Protection 
Board) to remove plutonium from 
the body in the event of an accident. 

One of the problems in devising 
effective treatments for the rare cases 
of accidental contamination with plu- 
tonium has been the difficulty of re- 
moving the plutonium which becomes 
locked up in the cells of the body, 
mostly in liver and bone, where over 
the years there is the risk that it 
might induce cancers. The only avail- 
able treatment up to now aimed to 
inactivate the plutonium when it was 
freely accessible in the blood before 
it became deposited inside tissue cells. 
The chelating agent calcium di- 
ethylene - triamine - pentaacetic acid 
(CaDTPA) can pick up plutonium 
from the bloodstream and the result- 
ing complex is excreted in the urine. 























Handling plutonium fuel assembly (BNFL) 


leaf blight disease Dorhidella ulei. But 
he also says that “if reaction conditions 
[for converting tetrachlorobenzene to 
trichlorophenol—the precursor of 
2,4,5-T] are properly regulated dioxins 
are not formed”. Chemists knowledge- 
able in reaction mechanisms say this 
is not so, arguing that the reaction 
makes dioxin contamination unavoid- 
able and that control of the reaction 
conditions will only limit the amount 
of dioxin produced, not eliminate it 
entirely. In their view the manufactur- 
ing stage presents greater risks of 
dioxin contamination than the use of 
the herbicide in silviculture. 

In spite of the now considerable 
volume of literature relating to dioxin’s 
effects, the report claims there is no 
evidence that the “defoliation spraying 
programmes in Vietnam had any direct 
effects on humans”. This is flatly con- 
tradicted in the fifteenth report of the 
International Agency for Research on 
Cancer (IARC). In a chapter on 
chlorinated dibenzodioxins that cites 
the same National Academy of 
Sciences report referred to in the 
Forestry Commission publication, this 
states that the Montagnard people of 
South Vietnam were badly affected by 
exposure to the herbicide ‘Agent 
Orange’, a 50:50 mixture of the 


n-butyl esters of 2,4-D and 2,4,5-T, 


But CaDTPA has one great draw- 
back—it cannot enter cells and so is 
only effective against plutonium cir- 
culating in the blood. In real life the 





Fighting plutonium 
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contaminant may well be ‘insoluble’ 
plutonium, such as plutonium dioxide 
particles, which leach very slowly 
into the bloodstream from the lungs; 
in this case DTPA is not particularly 
efficient in reducing the total body 
burden. 

The NRPB’s new drug, which it 
calls Puchel, is a derivative of DTPA 
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containing up to 30mg kg™ of dioxin. 
The consequences included diarrhoea, 
vomiting, skin rashes, fever, abdominal 
pain and the deaths of some children. 
The [ARC publication, one of the most 
comprehensive reports yet produced on 
the dioxins, aimed to assess carcino- 
genicity of chlorinated dibenzodioxins, 
but concluded that this evaluation 
could not be made with the data avail- 
able to it at the time of publication. 
At Séveso in Italy—where the 
authorities are now satisfied that de- 
contamination following last year’s 
release of dioxin has made it safe for 
people to return to their homes (last 
week the first 24 families were allowed 
back)—135 children have chloracne as 
a result of dioxin exposure. A total of 
thirty-three adults but no children 
have neurological disorders, yet if (as 
some argue) chloracne is an obligate 
sign of dioxin poisoning, children 
might have been expected to have 
neurological problems. No eye damage 
has been reported in the 400 people 
examined by an oculist. Sixteen cases 
of children born with malformations 
were reported by August this year, of 
whom two died, but the diversity in the 
type of malformation and the fact that 
the number was no greater than the 
statistical norm suggests that dioxin 
was probably not the causative agent. 













with one important modification. 
Fatty acid chains have been added to 
the molecule enabling it to penetrate 
the lipid cell membrane and pick up 
plutonium from inside the cell. The 
complex is then excreted, mostly in 
the faeces. The NRPB is not yet 
divulging the structure of its new 
molecule, pending a possible patent 
application, but the secret apparently 
lies in the length of the fatty acid 
chains. 

So far, of course, the drug has only 
been tried out in animals, where it 
has proved essentially non-toxic when 
given as the calcium salt. Injected 
intraperitoneally into hamsters it re- 
leased most of the plutonium 
deposited in the liver after injection 
of a soluble plutonium salt, and given 
as a aerosol removed plutonium from 
the lung after inhalation of plu- 
tonium particles. It will also probably 
be effective in removing intracellular 
metal if given orally. Puchel has 
proved less effective at releasing plu- 
tonium from bone than from liver. 

Puchel has been developed as a 
contribution towards reducing the 
risks of a nuclear accident, but if it 
proves itself it may be useful in 
cases of poisoning with non-radio- 
active heavy metals such as lead and 
mercury. 


Nature Vol. 269 27 October 1977 
IN BRIEF 


ISEE OK 


The first stage of the joint European- 
American International Sun-—Earth 
Explorer (ISEE) satellite mission was 
launched successfully at the weekend. 
Lift-off was postponed from 13 to 19 
October and then suffered two further 
delays. This was to allow NASA 
to adjust the Thor Delta vehicle, 
launching the ISEE A and B satel- 
lites in tandem. The second part of the 
mission, ISEE C, will be launched in 
nine months’ time. 


Whale decision 


A Federal Court of Appeal has rejected 
the Alaskan Eskimos’ plea that the US 
Administration be required to file an 
objection against the International 
Whaling Commission’s (IWC) decision 


CONSERVATIONISTS, anxious to pre- 
serve the native animals and plants of 
the countryside, generally assume that 
modern agricultural techniques are 
increasingly damaging to wildlife. The 
wholesale removal of hedges in the 
cereal growing areas of eastern 
England has, locally, left few wild 
habitats, spray drift from carelessly 
used weedkillers has denuded road- 
side verges of many attractive flowers, 
and some insecticides have slaugh- 
tered thousands of songbirds. How- 
ever, these abuses are being generally 
controlled today, and in Britain there 
is growing cooperation between 
farmers, the makers of agricultural 
chemicals and conservationists to 
make at least the second best of both 
worlds, of agricultural productivity 
and wildlife conservation. 

It is also encouraging to find that 
some modern farming methods do less 
damage than those which they are 
replacing. Ploughing, the traditional 
means of cultivation, is a drastic pro- 
cess, with profound effects on soil 
Structure and chemistry and on all 
subterranean living organisms. It is 
done to produce a tilth for planting, 
and to control weeds. Work at 
Rothamsted Experimental Station in 
England over thirty years ago showed 
the surface-casting earthworms, which 
produced Charles Darwin’s ‘vegetable 
mould’ (the stone-free well-textured 
surface layer in old pasture), were 
eliminated, and their populations 
might not recover for 70 years. 
Where cereals have been grown con- 
tinuously for many years using only 
chemical manures, levels of organic 
matter have fallen and soil structure 
has suffered. Ploughing also uses a lot 
of expensive and scarce fuel. 


to bar the hunting of bowhead whales 
next year. The Court upheld the 
US decision not to object to the ban. 
It did so on the grounds that a US 
refusal to abide by IWC recommenda- 
tions would give other countries licence 
to follow suit and would seriously 
threaten the bowhead with extinction, 
whose numbers are estimated at be- 
tween 500 and 2,000. 


Washington meeting 

An idea to curb the spread of nuclear 
weapons by setting up an International 
Fuel Bank was suggested by President 
Carter last week at the opening of the 
40-nation international conference on 
nuclear fuel disposal. The Bank would 
ensure the US and other countries of 
an adequate supply of uranium for 


Some farmers are now ceasing to 
plough, and are turning to direct 
drilling. A field of wheat is harvested, 
and the straw and stubble is burned. 
This burning, if improperly con- 
trolled, can do immense damage to 
the countryside, to hedges, woods and 
verges, and their wildlife, and bodies 


Drill to till 
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like the National Farmers’ Union are 
trying to discipline their members to 
accept a safety code. But burning has 
many agricultural advantages. It gives 
some control of diseases, weeds and 
pests, and returns a substantial 
amount of immediately-available nu- 
trient to the soil. A burned field, with 
little trash on the surface, is easily 
cultivated, and rain does not produce 
a quagmire as it does after ploughing. 

The field is usually left for some 
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peaceful purposes. The US government 
also has a plan for storing all spent 
nuclear fuel produced by reactors both 
at home and abroad, which would 
further reduce the Administration’s 
fears of unchecked proliferation. 


Med meeting 

A five-day meeting of 13 Mediter- 
ranean states and the EEC to discuss 
the draft of a treaty to fight Mediter- 
ranean pollution, ended this week with 
agreement on limiting or banning the 
discharge of certain materials. The 
United Nations Environment Pro- 
gramme (UNEP) estimates that the 
cost of implementing the treaty, which 
will be submitted to Mediterranean 
States at a major conference next 
January, at $5 billion. 


weeks after burning, to allow weeds 
and shed grain to germinate. During 
this period it is a rich feeding ground 
for birds which obtain little food 
where stubble is ploughed straight 
after harvest. The surface is next 
sprayed with the herbicide paraquat, 
which kills the growth, but which is 
immediately immobilised. The sprout- 
ing grain is unharmed, and thus it is 
possible to drill the seed at the same 
time. This saves a lot of fuel. There 
has in the past been controversy 
about the effectiveness of direct drill- 
ing, as some farmers have obtained 
higher and some lower yields than 
with conventional ploughing. It seems 
now that good results are obtained by 
those who persist even after initial 
disappointment. After three or four 
years, even on heavy clay soils, the 
organic matter level increases (as sev- 
eral tonnes per hectare of roots rot 
down to produce humus) and the soil 
structure improves markedly. The soil 
fauna, including the delicate worms, 
also flourishes, and makes its contri- 
bution. The amount of herbicide used 
may be less than on ploughed fields, 
for some weeds are killed by the 
paraquat and the rapidly-germinating 
crop may smother others, including 
the usually troublesome couch grass. 

Direct drilling is done to help the 
farmer to grow the most profitable 
crops, not to please the conserva- 
tionist. It will not bring back our 
flower-rich meadows or the hedgerows 
once full of singing birds. But it may 
make the soil healthier and support a 
richer soil fauna. This is the basis of 
healthy agriculture and a_ healthy 
countryside. We, the conservationists, 
must now find how to encourage 
wildlife in this milieu. 
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news and views 





Gene derepression in tumours 


from Robert Shields 


Many non-endocrine tumours produce 
a wide variety of peptide hormones; 
perhaps the best known example is 
ACTH, (adrenocorticotropin) secreted 
by oat cell carcinoma of the lung 
(Rees J. Endocr. 67, 143; 1975). The 
favoured explanation for this ectopic 
hormone production is that it results 
from ‘gene derepression’ which is 
claimed to be a frequent occurrence in 
neoplasia (Odell New Engl. J. Med. 
297, 609; 1977). This idea goes some 
way towards explaining many of the 
features of ectopic hormone synthesis. 
Quite often these hormones are larger 
than the normally occurring peptides 
(as happens with ACTH). These larger 
proteins are probably the prohormone 
precursor to the normal mature pro- 
tein. Other ectopic hormones lack the 
modifications normally made before 
secretion; for instance the subunits of 
human chorionic gonadotropin (hCG) 
secreted ectopically by a variety of 
tumours lack the normal complement 
of carbohydrate. The gene derepression 
hypothesis could also explain why 
ectopic insulin production (which 
requires the tumour to execute the 
correct cleavage of proinsulin) is seen 
so rarely and why ectopic synthesis of 
non-peptide hormones such as steroids 
or thyroxine (which would involve the 
derepression of an entire enzyme 
pathway) has not been found. 

But a number of observations are not 
fully explained by a simple gene de- 
repression hypothesis. First, if gene de- 
repression is common in neoplasia why 
do cells plump so often for hormones 
when there are 110*-5X10* other 
genes to choose from? A partial 
answer may be that most of these 
genes code for housekeeping functions, 
over-production of these might be 
lethal. However, one might still expect 
luxury proteins to be derepressed with 
roughly equal frequency. Ectopic pro- 
duction of non-hormone proteins is in 
fact seen quite often, the best known 
examples are carcinoembryonic antigen 
(CEA) or a foetal globulin and 
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placental alkaline phosphatase. It is 
probable that many other proteins are 
synthesised ectopically, and that only 
the lack of clinical symptoms or suit- 
able assays prevents their detection 
(Odell & Wolfson in Cancer, 81, 
(ed. Becker F.) Plenum, New York, 
1975). 

In spite of this range of tumour 
products specific tumours tend to be 
associated with particular proteins: 
squamous carcinoma of the bronchus 
often produces parathyroid hormone 
(PTH) but seldom makes ACTH or 
MSH = (melanocyte-stimulating hor- 
mone) whereas these hormones are 
relatively common in oat cell car- 
cinoma (Br. Med. J. 1, 1300; 1976). 
Why ‘gene derepression’ (if that is the 
explanation) occurs so non-randomly 
has not been satisfactorily explained. 

The relative frequency of ectopic 
hormone production makes it worth 
asking whether ectopic protein pro- 
duction is unique to neoplasia and 
whether gene derepression is wide- 
spread in tumour cells. A recent report 
presents evidence for the presence of 
the B subunit of hCG in liver and colon 
from normal subjects (Yoshimoto et 
al, Science 197, 575; 1977). Like 
ectopically synthesised hCG the pro- 
tein lacked carbohydrate. Other ex- 
perimenters have reported finding 
ACTH in non-involved lung tissue 
from patients with lung cancer 
(Bloomfield et al. Clin. Endoer. 6, 95; 
1977). These results suggest that 
ectopic hormone production may be 
widespread and occur in normal tissue 
as well. These findings also cast some 
doubt on the usefulness of ectopic 
hormones as tumour markers. 


mRNA changes 

As the techniques of nucleic acid 
hybridisation become more refined it 
is possible to ask more directly 
whether gene derepression occurs in 
tumour cells. If cDNA to total mRNA 
from transformed cells is cross- 
hybridised to normal cell mRNA any 
unhybridised cDNA should represent 
sequences present only in the trans- 
formed cell. If this remaining cDNA 


is then back hybridised to transformed 
mRNA an estimate of the abundance 
and complexity of the new mRNA 
species can be obtained. When such 
experiments were done with human 
fibroblasts transformed by SV40 virus 
it was found that the great majority 
of mRNA species in transformed cells 
were present in the normal cells as 
well (Williams et al. Cell 11, 901; 
1977). At most around 3% of the 
mRNA in tumour cells was new (and 
part of this was probably virus coded) 
so vast host gene derepression did not 
occur. The estimate of how many new 
host cell sequences were derepressed 
can only be approximate but the 
authors calculate that around 35 new 
species may be involved. Since there 
are around 10° different mRNAs in 
the cell anyway 35 sequences does not 
represent large amounts of new 
information. 

In these experiments care was taken 
to maintain normal and transformed 
cells under identical conditions to 
minimise the possibility that the 
differences seen were unconnected with 
transformation. Real tumours do not 
bother with these precautions and it 
might be expected that their mRNA 
patterns would diverge widely from 
normal. Surprisingly when mRNAs 
from HeLa cells was compared with 
those from normal cells there was very 
little difference once again suggesting 
that few new mRNA sequences were 
present in this abnormal cell. This 
result is particularly interesting as 
some clones of HeLa produce ectopic 
hCG (Lieblich et al. Nature 260, 532; 
1976; Ghosh et al. Biochem. J. 166, 
265. 1977). Whether hCG was pro- 
duced in the clone examined by 
Williams is not known (Williams, 
personal communication), but in any 
event the number of new sequences 
in HeLa cells may be rather small, 

These hybridisation experiments are 
only accurate in detecting entirely 
new mRNA transcripts. They are 
relatively insensitive to switching of 
mRNAs from low to moderate abun- 
dance classes. In other words, some 
mRNAs that are present in only a 


Nature Vol. 269 27 October 1977 


few copies in normal cells may be 
present in tenfold greater amounts in 
transformed cells (and vice versa) and 
this would not be picked up. Viral 
transformation is known to affect the 
levels of mRNA for host proteins such 
as LETS and collagen (Adams et al. 
Proc. natn. Acad. Sci. U.S.A. 74, 
3399; 1977) and it would be surprising 
if-other mRNAs remained unaltered. 


Protein changes 
Many experiments suggest a close 
relationship between the amount of 
mRNA and the amount of protein 
produced, so one indirect way to 
detect alterations in the levels of 
mRNA species is to examine the 
spectrum of proteins produced by 
normal and transformed. cells by 2-D 
electrophoresis. There are relatively 
few differences in freshly transforméd 
cells but when cells have been in 
culture for some time the differences 
are remarkable. Examination of the 
proteins from established lines of 3T3 
cells, or 3T3 cells transformed with 
SV40 (DNA virus) or Kirsten sarcoma 
virus (RNA virus) revealed that 
although both transformed cell lines 
were similar to each other they differed 
from their untransformed counterparts 
in that around 30% of the proteins 
detectable in the transformed cells 
were not detected in untransformed 
cells (Strand & August Proc. natn. 
Acad. Sci. U.S.A. 14, 2729; 1977). 
Many of these ‘new’ proteins may 
not be new at all but represent 
increases in protein that. were below 


the level of detection in untransformed 
cells. Also some of these ‘new’ species 
may result from different patterns of 
glycosylation and other modifications 
in transformed cells which would alter 
the electrophoretic mobility of pre- 
existing proteins. Still other proteins 
may be induced because of differences 
in the utilisation of the culture medium 
by transformed and untransformed 
cells (Shill et al. Proc. natn. Acad. Sci. 
U.S.A, 74, 3840; 1977). Nevertheless, 
the results show that these cells differ 
widely in the relative amounts of 
different protein produced and by 
inference in the relative amounts of 
many abundant mRNAs. If one can 
extrapolate from the experience with 
human cells (Williams op. cit.) (where 
few new abundant mRNAs were 
detected) it seems likely that the 
differing patterns of gene expression in 
normal and transformed cells may be 
due more to modulation of pre-existing 
mRNA sequences than introduction of 
new genes by oncogenic viruses or 
the derepression of pre-existing genes. 

Whether this is generally true or not 
must await the preparation of cDNA 
probes to large numbers of different 
messages so that specific mRNA levels 
can be monitored directly after trans- 
formation and during evolution in cell 
culture. Perhaps a good way to start 
would be to prepare probes specific for 
ectopically produced proteins to see if 
mRNAs for these proteins are always 
present in normal cells (as the data of 
Yoshimoto er al. op. cit. might suggest) 
or whether these genes are really 
derepressed in tumour cells. a 


What price free quarks? 


from F. E. Close 


ALTHOUGH the concept of quarks 
as basic constituents of matter is almost 
universally accepted no evidence for 
isolated quarks has yet stood the test 
of time. However, interest in the 
search for ‘free’ quarks was heightened 
recently in the light of reports of new 
measurements of e, the magnitude of 
the element of electric charge, using 
variations of the Milikan oil drop 
technique (La Rue et al. Phys. Rey. 
Lett. 38, 1011; 1977; Gallinari et al. 
Phys. Rev. Lett. 38, 1255; 1977; 
Bland et al. Phys. Rev. Lett. 39, 369; 
1977). Quarks are widely believed to 
have fractional electric charge (2/3 
or 1/3 of a proton’s charge) and if 
they’ can exist as free particles then 
this property would make them easily 
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recognisable; hence the interest in the 
above experiments. 


Measurements of e 

In advance of Millikan, Ehrenhaft and 
others (refs in Millikan Phys. Rev. 32, 
349; 1911) had deduced the magnitude 
of the elementary charge from the 
average behaviour of charged particle 
swarms in electric and gravitational 
fields. Millikan appears to have been 
the first person to make a measure- 
ment by studying a single charged 
carrier, and the result quoted in his 
1917 paper (Phil. Mag. 34 No. 199, 
July 1917) is within 1% of that ac- 
cepted today. Every physics student 
has met the ideas behind this experi- 
ment whose essential feature is that 
extremely small drops of oil (~10"" g) 
are observed in an electric field; an 
accurate determination of the charge 
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then being made by comparing the 
rate of the drops’ fall under gravity 
with the rise when an electric field 
is superimposed. 

Millikan’s original work involved 
studies of droplets of water or alcohol. 
On page 220 of his article in the Philo- 
sophical Magazine of February, 1910 
he notes ‘I have discarded one un- 
certain and unduplicated observation 
apparently upon a singly charged drop 
which gave a value of the charge... 
some 30% lower than the final value 
of e. 

This observation was remembered 
by many people recently when possible 
evidence for fractional charge was 
reported in the literature (La Rue 
et al. op. cit.). However the probable. 
cause of Millikan’s anomalous result 
is given by him only two paragraphs 
later in his paper: singly charged 
drops were so small that they evap- 
orated rapidly during observation, 
hence a poor value of e was obtained. 
To avoid this evaporation problem 
Millikan ‘ . . . replaced the droplet 
of water or alcohol by one of oil, 
mercury or some other non-volatile 
substance . (Phys. Rev. 32, 
351; 1911). Never again did he sée 
a fractional charge and one can safely 
conclude that evaporation was indeed 
the source of his spurious result. 

If one intends to mount a search 
for quarks, whose occurrence as išo- 
lated particles sitting in lumps of 


matter is at best extremely rare, then |... 


one will want to study as much ma- 
terial as possible. The Millikan pro- 
cedure is fine for very small drops 
where air friction can be used as a 
gauge for measuring the small forces 
on a charge in an electrical field. To 
study drops with masses of order 107*- 
10°°g an alternative technique is re- 


quired. Hence studies turned to levita- ` 


tion of ferromagnetic or diamagnetic 
and superconducting materials by 
applying external fields. As an example 
of these experiments one can cite Gal- 
linaro and Morpurgo (Phys. Lett. 23, 
609; 1966) who find no evidence for 
fractional charge in an experiment 
where more than 10°°¢ of graphite 
were studied in a magnetic levitation 
spectrometer. : 

Possible evidence for fractional 
charge on a ferromagnetic material 
appeared in an experiment where 
twelve steel balls of 0.2 mm diameter 
were suspended in turn in a magnetic 
field. An electric field of 3,000 Vem™ 
was then applied and the charge on 
the ball deduced. Of the 12 balls 10(!) 
had charges consistent with +1/3e 
and only one was consistent with in- 
tegral charge. However, the authors 
(Garris & Ziock Nucl. Inst. Meth. 117, 
467; 1974) noted a source of sys- 
tematic error, namely that due to 
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crystal structure and impurities metal 
surfaces are not equipotential surfaces. 
These ‘patch effects’ cause the potential 
of the metal surface to vary by 50 to 
100mV from place to place hence 
inducing a field gradient which can 
act on dipole moments induced in the 
balls by the applied electrical field. 
Reinserting several of the balls four 
months later the deduced charges had 
altered by as much as 0.45e showing 
that there is a long term change in 
the patch effect. The authors note 
that time-dependent changes in the 
patch effect could have caused a 
spread in the observed charge covering 
the measured range and so one cannot 
conclude that this experiment provides 
positive evidence for fractional charge. 

Recent excitement was generated by 
reports of evidence for fractional 
charges on superconducting niobium 
(La Rue et al. op. cit.). Eight niobium 
balls each of mass ~107g were levi- 
tated in turn in a magnetic field. The 
charge on a ball can be changed at 
will by B* or B° emitters adding posi- 
tive or negative units of electronic 
charge to the ball. By studying the 
oscillations of a ball in the field the 
total force on the ball is deduced. 
The experimental problem which is 
crucial to interpreting the results is 
to decide the extent to which dipole 
forces might mimic a charge. Much of 
the paper is devoted to discussing these 
effects. The conclusion is that five 
niobium balls heated on a niobium 
substrate had charges compatible with 
zero whereas three balls heated on 
a tungsten substrate had charges of 
(+0.337+0.009)e,  (—0.001 + 0.025)e, 
(~0.331+0.070)e which, if genuine 
charge effects, are remarkably con- 
sistent with quark expectations. 

If correct, it has been suggested that 
the earlier failures to find quarks might 
be understood if isolated quarks had 
some preference for existing on heavy 
nuclei. This does not seem to be borne 
out however as Bland and coworkers 
(op. cit.) have recently suspended tung- 
sten particles in an electric field. A 
radioactive source can change the 
charge on a particle and the new elec- 
tric field that balances the ball against 
gravity is determined. Sixty-nine balls 
were studied and no evidence for 
fractional charge on a ball was found. 
Over 10” atoms of tungsten have been 
studied in this experiment and the 
authors plan to extend their study to 
other heavy elements. 

Another null result has recently been 
reported by Gallinaro et al. (op. cit. 
1977). These authors studied iron balls 
of masses ~10°'g each and find no 
evidence for isolated quarks in over 
10” nucleons. 

Ironically the observation of an iso- 
lated fractionally charged quark would 


now cause more turmoil to theorists 
than its non-observation even though 
all are convinced that the quark concept 
is correct. Much effort is being devoted 
to see whether quarks can theoretically 
be confined inside hadrons in groups 
of three or as quark—antiquark pairs 
since these are what seem to be the 
rules in Nature. 


A fifth quark, but no quarks 

A recent discovery is that of a new 
particle, the upsilon (see News and 
Views 268, 297; 1977), which provides 
the first evidence for a possible fifth 
flavour of quark. The upsilon has 


Nature Vol. 269 27 October 1977 


similar metastability to the # (News 
and Views 257, 535; 1975) but is 
approximately three times as massive 
(the Y discovery in 1974 provided the 
first clear evidence for the existence 
of the fourth flavour—the charmed 
quark). It seems that the upsilon is 
a bound state of a new quark and 
its antiquark in analogy to the % being 
a bound state of a charmed quark 
and charmed antiquark. 

Hence we have now evidence for 
five types (or flavours) of quark, yet 
the intensified search for an isolated 
quark reveals no sign of one. The 
quark paradox continues to deepen. [I 


Rapid RNA sequencing 


from Maria Szekeley 


1977 has proved a fruitful year for 
nucleic acid sequencing. After the 
outstanding results with DNA achieved 
with new methods which shorten the 
time required for sequencing from 
years to weeks, these new principles 
have now been introduced to the 
temporarily neglected field of RNA 
sequence determination. 

Several new developments have been 
reported at the same time. An RNA 
sequencing method based on the same 
principles as Maxam and Gilbert’s 
DNA sequencing technique has been 
worked out simultaneously by Donis- 
Keller, Maxam and Gilbert (Nucleic 
Acids Res. 4, 2527; 1977) and by 
Brownlee’s group in Cambridge 
(Simoncsits et al. (See this issue of 
Nature, page 833). This is also a rapid 
gel sequencing technique in which 
RNA fragments all ending at a given 
base are fractionated according to size 
so that the positions of this base in the 
RNA sequence can be read off the gel 
electrophoretic pattern. There is some 
difficulty involved in the production of 
these fragments from RNA. Splitting 
by base-specific endonucleases is used 
in place of the chemical reactions used 
for DNA. Although specific cleavages 
at purine residues are easy to achieve 
(RNase T; is specific for G, RNase U: 
for A in appropriate conditions), there 
are no enzymes available which split 
only at C or only at U residues. 
Simoncsits et al., overcome this diffi- 
culty by using pancreatic RNase and 
RNase I from Physarum polycephalum. 
The former cleaves at C and U, the 
latter at A, G and U. By comparing the 
patterns obtained from the four en- 
zymic digests it is therefore possible 
to deduce the positions of all four 
nucleotides, although with not quite 
100% accuracy. The method may be 
improved; at its present stage the 
sequences obtained still need some 


further confirmation. But it is rapid, 
sensitive and widely applicable and 
thus represents a very important new 
approach in RNA sequencing. 

The other highly efficient gel sequen- 
cing technique—Sanger’s plus and 
minus method (See News and Views, 
267, 104; 1977) has also been adapted 
to RNA by Brownlee and Cartwright 
(J. molec. Biol. 114, 93; 1977) and has 
been successfully applied to three 
eukaryotic messengers: ovalbumin, 
globin and immunoglobulin mRNAs. 
The principle is the same in DNA and 
RNA sequencing, but different enzymes 
are used. cDNA is synthesised on the 
RNA template by reverse transcriptase 
and the same enzyme is used in the 
minus systems to extend these DNA 
fragments. Degradation of the DNA 
fragments in the plus systems is 
achieved by making use of a hitherto 
unknown property of DNA polymerase 
I: in the presence of Mn** ions this 
enzyme shows 4a 3’-exonuclease 
activity towards the DNA strand of a 
DNA: RNA hybrid. 

There are still some difficulties: inter- 
ference by RNase activity of reverse 
transcriptase, anomalies in copying 
regions of the template where long 
hairpin loops are present. Ambiguities 
could, however, be corrected and the 
above anomalies even proved useful in 
some cases to locate hairpin loops in the 
RNA. The accuracy of the technique 
is not always perfect, occasional arte- 
facts may cause minor mistakes, as is 
the case also with Sanger’s technique. 
The sequences obtained should there- 
fore be confirmed by other sequencing 
methods. Still, the possibility of work- 
ing out a 200-residue long sequence in 
one experiment, to at least 90 to 95% 
precision is a development which will 


greatly accelerate studies on RNA 
structure. 
It is predictable that progress 


se 
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will be fastest in the study of 
eukaryotic messengers, not only be- 
cause these molecules are at the 
centre of interest, but also because 
Brownlee’s method is especially suitable 
for messenger RNA sequencing. 
Reverse transcriptase requires a primer 
to synthesise cDNA. This is perhaps the 
only drawback of the method, as the 
synthesis of oligonucleotide primers is 
time-consuming and presupposes some 
knowledge of the RNA sequence. But 
the poly(A) tail of eukaryotic mRNAs 
facilitates this task: a 10-residue long 
oligo(dT) or more suitably an oligo(dT) 
to which two nucleotides, complemen- 
tary to the 3’ terminal dinucleotide of 
the mRNA, are attached, can anneal 
to the beginning of the poly(A) tail and 
enable the reverse transcriptase to start 
copying the mRNA exactly from the 
3’ terminus. Brownlee and Cartwright 
worked out in this way a 172-nucleotide 
long sequence from the 3’ terminus of 
ovalbumin mRNA. Although they had 
to use 13 gels to find the best conditions 
and to correct the ambiguities, the 
sequence of the major part could be 
read off a single gel. 

The most interesting recent result of 
the rapid gel sequencing techniques is 
the completion of the nucleotide 
sequence of a eukaryotic messenger: 
rabbit B-globin mRNA. The structure 
of this RNA species has attracted keen 
interest since the isolation of the first 
pure mRNA. The first attempt to 
determine the nucleotide sequence of 
globin mRNA was made years ago and 
since then practically all sequencing 
techniques have been applied to this 
RNA at one stage or another to eluci- 
date some part of its structure. Pro- 
gress was initially rather slow: the 
classical techniques had only limited 
application to large molecules which 
could not be labelled in vivo. Copying 
techniques were introduced; in dif- 
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THE rabbit globin mRNA sequence 
differs in various respects from the 
known nucleotide sequences of pro- 
karyotic messengers. The latter con- 
tain a purine-rich tract near the 
initiation site, about 10 nucleotides 
towards the 5’ end, which can form 
several base pairs with a pyrimidine- 
rich region at the 3’ end of bacterial 


16S RNA. No stable base-pairing is 
indicated between the 5’ non-coding 
sequence of globin mRNA. A possible 
site for interaction of these RNAs 


was found around the initiation 
codon: here 6 base pairs could be 
formed. This, however, would imply 
that the initiator tRNA and the ribo- 
somal RNA compete for the same 


ferent laboratories different enzymes 
were used to produce highly labelled 
complementary strands to mRNA 
which could be subjected to finger- 
print analysis. In Cambridge, Proudfoot 
and Brownlee synthesised cDNA from 
globin mRNA with the aid of DNA 
polymerase I (Nature 252, 356; 1974; 
J. molec. Biol. 107, 491; 1976). At 
Harvard and Yale, Forget et al. (Proc. 
natn. Acad. Sci. U.S.A. 72, 3614; 1975) 
and Marrotta et al., (Progr. Nucl. Acid 
Res. molec. Biol. 19, 165; 1976) applied 
a double transcription procedure, using 
reverse transcriptase on globin mRNA 
to obtain a cDNA transcript which in 
turn was copied into cRNA with 
Escherichia coli RNA _ polymerase. 
Salser’s group at the University of 
California followed similar principles, 
sequencing parts of the cDNA and 
parts of the CRNA (Progr. Nucl. Acid 
Res. molec. Biol. 19, 177; 1976). Lock- 
ard and RajBhandary at Massachusetts 
Institute of Technology used the 
‘wandering spot’ procedure to deter- 
mine the 5’-terminal capped structure 
(Cell 9, 747; 1976). As a result of these 
different approaches major parts of the 
primary structures of rabbit globin and 
human globin mRNAs have been 
established. 

In the April issue of Cell the long- 
awaited complete sequence of this 
mRNA has been published. Baralle 
(Cell 10, 549; 1977) and Proudfoot (page 
559) describe the 5’ and 3’ noncoding 
regions, respectively, applying the rapid 
gel sequencing technique of Brownlee 
and Cartwright. At the same time, 
Efstratiadis, Kafatos and Maniatis, 
using the gel sequencing technique of 
Maxam and Gilbert, determined the 
nucleotide sequence of their synthetic 
globin gene and thus also derived in- 
directly the sequence of globin mRNA 
(page 571). They present a 576-nucleo- 
tide long sequence almost complete in 
itself. The perfect agreement of this 
sequence with partial information 
available on the mRNA structure and 


sequence in the mRNA. 

The 53-nucleotide long non-coding 
sequence at the 5S’ end does not 
suggest formation of stable hairpin 
loops, but may allow base pairing 
with a stretch in the 3’ noncoding 
region. A secondary structure which 
brings together the 5’ and 3’ ends of 
mRNA may be relevant to the con- 
trol functions of the untranslated 
regions. 

The 3° noncoding region is 95 
nucleotides long. It shows extensive 
homology with the human f-globin 
mRNA. The human sequence has, 
however, an addition of 39 nucleo- 
tides which may have arisen by gene 
duplication. 
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with the amino acid sequence of the 
protein proves that genes produced by 
in vitro transcription of mRNA and 
cloning of the double-stranded DNA 
product are faithful copies. 0 


Poland’s 
‘fifth problem’ 


from 1. J. Smalley 


Tue Polish government has defined 
nine major problems which are to. be 
investigated by the country’s scientists 
and engineers. These include such basic 
topics as developing a national elec- 
tronics industry, finding a cure for 


cancer and tackling the difficult prob- 


lem of water supply in a country with 
only one major river system. The fifth 
problem is housing-——trying to find ways 
of overcoming the shortage of housing 
units in Poland. Such was the destruc- 
tion caused in Poland during the Second 
World War that the housing balance 
has still not been restored. 

Within project 5 perhaps the most 
urgent need is to find alternative 
sources of building materials, and this = 
is closely followed by a need to improve 
the organisation of the building indus- 
try. The modern building material is’. 
concrete and for general purpose con- 
struction there is no real alternative. 
In a normal concrete only about 25% 
of the volume is occupied by -thë 
cement paste while the remaining 75% 
is occupied by inert space filling aggre- 
gate—and Poland is very short of 
aggregate. 

Various approaches to the building 
material problem are being tried out at 
the Technical University in Warsaw. 
A. Degler is attempting to produce 
aggregates from pulverised fuel :ash 
(PFA). Poland’s_ coal-fired power 
stations (like those in the UK and 
USA) produce vast quantities of PFA... 
and although some of this can be used» 
as a pozzolanic cement substitute’ it 
would be best to convert it into. aggre- 
gate. Degler’s investigations on pellet- 
ting and extrusion processes have 
shown that it is possible—but there are 
delays in designing and constructing the 
necessary industrial capacity for the 
actual production. One of the nine 
major problems is that of environ- 
mental protection, so that if ways of 
using waste as aggregate can be found, 
two of the major problems will be 
alleviated. 

Halina Badowska at the Technical 
University is attempting to find ways of 
utilising waste material from fertiliser - 
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production to make building blocks. 
Gypsum is the critical raw material 
and blocks using a form of gypsum 
cement and a polystyrene filler have 
been produced. A complex programme 
is also under way to develop resin 
materials as cements. There is in fact 
quite a severe shortage of Portland 
type cement in Poland although ironi- 
cally enough Polish cement is exported. 
The need for foreign exchange is 
deemed greater than the need for 
cement. 

G. Chrabczynski has been particu- 
larly concerned with the production of 
cement building units in which the 
hydration is accelerated by heating. 
This is often done under pressure in an 
autoclave but Chrabczynski has suc- 
cessfully developed methods which do 
not need the slow and expensive auto- 
clave stage. Concrete railway sleepers 
with adequate strengths have been pro- 
duced using much less cement than 
normal. Success, however, has been at 
the pilot plant level. There remains the 
difficult problem of organising factory 
production of the new items. Research 
is going on in Chrabczynski’s section 
on organisation and management at all 
levels in the prefabricated building 


block industry. and it seems that, unless 
the persistent organisational problems 
are solved, the technical advances made 
in the laboratories will not benefit those 
who need project 5 to succeed. 

It is ironic and regrettable that the 
new showpiece hotels in Warsaw have 
had to be built by Swedish contractors. 
These are certainly impressive buildings 
but it is a pity that desperately-needed 
foreign exchange had to be used to 
build hotels to give foreign businessmen 
and tourists the opportunity of return- 
ing the money to Poland. Project 5 is 
paradoxical in many ways. The popu- 
lation has recently passed 34 million— 
a level it reached for the first time just 
before the war, so that the colossal 
population losses have been replaced 
but the housing stock lags. Should 
family apartments have absolute 
priority or should the national con- 
struction industy be used to stimulate 
overseas trade? Major economic de- 
cisions will affect project 5: it is to be 
hoped that they will not have too 
adverse an effect. The ‘fifth problem’ 
does not have the scientific glamour of 
a possible cure for cancer but the 
Polish people would welcome its 
solution. g 


New calculation of the nucleon 


optical potential 
from P. E. Hodgson 


Tae differential cross section and 
polarisation for the elastic scattering of 
nucleons by nuclei can be very well 
described by a complex potential: the 
real part refracts the incident waves 
and the imaginary part absorbs them, 
just as a light wave is refracted and 
absorbed by a medium of complex re- 
fractive index. The absorbing potential 
takes account in a global way of all 
the reactions that remove flux from the 
elastic channel. 

Unfortunately the potential describ- 
ing the scattering is not unique: it is 
frequently possible to find several dif- 
ferent potentials that fit the same data. 
This is unsatisfactory because these 
potentials give different wavefunctions, 
and unless we know which is correct 
it cannot be safely used to calculate 
the cross sections of non-elastic pro- 
cesses such as inelastic scattering and 
nucleon transfer reactions. 

In principle the ambiguities between 
the potentials can be resolved by cal- 
culating the potential from more 
fundamental data, in particular from 
the nucleon—nucleon interaction, 





P, E. Hodgson is a lecturer in Nuclear 
Physics in the University of Oxford. 


together with the structure of the target 
nucleus. In practice, however, this is 
difficult due to the many-body nature 
of the problem. 

Over the past few years there have 
been many attempts to calculate the 
optical model potential. These differ in 
the choice of approximations made to 
simplify the calculations and they give 
results in fair agreement with the ex- 
perimental data. Particularly encourag- 
ing work has been carried out by 
Jeukenne, Lejeune and Mahaux of the 
University of Liège, who have been 
able to account for the volume integrals 
of the optical potentials (Nature 253, 
163; 1975). 

-Recently a new approach to this 
problem has been made by Brieva 
and Rook of the University of 
Oxford, and some preliminary results 
were reported at the Conference on 
Nuclear Structure at Tokyo in Sep- 
tember. They start from the Hamada- 
Johnston potential that gives an 
accurate fit to the nucleon-nucleon 
scattering data, and then solve the 
Bethe-Goldstone equation for the 
motion of nucleons in infinite nuclear 
matter subject to this potential. This 
gives a quantity called an averaged 
t-matrix that is used to obtain the 
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optical potential by folding with the 
nuclear density distribution, using 


V = fpr) ir-ri) dr’ 


with addition of exchange terms. ; 

In this calculation the approxi- 
mations were carefully chosen to facili- 
tate the calculation without too much 
loss in accuracy. It differs from most 
previous work in giving both the real 
and imaginary parts of the optical 
potential, and allows the radically- 
dependent t-matrix to be non-local and 
energy-dependent. The spin-orbit poten- 
tial is also calculated and is found to 
be very similar to the phenomenological 
spin-orbit potential. 

The optical potential they calculated 
for “Ca is shown in Fig. 1 and com- 
pared with the phenomenological 
potential that gives the best fit to the 
differential scattering and polarisation 
data. It is particularly notable that the 
calculated real potential does not have 
the same radial shape as the phenom- 
enological Saxon-Woods form. This 
indicates that this very frequently-used 
analytical form of the potential may 
not always be adequate. The calculated 
imaginary potential shows considerable 
structure, partly due to the form of the 
nuclear density distribution and partly 
due to the self-consistency requirement 
imposed on the potential. The differ- 
ential cross section and polarisation 
calculated from these potentials are 
shown in Fig. 2. The agreement is 
strikingly good, indicating that it is now 
possible to calculate optical model 
potentials that give fits to the data that 
are comparable in quality to those 
found with phenomenological poten- 
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pared with optical model calculations 
using the calculated potential. 


tials with many adjustable parameters. 
In some respects they are even superior 
as they can give features of the cross 
sections that cannot be explained by 
phenomenological potentials. 

This work is very promising, and 
needs to be extended and applied to a 
range of nuclei to enable its validity 
to be explored. It should also prove 
possible to extend the method to the 
calculation of the optical potentials 
appropriate to composite particles such 
as deuterons and alpha particles, and 
perhaps also to heavy ions. The avail- 
ability of optical potentials that can be 
reliably calculated from fundamental 
data instead of being obtained by 
phenomenological analyses of elastic 
scattering data will be of the greatest 
value in nuclear structure studies. © 





A hundred years ago 


THE question has been discussed of 
late whether the ancient Greeks had 
an acute and true sense of colour. I 
remember once to have seen the remark 
that Sophocles shows his want of 
colour-sense by speaking of wine- 
coloured ivy. Now this really shows 
how true his perception of colour was. 
I enclose two ivy leaves which I have 
gathered to-day off a wall: I could have 
gathered plenty of the same colour, 
which, as you see, is claret colour. 

Josepu Jons Mureny 

Old Forge, Dunmurry, 

co. Antrim, October 21 
From Nature 16, 25 October, 551; 1877. 


crenata S. 


Modulation of 
hormone receptors 


from J. R. Tata 


Ir is now widely accepted that 
receptors for hormones and other cellu- 
lar signals, whether located on the 
cell’s surface or intracellular, turn over 
rapidly so that the modulation of 
receptor level can be an important 
element regulating a cells activity. 
About two years ago an account of the 
first reports on the possibility that some 
hormones themselves may control the 
levels of their own receptors or re- 
ceptors for other hormones appeared in 
these columns (News and Views 257, 
741; 1975). Whereas autoregulation of 
hormonal receptors is still a matter of 
some controversy, many investigators 
now accept that one hormone can 
regulate the level of receptor for an- 
other. In some instances it is hard to 
see the physiological relevance of such 
interplay among hormones but a recent 
paper suggests that it may be of clinical 
significance. 

Endocrinologists and cardiologists 
have for long been aware of the tachy- 
cardia accompanying hyperthyroidism 
or thyrotoxicosis and that cardiac func- 
tion in such patients was abnormally 
sensitive to small changes in adrenaline 
levels. Williams er al. (J. biol. Chem. 
252, 2787; 1977) now explain this well- 
known syndrome by suggesting that 
thyroid hormones regulate the number 
of adrenergic receptor molecules in 
cardiac cells. In a carefully designed 
experiment they used the binding of 
the potent B-adrenergic antagonist (—)- 
dihydroalprenolol, to compare the 
number and affinity of f-adrenergic 
receptors in membranes isolated from 
myocardium of normal rats and 
animals made hyperthyroid by injec- 
tions of the two thyroid hormones, L- 
thyroxine and triiodo-1-thyronine. 
Within 3-7 days, this treatment caused 
an increase in the binding capacity of 
cardiac membranes from 89fmol of 
(—)-“H-dihydroalprenolol per mg pro- 
tein in normal (euthyroid) rats to 
196 fmol per mg protein. On the other 
hand, there was no difference in the 
affinity of the receptor for dihydroal- 
prenolol or the -adrenergic agonist 
isoproterenol (Kp at equilibrium of 
2-I15nM_ dihydroalprenolol) between 
membrane preparations from euthyroid 
and hyperthyroid animals. Williams 
et al. therefore conclude that thyroid 
hormones control the number but not 
the nature of B-adrenergic receptors in 
myocardial cells. This would explain 
the tachycardia and increased myo- 
cardial contractility in clinical hyper- 
thyroidism. Their observations would 
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also explain an earlier report that cul- 
tured foetal mouse hearts were 
rendered more sensitive by triiodo- 
thyronine to the chronotropic effect of 
B-adrenergic receptor stimulation (Wid- 
enthal J. Pharmacol. exp. Therap. 1%, 
272; 1974). If the same were true of 
other cells, then these findings could 
also explain skeletal muscle tremor or 
the enhanced rate of glycogenolysis 
and dipolysis in hyperthyroid subjects 
or experimental animals. 

Are the observations of Williams er 
al, merely a peculiarity of thyroid hor- 
mones or are they part of a general 
pattern of an interhormonal regulatory 
device? Several recent publications 
point to the latter possibility. Such 
evidence comes mainly from studies on 
the interaction between hormones re- 
gulating reproductive processes which 
are known to be under multiple hor- 
monal control. To cite but a few 
examples, Charreau et al. (Molec. Cell 
Endocrinol. 7, 1; 1977) have put for- 
ward a novel explanation why an- 
drogen, which like other steroids is not 
thought to act on adenylate cyclase, 
causes an increase in cyclic AMP levels 
in the rat prostate. These workers 
found that dihydrotestosterone (the 
active form of testosterone in target 
cells) increases the number of receptors 
for prolactin, a hormone known to in- 
fluence male sexual development and 
to have a marked effect on adenylate 
cyclase in other tissues such as the 
mammary gland. Any interpretation of 
long-term studies of this kind in whole 
animals suffers from the drawback that 
one may not be measuring direct 
effects of hormones on receptor levels. 
For this reason, the demonstration that 
FSH (follicle stimulating hormone) in- 
duced receptors for hCG (human 
chorionic gonadotropin) directly in 
vitro in rat granulosa cells (Nimrod et 
al. Nature 267, 632; 1977) is significant. 
Hormonal interplay can of course 
operate in both directions, namely that 
one hormone can also dampen the sen- 
sitivity of a cell to another. Thus, it is 
interesting to note a recent report by 
Bhakoo and Katzenellenbogen (Molec. 
Cell Endocrinol. 8, 121; 1977) in which 
progesterone is shown to suppress the 
synthesis of oestrogen receptor mole- 
cules in the uterus. The resulting sup- 
pression of the replenishment of re- 
ceptor molecules would thus explain 
the lowered uterine sensitivity to 
oestrogen that is known to be pro- 
voked by progesterone. 

It is not difficult to predict that we 
shall be seeing many more examples of 
hormonal modulation of hormone re- 
ceptors, particularly in reproductive 
tissues, mammary gland and the neuro- 
endocrine complex, where multiple 
hormones are involved in the regula- 
tion of their development or adult 
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functions. The quéstion then arises as 
to whether modulation of receptor 
levels is restricted to interhormonal 
regulation or whether this phenom- 
enon is even more widespread. 
Raff (News and Views 259, 265; 
1976) has reviewed the general 
topic of regulation of receptors, 
particularly where it concerns im- 
munological sensitivity and lymphocyte 
maturation. A recent paper from 
Munck’s group (Smith et al. Nature 
267, 523; 1977) is therefore significant 
in this context since it suggests that 
non-hormonal signals could also modu- 
late hormone receptors. These workers 
studied glucocorticoid receptors during 
mitogen (concanavalin A) stimulation 
of human lymphocytes and noted that 
blast transformation and mitosis is 
associated with a striking increase in 
the number but not nature of receptor 
sites per cell. How such a modulation 
of receptor numbers is brought about 
remains unknown, but their observa- 
tions explain quite nicely the increased 
sensitivity to glucocorticoid hormones 
known to be brought about by mito- 
genic stimulation of lymphocytes and 
may also be relevant to the general 
question of how steroid hormones 
control the immune response. Cc] 


Pollen analysis 
at INQUA 


from Paul Colinvaux 





The X INQUA Congress was held 
in August, 1977 at the University of 
Birmingham. Pollen analysis was 


one of the many topics bearing on 
Quaternary research that were dis- 
cussed, 





For most of its existence, pollen analy- 
sis has been a tool of other disciplines, 
being used to age strata, to supply 
the temperatures of past times, to serve 
phytosociologists as they mapped the 
supposed movements of plant associa- 
tions through millennia. 

Time stratigraphy is now provided by 
Quaternary geology and isotope chem- 
istry. Oceanic sediments now provide 
maps of past global climates. The press 
of contemporary ecological theory is to 
question strongly the validity of many 
former ideas about the integrity of 
plant communities. These develop- 
ments allow pollen analysis to be used 
in more exhilarating ways, and the new 
ways are now taking hold. 

One group of pollen analysts is 
interested in the ancestry of the 
remarkable complexity of the decid- 
uous forests of Eastern North America. 
For several years this school has been 
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growing more confident in its insistence 
that the forest associations of Eastern 
America are comparatively recent 
assemblages of plants without the 
integrity; or persistence as communi- 
ties, required by classical plant soci- 
ology. This school has used the pollen 
record to infer the responses of plant 
populations to known climatic change, 
borrowing climatic data from other 
disciplines. At the conference these 
analysts were confident that their case 
is made. Pollen analysis shows that 
plant associations beyond the front of 
the Wisconsin ice were different from 
all the associations we know today; 
and the tundras, prairies, and forests 
that replaced each other on the lands 
once held by ice were always critically 
different from the modern assemblages. 

However, INQUA also saw reports of 
the refined use of pollen data to infer 
past climates. Fossil pollen assemblages 
are being compared with many surface 
samples, and the data are then being 
analysed with multivariate statistical 
techniques. It sounds like using princi- 
pal components and canonical series 
to do what was once done by eyeball 
fits, but the approach is vitally different. 
The old way was to seek modern plant 
associations that were homologous with 
past communities and to graft on to 
those past communities the climate 
under which the supposed modern 
homologue was living. The new way is 
to select from ancient pollen spectra 
only those taxa found in comparable 
numerical abundance in surface 
samples, and then to compare the 
distributions of this select array with 
distributions of the same plants in 
historic times. There is in this no dubi- 
ous assumption about the integrities 
or environmental requirements of whole 
plant communities; the only biological 
assumption is the respectable Darwinian 
one that niche requirements of each 
species do not change very much. 
Climatic reconstructions of this kind 
follow the methods that have been 
used by students of foraminifera in 
deep sea cores to reconstruct ancient 
water temperatures. INQUA saw 
several elegant papers using this 
approach. At INQUA, therefore, pol- 
len analysis was used both to refute 
the existence of permanent plant com- 
munities and to improve the resolution 
of the climatic inferences that can be 
drawn from pollen. 

All pollen analysts at INQUA drew 
comfort from the certainty that the 
oxygen isotope record of deep sea cores 
yields a chronology of the volume of 
global ice. The isotope record is not of 
ocean temperature, as was thought only 
a short while ago, but of glacial ice. It 
tells us nothing about world climate, 
other than the existence of ice itself, 
but it is a global time stratigraphy and 
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it must loosely relate to the particular 
climate of any one place. All pollen 
analysts have found themselves asking 
‘Are the local developments of vegeta- 
tion that I see in step with the curve 
defining relative ice volume?’ INQUA 
saw the first data relating isotope 
measurements to pollen in the same 
samples of offshore cores, revealing a 
gratifyingly close synchrony between 
changes in coastal forests and the 
volume of distant glaciers. A climatic 
linking mechanism is inescapable. 

There were the expected develop- 
ments in longer records and explora- 
tions in lesser-known parts of the 
world. Those with the long cores will 
look to the ice-volume curves to 
help with their time-stratigraphies 
and the first attempt of this kind to 
date long cores with the help of the 
ice volume curve was reported 
—a splendid long record from Searls 
Lake in California. The still very un- 
certain possibilities of remanent mag- 
netism are also being explored to date 
pollen records back to the postulated 
Blake Event and beyond at Japanese 
Biwa, in Alaskan Imuruk Lake, and 
for the superb section from Grande 
Pille in France. The next INQUA may 
well see some ambitious reconstruc- 
tions from these places describing the 
shufflings of plant species on single 
sites for more than 100,000 years. 

The number of pollen records from 
the rest of the world grows slowly but 
steadily. Mapping the past in the Soviet 
Union continues as pollen analysts 
follow the completed map of the 
Quaternary deposits of that vast 
country, taking particular note of 
regions where archaeologists are active. 
But in lower latitudes where we need 
to know most there is still least to 
report. From the Indo-Pacific there are 
a few scattered records but from the 
South American equator near silence, 
particularly from the Amazonian basin. 
A member of the CLIMAP team at 
INQUA was heard to remark that he 
had had to infer the Wisconsin age 
vegetation of Amazonia from a paper 
on the modern distribution of bird 
species. 

Yet in Africa there is progress, as 
papers come from Ethiopia and Chad, 
the lakes of the Rift, the dry basins of 
Sahara, and an array of stations in the 
South. But this African work shows 
how formidable are the difficulties of 
pollen analysis in tropical regions 
where the crucial species leave little 
pollen and where the species list is 
huge. As D. A. Livingstone remarked, 
deep in Tanganyka and the other lakes 
of the Rift lies a detailed history of 
the vegetation of this cradle of 
humanity since the Pliocene and 
beyond, but he despaired of seeing it 
read in his lifetime. CQ 


Nature Vol. 269 27 October 1977 


759 








review article 





Claims and accomplishm 


catastrophe theory 


Raphael S. Zahler* & Hector J. Sussmannt 


ents of applied 





Several representative attempts to apply catastrophe theory to biological and social science problems ae 


turn out on close analysis to be characterised 
erroneous consequences, and exaggerated claims 
significant contributions to biology and the socia 


y incorrect reasoning, far-fetched assumptions, 
. Catastrophe theory seems to have made no 
l sciences, and to have no advantage over other 


better-established mathematical tools which have been used to better effect. 





Emsryo.ocy, ethology, ecology, and geology; physics, 
economics, dynamics, and linguistics; prison riots, literary 
symbolism, and the Vietnam war—these are some of the 
subjects to which catastrophe theory is said to be applicable. 
Its novel mathematical apparatus seems to be a near-universal 
tool, according to its proponents: “Properly understood and 
exploited, this ever-expanding web of concepts promises man- 
kind a unique weapon against ignorance and a profound 
insight into the universe”, 

We disagree. And because we feel that the many researchers 
now being attracted to catastrophe theory stand to gain nothing 
but disappointment and wasted time, we have written a critical 
study of applied catastrophe theory?. Our conclusion is that 
the claims made for the theory are greatly exaggerated and that 
its accomplishments, at least in the biological and social 
sciences, are insignificant. 

This is because catastrophe theorists have misused the basic 
mathematics in ways that lead to incorrect reasoning; they 
have offered models which are based on unreasonable assump- 
tions and which lead to erroneous conclusions; and they have 
made predictions which are either vacuous, tautologous, vague 
or impossible to test experimentally. We do not say that 
catastrophe theory cannot possibly be applied. There may be 
legitimate uses in areas of physics and engineering, and some 
have suggested that the use of topological methods will be 
conceptually stimulating to researchers. So far, however, its 
record is poor. 

We stress that we are not discussing the correctness or 
importance of catastrophe theory as a purely mathematical 
subject: we are sceptical only about its usefulness as a tool for 
extramathematical applications. We present this critical picture 
because we are excited about the prospect of new applications 
of mathematics, and concerned that many will be disenchanted 
with all of modern mathematics when they discover, as we 
have, that catastrophe theory is a blind alley. 

This article is organised round a list of ten main kinds of 
defect found in catastrophe theory models in biology and social 
science. Each is illustrated briefly by one or two examples. For 
more detail, the reader should consult our longer paper?. We 
are grateful for the advice of R. FitzHugh, J. C. Scanlon, 
H. Othmer, C. S. Hui, B. Goodwin, J. Sturtevant, G. Velicelebi, 





*104 Hubinger Street, New Haven, Connecticut 06511. 

}Department of Mathematics, Butgers College, Hill Centre for 
the Mathematical Sciences, Busch Campus, New Brunswich— 
New Jersey 08903. 


S. Mabrey, J. F. Chlebowski, E. S. Crelin, J. F. G. Auchmuty, 
N. Van Arkel whose comments have been of great help in the 
preparation of this paper. 


The cusp catastrophe 


Most applied catastrophe theory is based on the ‘cusp catas 
strophe’ (Fig. 1). In this picture, the horizontal plane represents 
the possible values of two control parameters a and b, and the 
behaviour of the system is plotted on the vertical x-axis. For 
example, suppose we place a globular protein in solution and 
study its denaturation in terms of the concentration a of a 
denaturant and the temperature b. The extent of denaturation 
Xo (as measured by the negative of the optical rotatory dis- 
persion) as a function of denaturant concentration do and 
temperature by can be plotted as a point in the vertical line 
through (ao, bo); all such points form the curved ‘cusp’ surface 
shown, according to Kozak and Benham’. 

So far this is just standard analytical geometry. The alert 
reader, however, may have noticed that above each point (ao, bo) 
in the shaded region R of the control plane lie not one but 
three different points of the behaviour surface; which one 
represents the actual behaviour at (as, bo)? The answer, given 
by the delay rule, is that it depends on how (ap, by) is approached, 
As a and 6 vary continuously, x is to vary continuously in the 
cusp surface as long as possible. When continuous variation 
of x is not possible, then x is to jump to another sheet of the 
surface. For example, suppose the control parameters vary in 
such a way that the point (a, b) moves from Q; to Q, along the 
path P,, shown in Fig. 1. Initially, there is only one point in 
the cusp surface lying above each point in P,, so we follow the 
line shown from Q, towards J. Even when we pass point J the 
delay rule keeps us on the bottom sheet. But, when we reach 
point K, we must jump to K, on the upper sheet as shown. 
This is how sudden changes of behaviour in response to smooth 
changes of controls occur in catastrophe theory models. 

Why the cusp? Catastrophe theorists argue that, according 
to a “deep mathematical theorem” of René Thom, essentially 
any system where sudden changes occur and where two control 
parameters appear can be described by the cusp; it is an 
inevitable, universal paradigm. According to Kozak and 
Benham, in fact, Fig. 1 correctly predicts the denaturation 
behaviour of RNAse or collagen subject to the influence of 
temperature and CaCl, concentration. For example, following 
path P, from Q, to Qi, or P, from Q, to Q; gives a sigmoid 
curve for x, which corresponds to the appropriate experimental 
data. By distorting the cusp M somewhat (which is permissible 
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in the theory), data from other systems can be modelled, they 
say. 


Confusion about continuity 


But when we look more closely at the model, things begin to 
come apart. First of all, are the transitions from one con- 
formation to another really discontinuous jumps? The authors 
themselves admit that the experimental curves are not vertical, 
but this is only part of the problem. For a given small protein 
such as RNAse, Van’t Hoff’s relation 


AH = RT? ox 





implies that the enthalpy change AH sets a precise bound to 
how steep the temperature denaturation curve can be, even in 
a two-stage denaturation model (under the usual assumption 
that the molecules do not interact). Thus for a given protein 






x(O R D) 
a (Salt concentration) 
b (Temperature) 


Fig. 1 An example of the cusp catastrophe, as it has been used to 
model protein denaturation. 


we cannot even say that discontinuous jumps represent a 
limiting case. Now one of the main claims of catastrophe 
theory is that it is a unique way of applying mathematics to 
discontinuous phenomena. We have just seen that the reality 
of denaturation is inherently continuous; the same can be said 
for most biological situations that catastrophe theory has tried 
to model. It is therefore not surprising that most model- 
familiar to scientists are continuous. In these situations catas- 
trophe theory gives no advantages in exchange for its greater 
complexity. Furthermore, in social science models, as we will 
see below, catastrophe theory often makes the reverse mistake, 
turning an obvious dichotomy into a continuous variable. 
These continuity questions are not just mathematical fine 
points. By freely confusing the intuitive notion of ‘jump’ as a 
rapid change with the precise mathematical notion of a jump 
discontinuity, catastrophists are prone to construct false or 
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misleading arguments (see, for example, the discussion of 
embryology below). 

Our next criticism is more serious. Having plotted experi- 
mental data that correspond to the part of the cusp above the 
region R’ (Fig. 1), the authors claim that for the two-variable 
situation, “the mathematical theory states that if a change 
of morphology from one state to the other is observed”, then 
the system must be described by a cusp. And even more: “if 
one has, say, two or three representative points from the 
bifurcation set of a given denaturation experiment, it should 
be possible to construct the surface M, and thereby to predict 
the behaviour of the system for values of the constraints not 
studied experimentally”. Surely a theory that would allow a 
scientist to make two or three experimental observations on a 
laboratory system and then, with no other information or 
assumptions, deduce the behaviour of the system in all 
other conditions would be a great achievement. However, it is 
too good to be true: the authors have made serious blunders 
on at least three levels. 


Use of Thom’s theorem to justify extrapolation 


The suggestion that Thom’s theorem makes it possible to 
deduce the complete shape of a behaviour surface from some 
partial information about it ismade by E. C. Zeeman‘, the leading 
applied catastrophe theorist. (For example, “through catastrophe 
theory we can deduce the shape of the entire surface from the 
fact that the behaviour is bimodal for some control points’’.) 
However, Zeeman’s statements are false. Take, for instance, 
the surface M of the denaturation model. Mathematically, it is 
simply not true that Thom’s theorem forces M to look like 
Fig. 1. There might be many cusps or folds, and they need not 
be located at the origin nor oriented as shown. Furthermore, 
Thom’s theorem cannot be used to infer the shape of an entire 
surface from some partial knowledge of it. Quite the contrary: 
any surface is arbitrarily close to a surface which satisfies the 
conclusion of Thom’s theorem, and therefore (since all ob- 
servations have a finite error) invoking this theorem can tell us 
nothing new about behaviour. This conclusion, which applies to 
all CT models, is not really surprising: suggesting, as Zeeman 
does, that one can deduce non-trivial facts about “the shape of 
all possible equilibrium surfaces” from a theory that makes no 
physical or behavioural assumptions is tantamount to claiming 
that the world can be deduced by pure thought—a claim which 
few scientists would accept. 


Prediction contrary to fact 


Biochemically, the extension of the surface from the region R’ 
to the entire plane is not only mathematically unsupported but 
factually wrong, because it leads to implications that conflict 
with experimental data. For example, if we follow path P, in 
the right-to-left direction, we saw above that, according to the 
delay rule, this drop in temperature will cause renaturation at a 
temperature below that at which denaturation took place. But 
such hysteresis simply does not occur with collagen or RNAse, 
the systems Fig. 1 is supposed to apply to. Thus the cusp is 
not a suitable model for the denaturation of these or most other 
simple proteins. It is true that there are some large proteins 
which exhibit hysteresis, but one cannot build a general theory 
of denaturation on atypical examples. In fact, the authors’ 
attempt to extend their idea to other simple systems forces 
them to construct a model (Fig. 2) which is not even diffeo- 
morphic to a cusp (they seem not to have noticed the vertical 
line above the origin), and therefore falls outside the realm of 
catastrophe theory altogether. 


Lack of true testable predictions 

Practically, the catastrophe theory analysis, even if it were 
correct, tells us nothing. Though the authors refer to the sigmoid 
curves obtained from paths P, and P, of Fig. 1 as ‘predictions’, 
this is quite untrue; they are merely graphs of the experimental 
data. Similarly, ‘predictions’ made by Zeeman in CT studies of 
embryology’ and neurophysiology® are either (1) contained in 
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the data or (2) purely unverified hopes, or (3) independent of 
CT or (4) just wrong. 

Consider, for example, Zeeman’s studies of how homo- 
geneous tissue of an embryo differentiates into two types 
separated by a frontier, a phenomenon he calls divergence or 
differentiation’. The ‘main theorem’ of this paper is worth 
quoting in full: “Homeostasis, continuity, differentiation, and 
repeatability imply the existence of a primary wave. In other 
words a frontier forms, moves and deepens, then slows up and 
stabilises, and finally. deepens further”. 

It is hard to. imagine. what we could learn from such a breath- 
takingly vague statement, but we need not ponder this very 
long, since its proof is wrong as well. 


Misuse of genericity 

For one thing, the surface eventually chosen to model the 
cellular differentiation is not dictated by Thom’s theorem but is 
obtained by a series of arbitrary choices which are justified —if 
at all—by appealing to ‘genericity’. This mathematical concept 
is a way of excluding ‘exceptional’ or ‘degenerate’ cases. (For 
instance: ‘generically, the axes of an ellipse are not equal’ 
means that circles are an exceptional class of ellipse or, more 
intuitively, that a ‘randomly chosen ellipse’ is quite unlikely to 
be a circle.) In the course of his proof, Zeeman arbitrarily 
translates the vague word ‘repeatability’ into the precise concept 
of genericity. But then, all his theorem says is that if nothing 
exceptional happens, then the frontier moves. 


Fig. 2 Distorted cusp catastrophe; see ref. 3, Fig. 2. 


Zeeman’s ‘proof’ consists of no more than the observation 
that, if the frontier did not move, that would be quite exceptional. 
To evaluate this kind of reasoning properly, notice that the 
same logic, if correct, would apply equally well not just to 
frontiers of tissues but to anything whatsoever. So, Zeeman’s 
reasoning ‘proves’ that everything moves except for those 
exceptional objects that do not. (For details, see ref. 2 §12 a). 

Later in the same paper, Zeeman ‘proves’ that the frontier 
moves initially at constant speed. His proof is as follows: the 
frontier can be replaced initially, to first order, by its tangent, 
QED. Again, there is nothing in this reasoning that restricts 
its validity to frontiers of tissues, or to the time when the fron- 
tier forms. So Zeeman is really proving that everything moves 
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at constant velocity. But let us apply the same logic once again. 
Why not use the second degree Taylor approximation? And 
why not argue about the acceleration as Zeeman does about 
the velocity, and conclude that the acceleration is non-zero, 
because it would be exceptional if it were zero? This gives us 
the conclusion that everything moves with non-constant 
velocity. 

Finally, why can we not take the zeroth order approximation? 
The conclusion then is that nothing moves at all. i 

We see that using these methods, everything, no matter how 
absurd, can be proved. ; 

More than two thousand years ago, Zeno formulated his. 
celebrated paradox of the arrow. Consider an arrow in its 
flight. “At each instant of its flight the tip of the arrow occupies 
a definite position. At that instant the arrow cannot move, | 
for an instant has no duration. Hence, at each instant the 
arrow is at rest. Since this is true at each instant, the moving. 
arrow is always at rest. This paradox is almost startling. It 
seems to defy logic itself. °? 

The development of Calculus has resolved this paradox, 
and taught us how it is possible for things to change and, at the 
same time, be what they are at each instant. The position of the 
tip of the arrow is what it is at each time, but it is different 
at different times. Hence the arrow can have a definite position 
at each time, and not be at rest. What is true of the position 
is also true of velocity. The velocity has a value at each point, 
but this does not mean that it is constant. Zeeman, a Twentieth 
Century Zeno, is reformulating the paradox as a corollary; 
thus ignoring more than two millennia of mathematics. 

But Zeeman’s main theorem is wrong for other reasons as 
well: it is easy to show by means of counter examples that. 


Zeeman’s conclusions that the frontier does not stabilise, or 


deepen do not follow from his assumptions. When these — 
counter-examples were brought to the attention of catastrophe 


theorists, the theorem was defended by disclosing new ine 


terpretations of the terminology and the hypotheses. For). 
instance, the hypothesis of ‘differentiation’ is now taken to 
mean that after some time two different types of tissue are- 
found and no more changes occur. If so, then after some time 
the frontier no longer moves, so the frontier does indeed 
stabilise. But of course this ‘proof’ of stabilisation is trans- 
parently circular. 

In general, the hypotheses on which many catastrophe- 
theory arguments are based are often vague. When terms like 
‘differentiation’ and ‘repeatability’ are used without any precise 
translation, the correctness of the ‘proofs’ is hard to assess. 
Catastrophe theory papers consistently violate one of the most 
basic rules of the scientific method: state clearly what you mean 
and do not change definitions in the middle of your reasoning: 


Misleading use of mathematics 


The most basic criticism of Zeeman’s catastrophe theory .of 
embryology, however, is the way the mathematical foundations 
are used. Others have pointed out that the ‘deduction’ that 
differentiation will occur as a pattern of primary and secondary 
waves arises not from catastrophe theory itself but from the 
conditions assumed to exist before the primary differentiation 
process begins (for example a gradient of cell states). In. fact, 
then, most of the results of this paper, regardless of their merit, 
have nothing to do with catastrophe theory at all. 

To see why this is important, we must remind the reader of 
what catastrophe theory is and is not. First, events in which 
apparently ‘catastrophic’ changes occur are not necessarily 
‘catastrophes’ in the technical mathematical sense. Catastrophe 
theorists agree that the term ‘catastrophe’ is reserved for certain 
kinds of singularity of smooth maps, seven of which have been 
described and classified elegantly by Thom. The keystone of 
catastrophe theory, in fact, is Thom’s profound theorem. It 
is what is supposed to give catastrophe theory its deductive 
powers, because it allows one to conclude that a given situation 
must be represented by a cusp, or one of the other elementary 
catastrophes. 
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As we have illustrated, however, most catastrophe theory 
models make no use of Thom’s theorem. Thus the cusp is no 
longer inevitable or unique. 

How, then, does the cusp arise? Often, as in the embryology 
models, the cusp arose because the hypotheses were carefully 
chosen to make sure that it would. In other cases, however, 
experimental data are plotted and found to resemble a cusp*'*. 
This is not surprising: if we plot an ordinary hysteresis loop in 


Fig. 3 Hysteresis loops of decreasing size. 


two dimensions (Fig. 3a), in which fast vertical jumps alternate 
with slower horizontal movements, and then imagine a con- 
tinuum of such loops getting smaller (Fig. 3b) and finally 
vanishing to form a continuous curve (Fig. 3c), we get a surface 
resembling the cusp of Fig. 1. Thus we can regard the cusp as a 
nice way of picturing a system with variable degrees of 
hysteresis. But it is certainly not unique in this: a surface 
with a double fold whose projection was any smooth curve (a 
parabola, for example: see Fig. 4) would do as well. So we 
must ask again: what is special about a model that looks like 
a cusp? Although some have found such pictures aesthetically 
satisfying, or a source of insight, we can only state that the fact 
that certain data happen to form a cusp-like shape tells us 
nothing new about the system. 


Careless discussion of evidence 


Catastrophe theorists have asserted that there is experimental 
evidence for some of their models. For instance, Zeeman‘ 
writes, “I have constructed CT models of the heart beat, the 
nerve impulses and the formation of gastrula and of somites in 
the embryo. Recent experiments by J. Cooke and T. Elsdale 
appear to confirm some of my predictions”. The facts are as 
follows. (1) No experiments have been made to test the pre- 
dictions of Zeeman’s nerve impulse models. As for the heart- 
beat, Zeeman is said to have made experiments in 1972, but the 
results have not been published (Zeeman, personal communica- 
tion). (2) The catastrophe theory nerve impulse models disagree 
with experimental voltage-clamp data? in several important 
aspects, deny the universally accepted concepts of the sodium 
leak and the independence of sodium and potassium channels, 
and lead to the wrong propagation speed for the action potential. 
(3) Zeeman’s embryology paper®, besides being mathematically 
wrong, betrays the author’s inexperience in embryology. For 
example (p. 27), Zeeman likens the embryonic neural tube to a 
roll of stiff paper which tries to maintain its curl. But experiment 
shows that cut neural tube persistently tries to unroll?®. 
(4) T. Elsdale et al.“ write: “. . . we do not yet conclude that 
the observations here presented have confirmed Cooke and 
Zeeman’s model to the exclusion of others”. (5) J. Cooke 
(personal communication) writes: “I, at least, do not regard any 
of the predictions of the model in which I am involved as being 
deeply distinctive to catastrophe theory”. 

Stewart! repeats the untrue assertion that Zeeman’s embryo- 
logy predictions have been “recently verified by experiment”. 
Regarding the use of catastrophe theory in social sciences, 
Stewart writes: “Although most such models still lack precise 
data, an interesting exception is a study by Zeeman and several 
collaborators of how tension and alienation among prison 
inmates influence disorder. A cusp catastrophe fits the data 
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very well, the sudden jumps being riots and truces”. In fact, 
when Zeeman and his coworkers plot points in a plane, and 
look for a cusp curve which fits them, they do not succeed in 
fitting one curve, so they use two, and claim that the cusp must 
have moved during the process. Finally, they do not use any 
statistical techniques to determine whether or not their pair 
of cusp curves gives a good fit (compare Fig. 5). 

Dixon Jones? has made a catastrophe theory model for 
budworm infestation. His model relies on a ‘cusp’ which is 
really not a cusp in the correct mathematical sense. His model 
predicts a fast rise of a variable, but the data rise slowly. Jones 
then rescues his model by making a logarithmic change of 
scale! 

At this point the reader may suspect that we have chosen 
the weakest catastrophe theory papers as targets for our 
criticism, The contrary is true: the best biological applications 
are contained in the papers just cited. Others!*1* consist of 
long expositions of the mathematics of catastrophe theory, 
copious explanations of elementary biology, and vague specu- 
lations on how the two could be brought together. 


Unreasonable or ambiguous hypotheses 


Isnard and Zeeman" have a model for how a country makes 
decisions about going to war. It is assumed that public opinion 
depends on the ‘cost’ of the war, and the (perceived) ‘threat’ 
posed by the enemy nation. 

Among the five hypotheses of the war model are: Hypothesis 2: 
If the cost of the war is low, then opinion will be unified, and 
the greater the threat, the greater will be the level of military 
action called for. 

Hypothesis 3: If the cost is high, and the threat moderate, 
then opinion will be split between doves and hawks. 

Now in a given conflict situation, no sensible person would 
advocate a level of military action so low that the enemy is 
sure to win an easy victory. Either one wants no war at all, or 


Fig. 4 A folded surface which is not a cusp since the projection of 
the fold curve on the control plane does not have a sharp point. 
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one wants to use as much military force as he thinks is needed to 
win. (War will follow when at least one side miscalculates, and 
both sides think they can win.) So, the dichotomy war—no war 
is a discrete one, and this is so whether the cost is high or low. 
But, if this is taken into account, we are left with a better 
theory which, however, does not involve a cusp. 

Not only are the hypotheses of the war model unreasonable 
but they do not lead to the conclusions reached by the authors. 
Their main claim—that the hypotheses imply, via Thom’s the- 
orem, that the behaviour set is a cusp surface—is once again 
dubious, since the proof, which is not given, is presumably 


Tension (measured by sickness), governor’s applications 
and welfare visits) 
-3 ap 5i 0 L 2 3 


90 


110 







_ 
hed 
© 


Allenation (measured by punishment and segregation) 
@ 


Fig. 5 The ‘analysis of the data’ of the paper by Zeeman ef al. 
on prison riots!’. These data are supposed to show that a cusp 
catastrophe gives a good fit. 


based on some translation (also not given) of the vague hypo- 
theses into precise language. It is not hard to show, however, 
that depending on one’s interpretation of the hypotheses, 
either the conclusion does not follow; or the result does not 
depend on Thom’s theorem, and is essentially contained in the 
hypotheses. 

In fact, the only possible part Thom’s theorem might play is 
to exclude a rounded bifurcation curve (such as the parabola 
of Fig. 4) in favour of a cusp (Fig. 1). But since either Fig. 1 
or Fig. 4 would lead to the conclusions stated by Isnard and 
Zeeman, there is really no need to use Thom’s theorem after all. 


Spurious quantification 

Catastrophe theorists often attempt to make a discrete variable 
into a continuous one so that CT can be applied. In Zeeman’s 
dog aggression model’, for example, the level of aggression of a 
dog is considered as a continuous variable x, ranging “from 
outright retreat through cowering, avoidance, neutrality, and 
growling and snarling to attacking”. He also states, however, 
that an ‘attack catastrophe’ occurs when the value of x jumps 
upwards from one sheet of the behaviour surface to another. 
Despite this ambiguity, it can be shown that with either inter- 
pretation the attack is embedded in a continuous family of 
behaviours. But this is absurd: the idea of a ‘semi-attack’ by a 
dog, or of a snake gradually attacking a person, is utterly mean- 
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ingless. The same reasoning applies to the ‘level of military 
action’ in the war model, as we have shown. 


Better alternatives 
Defenders of catastrophe theory claim that it provides, for the © 
first time in history, a mathematical method for modelling Me 
discontinuous phenomena. This is false because, as we have 
shown, catastrophe theory does not lead to satisfactory models. _ 
But it is also false because it ignores the whole body of discrete 
mathematics, the study of shock waves, bifurcation theory, and 
the mathematics of quantum mechanics. Better alternatives E 
certainly exist. 3 
Besides, no mathematical theory, no matter how elegant it 
may be, can serve as a substitute for the hard work of learning. 
the facts about the world. Catastrophe theory is one of many 
attempts that have been made to deduce the world by thought ©. 
alone. It offers to mathematicians “the hope of applying _ 
mathematics without having to know anything but mathe © 
matics”!®, An appealing dream for mathematicians, but a dream 
that cannot come true. 


Appeal of the theory i 
Why has catastrophe theory acquired such widespread 
popularity ? One possible reason may be its impressive claims of 
universality and usefulness, backed up by a large number of 
(mostly unrefereed) publications praising each other extrava- — 
gantly; another might be the unusual nature of the mathe . 
matics used, combining concepts that are completely inaccessible 
to anyone who is not a professional mathematician with the | 
use of some pictures of amazing simplicity, so that the result is 
simple to grasp intuitively but difficult to criticise. a 

It may be said that catastrophe theory is a new theory and 
that, while all the applications proposed so far have serious 
flaws, each one has benefits that make it worthwhile. Ou 
criteria for judging a theory (or method) are rather generous 
Even if a theory rests on questionable assumptions,’ or 
based on faulty reasoning, or leads to false conclusions, € 
deals with ambiguous concepts, or does not make true testabl 
predictions, we are ready to accept that it may be valuable, - 
so long as it does not have all these faults at once. 

The catastrophe theory models that we have examined, 
however, combine all these faults. The assumptions on which 
they are based are unreasonable and/or vague. The reasoning 
used to draw conclusions from the hypotheses is mathematically 
incorrect. The conclusions are either trivial (for example a ce 
frightened dog, if angered, may attack’’*) or false. 

The possibility that, in the future, catastrophe theory may a 
produce solid applications, cannot be dismissed a priori. 
However, its spectacular failures should suffice to raise serious 
doubts. For a method that has been said to have “the potential 
for describing the evolution of forms in all aspects of nature”, _ 
existing evidence is indeed disappointing. The scientific come 
munity must remain sceptical until the proponents of catas- ~ 
trophe theory succeed in substantiating their claims. The burden ae 
of the proof is on them. 
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We have determined the radio structure of the quasar 3C147 
from multi-baseline VLBI data at 609 MHz using both a 
conventional method and a technique which uses the ‘closure’ 
phase information to produce a good approximation to a 
synthesis map of the source. The structure is similar to the 
central part of M87, with a bright core and a linear ‘jet’ of 
projected length ~ 1.5 kpc which is concentrated in bright 
‘knots’. 

sc a a 


Tue quasar 3C147 (z = 0.545, V ~ 17 m) is one of the more 
intense radio sources in the sky at decimetre wavelengths. 
Previous interferometer and interplanetary scintillation observa- 
tions?® have shown that its radio emission is confined to a 
region < 1.0” in extent. At high frequencies most of the 
radiation comes from a complex region of the source $ 0.2” in 
size, while at low frequencies ($ 100 MHz) the size of the 
predominant emission region is ~ 0.7”. The interferometer 
observations, in which only fringe amplitudes on single baselines 
were measured, were inadequate to determine in any detail the 
morphology of the compact region. We report here the results 
of more extensive observations which do reveal this structure in 
considerable detail. They constitute the most reliable complex 
radio structure determined by VLBI techniques. 


The observations 

The data were obtained in two independent observing runs, both 
at 609 MHz, using circularly polarised primary feeds on each 
antenna. In each case the data were recorded with NRAO 
MkII VLB equipment and the video tapes correlated on the 
NRAO processor’. The details of the telescopes used and their 
rf performance are given in Table 1. The six interferometer 
baselines are shown schematically in Fig. 1a, and the resolution 
achieved by each interferometer pair as a function of hour angle 
is shown in Fig. Ib. 

The first observations, made in December 1973, involved only 
the three US stations (giving the three inner tracks in Fig. 15) 
and were analysed solely by G. H. Purcell in 1974. The plots of 
fringe amplitude as a function of interferometer hour angle are 
shown in Fig. 2a. Further observations of 3C147 were made, 
using all four telescopes, in March 1975. We observed the 
source for nearly all the time for which it was jointly visible at 
each station in order to obtain the maximum possible ‘closure’ 
phase information, as well as visibility amplitudes. 





*Present address: Jet Propulsion Laboratory, Pasadena, California 


A closure phase, C, is formed by the addition of the observed 
interferometer phases around a closed loop of baselines at a 
given time. The simplest loop is a triangle. Four triangles can be 
formed from our four station network (see Fig. 1a), but only 
three of these yield independent information. On each baseline 
we measured the fringe phase, @,, given by 


P: = Wit 9, 


where y, is the phase of the visibility function and 0, is a 











Fig. 1 a, Schematic representation of the six interferometer 
baselines. We formed closure phases around all four triangles 
but used mainly Cy22, Czas and Cas (see text). b, The baseline 
of each interferometer as a function of hour angle. The source 
was observed continuously along each track. The baselines are 
as follows: 1, Ft Davis-OVRO; 2, NRAO-Ft Davis; 
3, NRAO-OVRO; 4, J. Bank-NRAO; 5, J. Bank-Ft Davis; 
6, J. Bank-OVRO. 
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perturbation due to changes in the path delay to each telescope 
through the atmosphere and ionosphere, to phase drifts in the 
independent local oscillators and to uncertainties in the base- 
line and source position. A combination of these effects, with 
the ionosphere having a dominant role at this relatively low 
frequency, precludes the direct use of the six interferometer 
phases. It has been shown °° that in the closure phase the 
perturbations.cancel, and thus the three closure phases we form 


Caiza = 91+ O, —O, 
Cus = G2 + P — Ọs 
Cus = Os + Oy — Oe 
are equivalent to 
Cis = Wit Y: — Ys 
Cas = Ya + Wa — Ws 
Care = Wa + Wa — Wo 
respectively. The three closure phase curves we obtained are 
shown together with the six fringe amplitude curves in Fig. 3a, 
b and c. Unfortunately, because of a malfunction in the NRAO 
processor, the signal-to-noise on all baselines except NRAO-Ft 
Davis was reduced by a factor of two from the normal value. 
The agreement between the independently measured fringe 
amplitude curves for the US baselines at the two epochs is 
within the expected uncertainty due to receiver noise and 
calibration errors(~ 5%). This agreement shows that there have 
been no significant changes in the structure of the source during 
an interval of 15 months. 


The brightness distribution 

The brightness distribution of the source was inferred by 
Purcell from the 1973 amplitude data alone, using a model 
fitting method in which the parameters of elliptical Gaussian 
components are adjusted by an iterative procedure to produce a 
best fit to the data in the least squares sense. The complexity of 
this source is such that 13 gaussian components were required 
to produce the solid lines in Fig. 2a, which are the fringe 
amplitudes calculated from the final model. We do not list the 
parameters of this model, but rather display the contours of 
radio brightness which they represent; this ‘picture’ of 3C147 
is shown in Fig. 2b. Note that because no phase information 
was included there is a 180° ambiguity in its orientation. 

To analyse the more extensive 1975 data we devised a new 
approach which is an extension of the following scheme 
proposed by M. H. Cohen: beginning with a model of the source 
based on amplitude data alone, calculate the visibility phase of 
this model on all baselines and use this phase, with the observed 
amplitudes, to make a ‘map’. Using the CLEAN technique!!-!3 
reduce the sidelobe level on this ‘map’ and thereby produce a 
new model of the source. The phases predicted by this new 
model are different from the original phases and thus if we 
repeat the process using these new phases the ‘map’ will be 
different from the original one. Iterate, using the new model to 
predict the phases each time and see whether the method 
converges to a stable ‘map’. This method is essentially that 
proposed by Fort and Yee, except that where we use the 
CLEAN technique, they set all negative regions of the ‘map’ 
to zero at each iteration. We decided to extend the procedure 
proposed by M. H. Cohen by including the closure phase data, 
and thus to make use of all the information available in 
present-day VLBI observations (that is fringe amplitude, closure 
phase and extent of (u,v) coverage). 





Table 1 Interferometer elements 





System 
Location Institution Diameter Noise Sensitivity 
(m) (K) (kJy >) 

Jodrell Bank, Cheshire, UK Manchester 

Univ. 76 140 0.95 
Green Bank, W. Va., USA NRAO 43 160 0.21 
Ft. Davis, Texas, USA Harvard 

Univ. 26 300 0.08 
Big Pine, Calif., USA Caltech 40 260 0.18 
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Fig. 2 a, Fringe amplitude data on the US baselines in December 
1973. Mean error bars shown include a contribution from the 
uncertainty of the flux scale on the different baselines. The solid 
lines are the predicted amplitudes from the model in Fig. 2b. 
b, Contours of radio brightness derived from the 13-component .. 
model fitted to the fringe amplitudes in Fig. 2a. The contour 
levels were chosen to correspond with those in Fig. 4. The 
original Gaussian components have also been convolved witha 
circular Gaussian (FWHM = 0.009”) to simulate the effect of. 
the ‘clean beam’ in Fig. 4. Bae 


This combination of the closure phase with an iterative ... 
‘cleaning’ technique has subsequently proved to be a powerful: 
method for determining source structure provided the (u,v) 
plane is sufficiently well sampled. The method will be described 
in more detail elsewhere, but the analysis of the 3C147 data 
provides a simple and illuminating example of its use. It is 
clear from the fringe amplitude and closure phase plots. that 
this source contains a compact region which is barely resolved 
on the three longer baselines. It is reasonable to assume that 
the phase of the visibility function is almost constant and close 
to zero on these baselines (that is, wy ~ Ys © We œ% 0°) irres- 
pective of the detailed structure of this region. For each UT 
interval we can therefore solve the three independent. closure 
phase relationships and determine unambiguously, within the 
accuracy of our assumption, the true visibility phase on the 
shorter baselines (that is, W4, Ya, and y,). In this case we are 
using the compact region as a phase reference. 

Note that the phase closure information has enabled us to 
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Fig. 3 a, b, Fringe amplitude data from March 1975. The signal-to-noise ratio on all baselines, except NRAO-Ft Davis, is only one half the 

expected value (see text). The solid lines are the predicted amplitudes from the brightness distribution shown in Fig. 4 a. c, Three independent 

closure phase relations from the March 1975 observations. The solid lines are predicted phases from the brightness distribution shown in 
Fig. 4 a. 


resolve the usual 180° ambiguity in the position angle of the 
source, but it does not allow us to locate the absolute position 
of the radio source on the sky’. Apart from the absolute 
position of the source, we have derived all the complex visibility 
information accessible to these interferometers. In other words, 
the data can be regarded as synthesis observations of 3C147 
with (u,v) coverage limited to the three US baselines. 

The measured fringe amplitudes and the constructed phases 
were convolved on to a regular grid in (u,v) space using a 
Gaussian convolution function. Zero values were assigned to 
grid points not filled by this procedure. This array was then 
transformed into the sky plane resulting in the so-called 
‘dirty map’ of the source, which is badly disturbed by sidelobes 
resulting from the incomplete u,v coverage. The effect of these 
sidelobes was reduced by means of a version of the CLEAN 
technique developed by D. Rogstad. The primary output of 
this program is an array of point sources in the sky plane 
which approximates the true source brightness distribution. 
This first ‘map’ can be improved slightly because of the small 
extent to which the extended structure does influence the 
observed fringe amplitude on baselines 4, 5, and 6. The corres- 
ponding phases can therefore be expected to show minor 
deviations from the assumed value of zero. To take account of 
this, the major features of the first ‘map’ were used to re- 
predict the phases on the long baselines and the analysis was 
repeated to produce a second ‘map’. This process was con- 
tinued and, while no significant changes were noted after the 
second or third iteration, five iterations were performed to 
check the stability of the derived brightness distribution. 

The array of point sources produced by CLEAN has been 
smoothed with a Gaussian ‘clean beam’ whose FWHM is the 
same as that of the central maximum of the dirty beam. Fig. 
4a shows the final composite clean map, the result of the fifth 
iteration, in which the clean beam is circular and has a FWHM 
of 0.009’. In Fig. 3a~c the solid lines are the amplitudes and 
closure phases obtained by Fourier inversion of the final array 
of point sources only. The agreement with the data indicates that 
we have subtracted most of the real features of the dirty map. 

We have also checked the sensitivity of this process to our 
original supposition of zero phases on the longer baselines. To 
do this, we repeated the above procedure exactly, except that 
initially we used phases predicted by the model of the source 


shown in Fig. 2b. The result is shown in Fig. 4b; the brightness 
distributions in Fig. 4 are very similar and this gives us con- 
fidence that they accurately represent the compact features in 
the source. 

The similarity between the brightness distributions shown in 
Figs 2b and 4, obtained from independent data by entirely 
different methods, is remarkable. The distribution of Fig. 2b 
predicts amplitudes lower and more smoothly varying than 
those actually observed on baselines 4, 5 and 6, indicating that 
the true distribution contains more compact features than those 
of the Gaussian model. Nevertheless, the agreement supports 
the conclusion of Pauliny-Toth et a/.'5 that the main features of a 
complex brightness distribution can usually be reconstructed 
reliably even without phase data. The objective nature of 
our method, however, the speed with which a complicated 
brightness distribution can be determined, and the avoidance 
of the 180° position angle ambiguity make this approach a 
significant advance on conventional model-fitting methods. 

As well as the compact structure discussed above, 3C147 
also has an extended component which has been observed both 
at low frequencies, by interplanetary scintillation observa- 
tions®*, and at 2,695 MHz by single baseline, conventional 
interferometric observations‘. At low frequencies (< 100 MHz) 
the extended component dominates, and 2 80% of the 
radiation must come from a region ~ 0.7” in extent. At the 
higher frequency the compact features dominate, and only 
~ 25% of the radiation originates in the extended region. 
In November 1976, 3C147 was observed twice with the Cam- 
bridge 5 km telescope at 15 GHz (M. Ryle, personal communi- 
cation), and these observations show that the source is 30% 
resolved in p.a. 30°-+5° on the longest baselines, indicating a 
size ~ 0.7”. The source is unresolved in p.a. ~ 120°. The 
position angle and the size are consistent with the model- 
fitting results of Donaldson and Smitht, and in Fig. 5 we show 
schematically a composite of our VLBI results with their 
preferred interpretation. The exact details of the extended 
structure are not known, but it is clear that the components 
are not colinear, and it seems that the outer lobe does not form 
a smooth extension of the jet. Note however, that only one con- 
tour of a Gaussian is drawn to indicate this outer lobe and it 
would not be surprising if future observations, with baselines of 
a few hundred thousand to about one million wavelengths, do 
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Table 2 
Total 

Component Speak Vpeak Beqa Bobs energy Pressure 

(Jy) (MHz) (arc s) (arc s) (erg) (dyn cm~?) 
Outer lobe 70+10 120430 07.35 ~ 0.6 x07.15 5 x 1057 ~ 1078 
Jet 20+8 420+.100 0”.05 ~ 0.2 x 0.025 5 x 1056 23x107 
Core 3.2+0.5 5004-200? 07.012 ~ 07.006 
*Core (if on straight part of spectrum) 3.2 609 z 0.0055 ~ 07.006 


ameen 


* See text. 


in fact show a bridge of emission between the jet and outer lobe. 
In this case the source would resemble 3C66B (ref. 17). The mini- 
mum resolution of our observations (~ 2 MA) is too great to 
study the outer lobes, although they are probably the cause of 
the systematic deviations of the expected fringe amplitudes 
from the data on the shortest (OVRO-Ft Davis) baseline. The 
flux density of these lobes must be relatively greater at 609 
MHz than at 2,695 MHz because the compact features shown 
in Figs 2b and 4 only account for about half the total flux 
density of 35 Jy from the source at 609 MHz. 


The radio spectrum of 3C147 
The total spectrum of 3C147 has a maximum at 1404-20 MHz, 
and a marked low frequency cutoff, which is thought to be due 


Fig. 4 Brightness distributions determined from the March 1975 
amplitude and closure phase data using the method described 
in text. The ‘clean beam’ is a circular Gaussian with FWHM = 
07.009. Contours are plotted at --25, 25, 75, 125, 175, 275, 
375, 475, 575, 675, 775, 875 x 10° K. (25x 108° K = 62 mJy per 
unit beam area). The arms of the L each represent 0.040” arc. 
a, Initial phases on baselines 4, 5, and 6 predicted from a point 
source. 6, Initial phases predicted from the model shown in 
Fig. 2b. 
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to synchrotron self absorption!*. We have constructed three- 
point spectra for the individual components using the total 
spectrum and high resolution observations at 609 MHz (present 
data), 1,660 MHz (refs 5, 19), and 2,695 MHz. The 2,695 MHz 
points are taken from a re-analysis® of the data of Donaldson 
and Smith‘. In all cases, except 609 MHz, the core was taken to 
be unresolved (< 0.01”). 

The spectra of the individual components cannot be deter- 
mined with great accuracy; however, it is clear from the total 
spectrum that the spectra of both the outer lobe and the jet 
must have low frequency cut-offs. We have fitted to the data a 
series of three-component spectra, which are consistent with 
the total spectrum (Fig. 5). The parameters of the different 
components derived from these spectra are shown in the first 
two columns of Table 2. 

The spectrum of the core is the least well determined of the 
three components. There is no indication of a low frequency 
cutoff and it is not possible to infer, even approximately, the 
frequency at which this occurs. The value of Vpeak in Table 2 
of 500-+200 MHz has therefore been included merely as an 
indication of what might be reasonable (see later). 


The energy balance 
in the different components 


We now discuss the possible physical conditions which obtain 
in the different components. 

The jet and outer lobe. A number of different mechanisms 
could be responsible for the low frequency cut-offs which we 
observe in the jet and outer lobes of 3C147. Of these, syn- 
chrotron self-absorption seems to be by far the most likely 
explanation since both free-free absorption and the Tsytovitch- 
Razin effect would require too much thermal plasma in the 
components (~ 2 and ~ 3,000 electrons cm~? respectively). If 
there were such a high density of thermal plasma present, it 
would cause considerably more depolarisation within the 
source than is observed*®. Scott and Readhead'® have recently 
shown that the turnover in the total spectrum is almost cer- 
tainly due to synchrotron self-absorption (their work is based on ` 
low frequency measurements and therefore refers to the outer”. 
lobe), because the measured diameter at 81.5 MHz is within a 
factor 1.5 of the equipartition diameter, 0,,, assuming that 
synchrotron self-absorption is responsible for the dow- fre 
quency cut-off. Following the treatment of Scott and Readhead 
for a simple slab source we have calculated O. for the three 
components of 3C147, and these are given in Table 2. It is 
clear that the observed angular sizes of both jet and outer lobe 
are consistent with equipartition. 

The total energies and the pressures in the outer lobe and jet, 
calculated assuming equipartition between the particle and 
magnetic field energy densities are also shown in Table 2. 

The compact core. The spectrum of the core is apparently flat 
(spectral index > 0.2) down to ~ 600 MHz. Since the cut-off 
has not been observed, we calculate a firm lower limit to Bea by 
assuming that the S xv‘? line of the self-absorbed spectrum 
passes through the 609 MHz point (see Table 2). The observa- 
tions are only just consistent with equipartition. (8.4 2 
0.0055’) if the core is a single homogeneous source. If the 
cut-off in the spectrum occurs at a frequency substantially lower 
than 600 MHz then there must be considerably more energy in 
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the particles than in the magnetic field. A flat spectrum can also 
be produced by several individually self-absorbed components 
whose spectra peak at different frequencies. The characteristic 
undulations can easily be missed if the individual flux density 
measurements are not determined to sufficiently high accuracy. 
Preuss et al.* have recently detected at least two weak (maxi- 
mum correlated flux density ~ 0.26 Jy) components in 3C147 
at 5,000 MHz with a baseline of ~ 10° wavelengths. Their 
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Fig. 5 Total source and individual component spectra. Errors 
of + 20°% have been assigned to the component flux densities 
to take account of model fitting uncertainties. (See text for 
references.) (Inset: composite brightness distribution showing 
schematically the relationship between our results and the 
preferred interpretation of Donaldson and Smith‘ at 2,695 MHz. 
The contour level in the outer components is arbitrary and the 
contour is drawn at the FWHM of their Gaussian model. Scales 
represent 0.15”.) 


much greater resolution and lack of knowledge of the location 
of these components makes it difficult to compare these results 
with ours. The characteristic size they derive, however (0.004”, 
that is, œ 30 pc) suggests that the results refer to the core and 
that our measured size may not refer to a single component. 


Discussion 

The observations and analysis described above constitute the 
most reliable determination of radio structure on the scale 
0.01” to 0.25” for any source. The ‘core’, ‘jet’ and ‘outer 
lobes’ morphology is very similar to 3C66 (ref. 17), M87 
(ref. 22) and 3C219 (ref. 23), and suggests that in trying to 
explain 3C147 one should concentrate on theories involving 
the generation of energy in a central highly active region, and 
the transfer of the energy to outlying regions via a collimated 
beam of waves and/or particles. 

The angular extent of the jet (~ 0.20”) corresponds to a 
projected physical length of ~ 1.5 kpc at the distance of 3C147. 
This is similar to the projected length of the M87 jet. Another 
similarity is that the 3C147 jet also contains discrete ‘knots’. 
The two knots in 3Ci47 have linear diameters ~ 150 pc, 
somewhat larger than the radio knots in M87 (~ 50 pc) 
(ref. 25). Turland®® has shown that there is a wide range in both 
the luminosity and size of radio jets. Our results on 3C147 are 
remarkable if the same physical processes are responsible for 
producing all jets, since the radio luminosity of the 3C147 jet is 
four orders of magnitude greater than that of the M87 jet, and 
yet the physical sizes of both jet and knots are very similar in 
the two cases. The difficulties associated with the confinement 
of the knots in M87 have been discussed by Okoye% and by 
Turland**, who suggested that the optical extent of the knots is 
determined by the lifetime (~ 20 yr) of the electrons responsible 
for the optical emission assuming it to be synchrotron radiation. 


Nature Vol. 269 27 October 1977 


The possibility, however, that these knots are confined should 
be seriously considered for the following reasons. Wilkinson™* 
has shown that the sizes of the radio and optical knots in M87 
are very similar, yet the radio emitting electrons have a life- 
time = 10° years, much greater than the light travel time 
across a knot. Similarly in 3C147, the synchrotron lifetime of 
the radio-emitting electrons (Z 3 x 10° yr) is much greater than 
the light travel time across a knot, and therefore they must be 
confined. The pressure in the 3C147 knots is, however, at least 
an order of magnitude greater than in the optical knots of M87, 
and therefore it should be easier to confine the M87 knots than 
those in 3C 147, 

Our knowledge of the outer lobes is very limited but we do 
know that the overall position angle is different from the jet. 
Further VLBI observations with resolutions in the range 
0.1’-2.0” could determine the structure on this scale if the 
closure phase were used. The uncertainty about the exact 
locations of the lobes illustrates one limitation of the ‘closure 
phase’ technique—namely that we cannot use it to determine 
absolute positions. If we knew the position of the core it would 
be a simple matter to subtract the core and jet from the 15- 
GHz map of the source made with the 5-km telescope, and this 
would then show clearly the disposition of the more extended 
features. 

We have shown that it is possible to use VLBI observations 
to make a reliable determination of the structure of compact 
features in a fairly complex source. To determine that structure 
on other scales we have also made three station observations at 
327 MHz and 5 station observations at 1,667 MHz (in pre- 
paration). These should enable us to determine both the 
structure on a scale ~ 0.002” to ~ 0.5” and the spectra of the 
different components, since the inclusion of the closure phase 
information allows us to study the components at different 
frequencies without ambiguity. Thus these observations should 
provide us, for the first time, with a complete picture of the 
structure of a high redshift radio source on a scale of parsecs to 
kiloparsecs. 
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Secular changes in marine inundation of USSR 
and North America through the Phanerozoic 
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Analysis of palaeogeographic and facies maps of the 
USSR and North America confirms an overall trend 
towards marine regression through the Phanerozoic with 
a major deviation in the late Mesozoic. These are 
related to world-wide changes of sea level attributable 
primarily to a combination of continental thickening 
controlled by subduction processes, and changes in the 
overall length and hence volume of the oceanic ridge 
system. 





AN apparent secular withdrawal of the sea from the conti- 
nents during the course of the Phanerozoic, superimposed 
on shorter-term oscillations of sea level, has been inferred 
from world palaeogeographic maps'? and held to support 
the notion of slow earth expansion of ~0.5 mm yr™ during 
that time**. This interpretation has been challenged by 
Armstrong’ and Hallam’, who argue that the secular with- 
drawal can be adequately explained without invoking a 
change in the Earth’s radius, and by Wise’, who disputes 
the very fact of secular change. The problem is re-examined 
here using the analysis of palaeogeographic and facies 
maps of the USSR and North America, which leads to a 
discussion on the relative merits of the various hypotheses 
that can be put forward to account for Phanerozoic sea- 
level changes. Attention is devoted to the longer-term 
secular changes rather than the shorter-term transgressions 
and regressions. 


Soviet Union 


The series of palaeogeographic and facies maps of the 
Soviet Union published in the 1960s", as yet unmatched 
for any other extensive region, allow a detailed analysis of 
changes in the areal extent of sea through the whole 
Phanerozoic by a technique outlined elsewhere”. All palaeo- 
geographic maps involve, of course, a degree of inference, 
but there can be little doubt from the abundant data pro- 
vided that the Russian maps give a close approximation to 
the area of continent flooded at several intervals for each 
successive geological period, although areas of present 
continental shelf cannot be included because of lack of 
data, 

As shown in Fig. 1, the sea spread slowly in the early 
part of the Palaeozoic to cover approximately 60% of the 


Fig. 1 Area of the Soviet Union 
covered by sea at different times 
during the Phanerozoic, expressed in 
both relative and absolute terms. 
Dating based on Geological Society 
of London Phanerozoic time scale. 
Ca, Cambrian; O, Ordovician; S, 
Silurian; D. Devonian; C, Carboni- 
ferous; Pm, Permian; T, Triassic; 
J, Jurassic; K, Cretaceous; P, Palaeo- 


USSR by middle Ordovician times. Thereafter there was a 
faster withdrawal to reach a minimum value at the Silurian- 
Devonian boundary, followed by a relatively rapid restora- 
tion to middle Ordovician values in the late Devonian and 
early Carboniferous. Subsequently a progressive withdrawal 
culminated in a minimum at the Permian—Triassic boun- 
dary. During the Mesozoic, there were two transgressive 
peaks, in the late Jurassic and late Cretaceous, interrupted 
by an early Cretacous minimum and followed by a sharp 
Cainozoic decline interrupted by a small peak in the middle 
to late Eocene, and a further, more dubious, peak in the 
Pliocene. None of the Mesozoic and Cainozoic peaks 
attained the values of the Palaeozoic maxima and in fact 
barely extended beyond the Silurian—-Devonian trough. 

The close spacing of data points, back at least to the 
Devonian, rules out a systematic temporal bias, with the 
length of time intervals chosen increasing the probability 
of overestimating the extent of sea the earlier the period’. 
Indeed, the probability of losing the stratigraphic record 
through subsequent deep burial, metamorphism and. erosion: 
must increase with time, and so the maps for older periods 
are more likely to underestimate than overestimate the. 
former extent of marine cover. Furthermore, cratonic 


areas such as the Russian Platform and margins of the — 


Siberian Shield, in fact almost everywhere outside eugeo- 
synclinal regions, contain much more substantial propor- 
tions of carbonates and evaporites to terrigenous clastics 
in the Palaeozoic than Mesozoic or Cainozoic, implying more 
areally restricted and topographically subdued sediment 
sources (mechanical denudation rates on the present conti- 
nents show a tendency towards an exponential increase 
with increasing topographic elevation’), Hence the Russian 
data support strongly the notion of Phanerozoic secular 
withdrawal of sea. 


North America 


The only comprehensive series of palaeogeographic maps 
available for North America is that published in the atlas 
of Schuchert’’, which was used by Wise? to demonstrate a 
condition of essentially constant continental freeboard. 
throughout the Phanerozoic, interrupted by short-term oscil- 
lations of sea level, 80% of which remained within about 
60 m of a normal freeboard level ~20 m above the present 
level. These maps were drawn, however, several’ decades 
before the atlas was published, and therefore do not take 
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into account extensive modern discoveries of strata, espe- 
cially in the Arctic. Moreover, Schuchert left large areas of 
the cordilleran region blank for the Palaeozoic, but facies 
changes from areas further east clearly indicate a marine 
eugeosynclinal regime. As with the USSR, Palaeozoic 
rocks of the North American central craton are much 
richer in carbonates than younger rocks, and: testify to a 
correspondingly greater spread of sea, so that Schuchert’s 
maps, based on erosional remnants, tend to be cautious and 
substantial underestimates for times earlier than the 
Mesozoic. 

Data from a new atlas of facies distribution through 
time are here used to propose a revised graphical inter- 
pretation of North American data. In the absence of up-to- 
date palaeogeographic maps for individual stages, an 
attempt was made to determine the approximate maximum 
extent of sea for each period, using references cited in the 
atlas and making fairly conservative inferences. This allows 
a general comparison with Schuchert’s data and the world 
data of the Termiers and Strakhov, plotted in a similar 
way (Fig. 2). 

Schuchert considerably underestimated the former extent 
of seas from the Cambrian to the Lower Carboniferous. 
Subsequently, the Schuchert and revised North American 
curves match quiet closely with only a relatively slight 
but systematic increase in inferred extent of flooding in 
the revised version. The revised curve matches the similarly 
plotted Russian curve much more closely than the Schuchert 
curve. The main differences are that the North American 
seas attained their maximum in the late Ordovician rather 
than the middle Ordovician and late Devonian—early 
Carboniferous, although the values are remarkably similar 
at around 60%, and the late Jurassic transgression was less 
extensive than the late Cretaceous. Because the two conti- 
nents comprise approximately one-third of the Earth’s 
land surface it might reasonably be inferred that the changes 
in question are primarily expressions of eustatic changes in 
sea level, with the relatively minor differences being attribu- 
table to regional differences in topography and rates of 
subsidence. This is confirmed by the close match of the two 
curves with those based on the Termier and Strakhov 
world palaeogeographic maps. A eustatic interpretation 
is both simpler and more plausible than the alternative 
proposed by Sloss and Speed", that the continents have 
moved up and down in concert. An additional point is that 
the Permo-—Triassic minimum must be due to a genuine 
eustatic fall and not to the silting up of shallow sea during 
a phase of stillstand. This is because the extent of end 
Permian and beginning Triassic non-marine sediments is 
negligible in both the USSR (Fig. 1) and North America. 


Discussion 

Several different explanations can account for the long- 
term secular changes under consideration. Earth expansion: 
besides the fact that the notion of slow earth expansion 
poses serious physical problems” it has already been pointed 
out that the Phanerozoic overall regression can be explained 
more conservatively without considering a change in the 
earth’s radius. In addition, the regression ought to have 
continued back into the Proterozoic, but the end of the 
Proterozoic was in fact a regressive phase. Thus Lower 
Cambrian deposits transgress widely on to much older rocks, 
often Archaean or early Proterozoic in age, a fact that has 
given rise to the term Lipalian interval. This regressive 
interval is probably comparable in magnitude with the end- 
Palaeozoic and late Cainozoic examples. 

The alternative expansion model, which involves a much 
more rapid increase in the earth’s radius since the early 
Mesozoic, leading to dispersal of the fragments of Pan- 
gaea®™, is even more clearly refuted by physical argu- 
ments” and is incompatible with the dominantly 
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transgressive character of Mesozoic seas. Holmes* even 
interpreted the Quaternary secular fall in sea level, super- 
imposed on glacially-controlled oscillations, as a conse- 
quence of rapid earth expansion. 

Glacial control: the onset of the Cainozoic ice age might 
be considered to have been responsible for a substantial 
component of the contemporary drop in sea level. It has 
been estimated that sea level would rise 46m if all polar 
ice was melted’. An Antarctic ice sheet first formed in the 
late Miocene, although ice apparently started to accumulate 
as early as the late Eocene”. Abstraction of ice from the 
ocean system can only account for a small proportion of 
the lowering of sea level since the late Cretaceous high 
stand, however, if we accept the figure of slightly over 
500 m computed from estimated changes through time of 
oceanic ridge volume™, and supported independently by an 
estimate of the overall continental margin sedimentary 
offlap through the Cainozoic (P. R. Vail, personal com- 
munication). 

The glacial explanation is even less successful in account- 
ing for the major late Permian-early Triassic regression, 
which took place after the melting of the extensive late 
Carboniferous-early Permian Gondwana ice cap and the 
concomitant establishment of a more equable world climate. 

Orogeny: plate tectonics provides a ready mechanism for 
the thickening and hence uplift of elongate sectors of crust 
at continental margins overlying subduction zones, by 
frictional melting of the descending slab giving rise to 
ascending magmas’, and perhaps more locally by the 
underthrusting of one continental edge beneath another. 
Thus closure of the Iapetus Ocean at the end of the Lower 
Palaeozoic in north-west Europe and eastern North 
America has converted a marginal basin-island arc—trench 
regime to a tectonically more stable zone of continent which 
has not been the site of subsequent orogeny but has per- 
sisted in most places as a positive area welded to the 
adjacent Precambrian shields and only locally and 
occasionally inundated by shallow sea. 

With the detailed Russian data of Fig. 1, the clearest 
indication of orogeny correlating with regression concerns 
the substantial post-Valanginian eastward withdrawal of the 
sea in eastern Siberia, which is bound up with the younger 
Cimmerian Orogeny™. The subsequent Aptian to Camp- 
anian transgression never reached as far west as the late 
Jurassic seas, and the Cimmerian event is the principal 
reason for the Russian late Cretaceous extent of sea being 
less than the late Jurassic, hence contradicting the world 
picture. 

Similarly, the late Carboniferous-Permian regression is 
associated with the multiphase Hercynian Orogeny, com- 
mencing in the middle Carboniferous and reaching a 
climax in the early Permian, and converting the old 
Uralian and Angara geosynclines into cratonic regimes. 
More tentatively, the regression commencing in the late 
Ordovician and reaching a maximum at the end of the 
Silurian seems to be connected with the Russian equivalent 
of the Caledonian Orogeny, as manifested around the 
western and southern margins of the Siberian Shield. In 
the far east of the country, a notable end-Cretaceous 
orogeny is reported locally“, and a number of minor 
Tertiary orogenic phases in the same region might help to 
account for part of the Cainozoic overall regression. 

The North American data of Fig. 2 are, of course, less 
precise, but it is apparent that a component of the post- 
middle Ordovician Palaeozoic regression may be attributed 
to the progressive conversion of the Appalachian and 
neighbouring regions by the successive Taconic, Acadian 
and Appalachian orogenies from a geosynclinal-island 
arc zone into a positive upland area welded to the central 
North American craton, which lay beyond the reach of 
subsequent Mesozoic and Cainozoic transgressions. Like- 
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wise, the pronounced post-Cretaceous regression correlates 
with the Laramide Orogeny in the west of the continent. 

That orogeny cannot account for all the regression is 
shown by examination of the history of extensive shield 
and platform areas of both continental masses, which were 
unaffected by Phanerozoic diastrophism. Thus the Russian 
Platform was extensively covered by shallow sea thoughout 
the great bulk of Phanerozoic time but was completely 
emergent by the end of the Permian. A post-Cretaceous 
emergence is also apparent after the extensive late Mesozoic 
transgressions. Similarly, the Siberian Shield was substan- 
tially transgressed in the Cambro-—Ordovician but a major 
withdrawal of the sea commenced in the west towards the 
close of the Silurian, with a land area emerging between 
the Ural and east Siberian seas. From middle Jurassic 
times onwards the.sea covered the huge West Siberian 
depression but withdrew definitively in the Oligocene. 

In North America, shallow seas covered a large part of 
the Canadian Shield from the Ordovician to the Devonian, 
but withdrew definitively in the Lower Carboniferous, as 
they did in the American mid-west in the Upper Carbon- 
iferous and Permian, and in the USA and Canadian 
Western Interior after the Cretaceous. 

More generally, only a small percentage of the present 
land surface is occupied by ‘Alpine’ orogenic zones, yet it 
has been estimated that continental relief has increased by 
a factor of about 2.5 in the late Cainozoic™* 

Continental underplating: to account for the apparent 
emergence through the Phanerozoic of such cratonic areas 
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I formerly argued for a slight thickening by sialic under- 
plating, using a term proposed for the African cratons by 
Shackleton”, Several lines of evidence suggest, however, 
that old cratons have remained tectonically inert after the 
early Proterozoic and have been subjected to relatively 
little uplift or erosion since their time of formation, an 
interpretation supported by low heat flow at present”, Per- 
sistence of ancient structural patterns and distinctive types . 
of mineral assemblage is also incompatible with significant 


change at the base of the crust”. Underplating, in fact, as 


invokes a petrological process not required by plate tec 
tonics and not supported by independent evidence. It is 
probably only relevant, if at all, to the Archaean. .— ; 


Variations in rate of seafloor spreading: Hays and- 


Pitman” attribute the late Cretaceous major transgression 
to a rapid seafloor spreading in the Pacific and Atlantic 
from 110 to 85 Myr, with a correspondingly greater extent 
of ‘hot’, buoyant oceanic ridge displacing seawater on to 
the continents. This interpretation relies on the accuracy 
of correlation of magnetic anomalies and hag been ques- 
tioned by Berggren et al.**, who proposed an amended time 
scale consistent with more-or-less uniform rate of spread- 
ing. Even disregarding this criticism, the Hays and Pitman 
interpretation does not account satisfactorily for the marked 
secular regression through the Cainozoic. According to the 
data presented by Larsen and Pitman”, the spreading rate 
for the Atlantic remained more or less constant from 
Palaeocene time onwards, and matched that for the late 
Jurassic and early Cretaceous. The rate was similarly con- 
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stant for the Phoenix-Pacific plate boundary, while the fuller 
data for the Farallon—Pacific plate boundary shows a fall 
at 85 Myr to a lower rate from the Coniacian to the Palaeo- 
cene. Thereafter there was a sharp but small reduction at 
the Palaeocene-Eocene boundary, a rise to a maximum in 
the Oligocene and subsequently a stepwise decline to the 
present. The Oligocene, however, is clearly regressive with 
respect to the Palaeocene and Eocene”. 

Taking Indian Ocean data into account only complicates 
the picture further, and in a way not obviously consistent 
with the Hays and Pitman interpretation’. India moved 
away from Antarctica at a very rapid rate in the early 
Tertiary, and was followed by a period when little or no 
spreading took place west of the 90°E Ridge. Spreading 
from the Carlsberg Ridge has proceeded at a more or less 
constant rate of 1.2-1.3cmyr? over the past 30-35 Myr, 
back into the Oligocene, following a period of very slow 
spreading back to the late Palaeocene. In the central Indian 
Ocean the spreading rate has not been constant as in the 
Atlantic and Pacific, but changed from 5.7 cm yr™“* in the 
Campanian to ~ 9cm yr, persisted at that rate until the 
middle Palaeocene and then decelerated. 

Changes in length of ocean ridge system: the most 
plausible alternative to the spreading rate interpretation to 
account for the spectacular late Cretaceous transgression, 
which was obviously a very unusual geological event, is that 
a large volume of seawater was displaced by creation of new 
oceanic ridges in the South Atlantic and Indian oceans, 
since this was the time when effective dispersal of the frag- 
ments of Gondwana commenced. Such an interpretation 
would imply that the Cainozoic regression was due at least 
partly to the progressive loss of ridges elsewhere by sub- 
duction. That this is likely to have happened is evident from 
the analysis of Larsen and Pitman”. According to their 
interpretation, in the middle Cretaceous there were four 
major plates in the Pacific region, the Kula, Farallon, 
Phoenix and Pacific plates. In the past 110 Myr there has 
been progressive consumption through subduction beneath 
Asia and the Americas of ridges separating the Kula from 
the Farallon, and the Farallon from the Phoenix plate, 
together with the Pacific-Kula ridge. 

On the other hand, the early Tertiary saw the creation 
of new ridges between Greenland and Scandinavia as the 
North Atlantic opened, and between Antarctica and 
Australia. This might account for the worldwide Eocene 
transgression" shown for the USSR in Fig. 1, which is 
against the secular Cainozoic trend. 
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Assessment of the role of ridges in pre-Cretaceous times 
must be highly speculative because the marine record is 
lost, but it seems possible that the more or less progressive 
Jurassic transgression relates in part to the creation of a 
ridge within the newly-opened central Atlantic, while the 
striking late Palaeozoic regression could to some extent 
be due to the consumption of spreading sea floor including 
ridges that had previously driven continents together to 
effect the Hercynian Orogeny. 

The dominant cause of the longer-term Phanerozoic 
changes in sea level and overall regression is likely to have 
been a combination of continental thickening by orogeny 
consequent on subduction or collision, and variation in the 
cumulative length of the oceanic ridge system. The best 
prospect for testing these ideas quantitatively is in the 
Cainozoic, which has by far the fullest record of geological 
events per unit of time, both on the continents and ocean 
floor. 
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Location and bond type of intermolecular contacts 
in the polymerisation of haemoglobin S 
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The solubility of 14 hybrid haemoglobins composed of «x 
chains with a single substitution and B chains from HbS was 
compared with that of sickle haemoglobin. A substantial 
reduction in the insolubility of native deoxyhaemoglobin S 
results from surface mutations in certain regions of the x chain 
while changes in other areas have no effect. Also, the chemical 


nature of the substitution is decisive and points to the type of 


intermolecular bonding at several loci. 





WE described previously the preparation of five haemoglobin 
double mutants carrying the 86 Glu Val mutation as well as an 
additional one on the g chains'*. They were used to delineate 
regions on the surface of the molecule where significant bonding 
between neighbouring tetramers takes place in the polymerisation 
of deoxyhaemoglobin S. This work has now been extended to 
include portions of the æ chain which were previously unexplored. 
In addition, the availability of more than one mutation at the same 
locus has now made it possible to infer the type of bonding 
involved in some of these intermolecular contacts. 
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Tabie ł Mutant haemoglobins used for preparation of HbS hybrids 








Method of isolation* 


No. Mutant Hb Locus on a chain Substitution Ref. a Mutant Hybrid 
i Sawara 6 Asp? Ala 6 6 1 
2 Anantharaj H Lys>Glu 7 4 2 
3 HbI 16 Lys-Glu 8 3 5 
4 Sealy (Hasharon) 47 Asp—His 9,10 2 i 
5 Mugino (Kokura) 47 Asp>Gly il l 1 
6 Montgomery 48 Leu-Arg 12 1 l 
7 Shimonoseki 54 Gin>Arg 13 2 1 
8 J Mexico 34 Gin-Glu 14 4 2 
9 G Phila 68 Asn-Lys 15 ~ 1 

10 Ube I 68 Asn=> Asp 16 4 2 
H Mahidol 74 Asp—His 17 6 l 
12 Winnipeg 75 Asp—Tyr 18 6 l 
13 Q Iran 75 Asp—> His 19 6 l 
14 O Indonesia 116 Glu-+Lys 20 2 1 


Mammenn eneenteeniemreetCeeeeusitsternsisitnirenentenentneennesamaaneeeniieneineasineenmmtanasanasiieiientiten 


*Conditions for isolation of x mutant and hybrid haemoglobin were as follows: 1, Chromatography on DEAE-Sephadex A-50 and elution witha 24-h 
linear gradient of 0.05 M Tris-HCl, pH 8.4—7.4. 2, As(1), but pH 8.07.4. 3, As (1) but 12-h gradient pH8.0-+7.0. 4, As(1) but 16-h gradient pH 7.7-+7.0. 5, 


As (1) but pH 7.6-6.8. 6, Polyacrylamide gel electrofocusing?'. 


Preparation and characterisation 

of double mutant haemoglobins 

Two different hybridisation reactions were used to prepare double 
mutant tetramers: The first™? is based on the exchange reaction 


az* p^ + a^ pà = a2* BS E a2*p2* Q) 
amutant HbS double HbA 
mutant 


This method is suitable for separating the double mutant except 
where the mutation on the « chain brings about a change in charge 
which is equal and opposite to that of the f° mutation, as for 
example in HbJ Mexico (a°*°'""S™), In such a case, the hybrid, 
a*B, will, of course, have the same charge as HbA and can 
therefore not be separated from it. This difficulty can be overcome 
by hybridisation of such g mutants with B45 since HbA is not a 
product of this reaction 


2a2*Bo* + BaS <> 202*B5 + pa^ (2) 


Method (2) was therefore used in all cases where the effective 
charge of the double mutant was too near to that of HbA to permit 
a good separation. This was often encountered in haemoglobins 
where the formal difference in charge brought about by the 
mutation was modified by interactions with other residues. 

HbS was isolated from the blood of heterozygous donors by 
chromatography on DEAE-Sephadex? using a 24-h linear 
gradient of 0.05 M Tris buffer pH 8.0-7.4. 

Hbg“ was prepared by treatment of the unfractionated A/S 
haemolysate with p-mercuribenzoate followed by chroma- 
tography on CM~cellulose as described by Bucci and Fronticelli*. 
The $°"* fraction was collected, concentrated by ultrafiltration 
using PM 30.Amicon membranes and the mercury was removed 
with N-acetylpenicillamine as described previously®. 

The « mutant haemoglobins including the five which were 
hybridised with HbS before’, are listed in Table 1. Only mutants 
were chosen with substitutions at or near the surface of the 
molecule. The exact position of each residue was located on a 
three-dimensional model assembled from Labquip components 
using the refined coordinates of human deoxyhaemoglobin??. The 
haemoglobin variants were isolated from the blood of hetero- 
zygous donors. The samples were transported in temperature 
controlled containers (Trans-Temp 313, Fisher Scientific). The 
purity of the mutant haemoglobins was checked by polyacryl- 
amide gel electrophoresis. 

Hybrid tetramers with two f° chains and a chains from mutants 
3, 4, 5, 6, 7, 9 and 14 (Table 1) were prepared by method (1) as 
described previously':?. The remainder were made by method (2) 
using B,° as donor of BS chains. Equal amounts of 1° solutions of a 
mutant haemoglobin and 84° were mixed and incubated in 0.2 M 


acetate buffer pH 4.7 Tor 3-4 h at 0 °C. The a25*"™°f,8 hybrid was 
made by both methods and HbS was also prepared from f° and 
HbA. The conditions for the isolation of the double mutant 
haemoglobins are given in Table 1. The identity and purity of the 
hybrids was established by polyacrylamide gel electrophoresis of 
the intact haemoglobins and, in some cases, of the mercurated 
subunits. 

The oxygen equilibrium curves of all haemoglobins including 
the hybrids were measured as described before?*** using 10 aM 
haemoglobin in 0.05 M bis-Tris buffer pH 7.4 at 20 °C. 

The structural and functional integrity of the hybrid tetramers 
was tested using the criteria applied previously'?. The oxygen 
affinities of all the double hybrids were the same as those of the g 


mutant from which they were derived and, with two exceptions; 


were within the normal range (logpso = 0.43-0.56 at 20°C. and 
pH 7.4). Hb Mugino and a2™"*'"°8 Shad a somewhat raised oxygen _ 
affinity (logpso = 0.36) and Hb Sawara was found to be a really 
high affinity mutant (logpso = 0,02), contrary to a previous | 
report". In this case too, the Sawara-S hybrid retained the high 
affinity. 

The oxygenation properties of HbS prepared from HbA and B45 
by method (2) were identical with those of native HbS 
(logpso = 0.47). 






Solubility in strong phosphate _ 

as measure of HbS polymerisation 

The solubility in concentrated phosphate buffer, as originally 
described by Itano?*, was chosen for comparing the polymerising 
tendency of the double mutants with that of HbS, since only small 


quantities of the double mutants were available (15-30: mg) 


Several lines of evidence support the assumption that this method __ 


measures the same phenomenon as the usual gelling tests on much 
larger samples: (1) While the precipitation of oxy and de- 


oxyhaemoglobin A as well as that of oxyhaemoglobin Sis 
essentially instantaneous when they are mixed with the phosphate 

buffer, deoxyhaemoglobin S precipitates slowly, which pre- 
sumably reflects the time required for the formation of ordered 
polymers. The suspensions were therefore incubated with gentle 
shaking for at least 30 min at 25 °C and the filtrates were observed 
for further precipitation. Incomplete precipitation introduces 
increasingly large errors as the fraction of haemoglobin in solution 
decreases with increasing ionic strength. (2) Cottam and Water- 
man?® concluded from the parallel temperature dependence of the 
solubility and the gelation that the former constitutes ‘a sensitive 
method of monitoring the aggregation phenomenon ‘of de- 
oxyhaemoglobin S’. (3) Both with some chemically modified HbS 
molecules?” and in the case of two naturally occurring double 
mutants, the results obtained by the two methods were similar. 
Thus HbC Harlem was 2.5 times more soluble than HbS in strong 
phosphate? and its minimum gelling concentration was 36 g °% 
instead of 24.5 g % for HbS (ref. 28). Hassan et al.2° have shown 
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Table 2 Solubility of deoxygenated double mutants 
Solubility 

Haemoglobin a-chain locus (mol 17! x 105) 
AgS a 0.3 
Oa Fits 8 75 0.2 
gawea $ 6 0.2 
gR pS 75 0.3 
qp Mahidol g S 74 0.3 
B.S 16 0.9 
Ube H > 68 0.9 
> Mugine BS 47 0.9 
aO Pugs 68 Ll 
oy Anantharal Fi 11 1.5 
ata g S 4g 1.5 
a J Mexico 54 1.7 
Shimo fg S 54 1.8 
a? Indenesia f 5 116 20 
a pS 47 46 


a enn 


The measurements were carried out as described previously*° in 2.04M 
phosphate buffer pH 6.8 (u == 4.4) at 25 °C. The values were obtained by 
interpolation or extrapolation of solubility plots such as those shown in 
Fig. 1. 


that the double mutant, Hb Stanleyville H/S (a27* 182° Val) ig 
twice as soluble in strong phosphate as native HbS and this is 
paralleled by an increase in the minimum gelling concentration 
from 24 to 30 g %. 


Effect of «-chain 


mutations on the solubility of HbS 

The solubility of the deoxy torm of ali the double mutants used in 
4 4 ionic strength phosphate buffer is given in Table 2. Clearly, the 
effect of the mutations varies over a wide range from no effect at all 
at positions 6, 74 and 75 to the 20-fold increase in solubility caused 
by the replacement of aspartic acid by histidine at position 47. 

Another criterion was also used to compare the various double 
mutants with HbS—the change in ionic strength (Ay) necessary to 
make the solubility of the oxy and deoxy form equal in each case 
(Fig. 1). This value was 1.35 for HbS and 0.22 for HbA. 

The effect of a mutation in the « chain on the solubility of the 
tetramer it forms with f° chains depends not only on the location of 
the substitution but also on its chemical nature. 

The most instructive from this point of view were the three pairs 
of mutants at positions 247, #54 and «68. The results obtained on 
the hybrids of these mutants with HbS are shown in Table 3. The 


Fig. 1 Solubility of haemoglobins A (a) and S (b) in phosphate 
buffer pH 6.8 at 25°C. Open symbols, oxyhaemoglobin; filled 
symbols, deoxyhaemoglobin. 
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Table 3 Effect of a-chain mutations on solubility of HbS 





Position on 


Haemoglobin achain Residue Au 
aB 47 (CD6) Asp 1.35 
or Mesino pS Gly 1.07 
Co BS His 0.58 
aB | 54 (E3) Gin 1.35 
a Shimo pS Arg 0.78 
a? Mexico gS Glu 0.78 
aB 68 (E17) Asn 1.35 
20 Prags Lys 1.08 
Ube HBS Asp 1.10 


rr LCE 


*Change in ionic strength necessary to make the deoxy and oxy forms 
equally soluble. 


greatest solubilising effect on deoxyhaemoglobin S encountered 
among 14 different substitutions on the a chain is that due to 
replacement of aspartic acid by histidine at a47 (Hb Sealy). But, 
when the substitution at this locus is glycine, as in Hb Mugino, the 
solubilising influence is greatly reduced (Table 3). We therefore 
conclude that the aspartate side chain at 47 is engaged in an 
intermolecular salt bridge which materially contributes to the 
stability of the helical polymer. Wishner ef al! and Edelstein er 
al.?? also concluded that 247 is in an important contact region. If 
the spacial relations in the fibre can be assumed to be similar to the 
arrangement of the double strands seen in crystals of de- 
oxyhaemoglobin S the most likely partner for aspartate 247 is 
lysine 59 on the adjacent molecule’. 

Table 3 shows that the glutamine residue at 254 also provides an 
important intermolecular contact point. Here, however, the same 
increase in solubility is observed whether the glutamine is replaced 
by a positive residue (Hb Shimonoseki) or a negative residue (HbJ 
Mexico). Although the solubility data show that x68 is a weaker 
contact point altogether, the nature of the bond must be of the 
same kind as that at x54, since here again, both a negative and a 
positive substitution have the same effect. This evidence suggests 
apolar bonds at these two locations. Hydrophobic bonding is 
generally assumed to be important in the polymerisation of HbS 
as, for example, indicated by the temperature dependence of the gel 
formation2:, In this connection it is pertinent to recall a parallel 
situation involving the £ chains where no gelation occurs when the 
valine at f6 is replaced either by glutamic acid (HbA) or by lysine 
(HbC). 

A second region of the tetramer surface formed by the a chains 
qualifies as a weaker contact area. It contains residues a1 1, «l6and 
4116, brought into proximity by the tertiary structure of the 
protein. The mutations at these loci (Hb Anantharaj, Hbl and 
HbO Indonesia) all have comparable effects on the solubility of 
HbS (Table 4). 

A particularly significant group of mutants were Hb Sawara 
(a6), Hb Mahidol (#74) and haemoglobins Winnipeg and Q Iran 
(x75). In all these cases the hybrid composed of the abnormal g 
chains and f° chains had the same solubility as HbS itself (Table 5). 
The three-dimensional model of the tetramer shows that these 
three loci (x6, «74 and #75) are situated quite close together with «6 
being somewhat recessed from the surface. This part of the surface 
can therefore be designated as a non-contact region. It should be 
noted that two of these mutants—haemoglobins Mahidol and Q 
Iran-—carry the same substitution (Asp His) as does Hb Sealy 


ern 


Table 4 Effect of «-chain mutations on solubility of HbS 





Position on 


Haemoglobin a chain Substitution Age 

see i 1.35 
a Anantharaj f5 il (A9) Lys—Glu 0.86 
2216.8 ara 16(Al4) Lys-~Glu 1.15 
a Indonesia BS 116 (GH4) Glu-Lys 0.84 


amne 


*Change in ionic strength necessary to make the deoxy and oxy forms 
equally soluble. 
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Table 5 Effect of -chain mutations on solubility of HbS 
eee 


Position on 


Haemoglobin a chain Substitution Au* 


aSa S 
a Mahid d 
a na a 
a2? a 


6 (A4) 
74 (EF3) 
75(EF4) 
75 (EF4) 


1,35 
Asp—Ala 1.37 
Asp His 1.35 
Asp>Tyr 1.33 
Asp His 1.33 


*Change in ionic strength necessary to make the deoxy and oxy forms 
equally soluble. 


(x47). As the same change has a maximal effect at #47, but none at 
«74 and «75, the location on the surface of the molecule is clearly 
the decisive factor. 

The Hb Sawara hybrid also shows that a high oxygen affinity is 
not incompatible with efficient polymerisation of de- 
oxyhaemoglobin S. The same situation was encountered pre- 
viously with HbS from which the x C-terminal residue had been 
removed—desArg HbS (ref. 1). 

This method of approach has thus made it possible to define 
several distinct areas on the surface of the haemoglobin molecule 
formed by the æ chains. One of these is a region of strong 
intermolecular bonding which includes aspartate #47, leucine «48 
and glutamine «54. Of these, #47 aspartate probably forms a salt 
link with lysine £59 on the next molecule while glutamine «54 
participates in hydrophobic bonding, 

A region where replacement of the normal residues has a smaller 
effect in solubilising HbS is enclosed by the charged residues at al 1, 
«16 and «116. All three are therefore candidates for electrostatic 
bonding. Another contact point of comparable significance is the 
asparagine at x68, engaged in hydrophobic bonding. A weak effect 
brought about by a single substitution could be the result of 
multiple contacts in that region so that replacement of only one of 
them would weaken the contact by only a fractional amount. 

Finally, the mutations at «6, «74 and «75 provide an excellent 
control, since changes at these positions—and in the case of 275 
even two different substitutions—have no effect whatever on the 
solubility of native HbS. 

In Fig. 2, the 10 different loci with one or more substitutions, 
which were included in this study are marked on a schematic 
representation of the haemoglobin tetramer. But, the distance 
between the different positions can only be judged from the three- 
dimensional model and not from this necessarily two-dimensional 
substitute. 
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Fig. 2 Schematic model of the haemoglobin molecule showing the 
locations of the amino acid substitutions. 
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Synchronised transmembrane insertion and 


glycosylation of a nascent membrane protein 
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Studies of the synthesis and incorporation of the vesicular 
stomatitis virus glycoprotein into membranes in a synchro- 
nised cell-free system demonstrate a tight coupling between 
polypeptide synthesis and membrane insertion, as a result of 
which the nascent chain crosses the membrane. The studies 
reveal a surprisingly precise sequence by which the nascent 
chain of this membrane gl ‘veoprotein is glycosylated in two 
steps. These findings have important implications for the 
mechanisms of membrane assembly. 
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MEMBRANES are continuously formed and remodelled in all 
living cells, and the problem of how membranes are assembled 
is central to cell biology. But, the mechanisms by which proteins 
are incorporated into membranes and the means by which 
specific proteins are directed only to the appropriate membrane 
or organelle are obscure. We describe here a novel approach to 
these problems which has begun to elucidate the nature and 
temporal sequence of the events responsible for the synthesis 
and membrane insertion of ectoproteins', those integral mem- 
brane proteins which have a hydrophilic domain on the extra- 
cytoplasmic side of the membrane. The external portion(s) of 
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ectoproteins must somehow cross the permeability barrier of 
the membrane at some stage. Several considerations’ suggest 
that the external portions of the polypeptide chain of an ecto- 
protein cross the membrane during protein synthesis, but direct 
evidence has been lacking. The alternative school of thought? 
holds that ectoproteins can be inserted into membranes after they 
are completely synthesised. 

The glycoprotein (G) of vesicular stomatitis virus (VSV) is 
such an ectoprotein. Most of the protein of G and all of its 
carbohydrate are external to the lipid bilayer of the viral 
envelope, forming the ‘spikes’ which project radially from the 
surface of the viral particle’. The G protein is synthesised by 
ribosomes bound to the endoplasmic reticulum'> of infected 
cells and receives at least the core N-acetylglucosamine and 
mannose sugars in this organelle’~*. G is a transmembrane 
protein of the endoplasmic reticulum membrane, oriented with 
its sugar-containing portion within the lumen of the organelle, 
but with about 30 amino acids at its carboxy terminus exposed 
on the opposite, cytoplasmic side of the membrane*”. G is 
ultimately transported from the reticulum to the plasma mem- 
brane, during which time the glycosylation is completed by the 
addition of terminal sialic acid residues**, and is subsequently 
incorporated into the viral envelope following the budding out 
of the viral nucleocapsid through the cell surface membrane?. 

A cell-free system capable of supporting membrane assembly 
has been described® in which the VSV G protein was translated 
from viral-specific mRNA in crude extracts of wheat germ. 
When G was synthesised in the presence of membrane vesicles 
derived from the rough endoplasmic reticulum of pancreas (but 
freed of endogenous ribosomes), this membrane protein was 
glycosylated and was asymmetrically inserted into the vesicle 
membrane, spanning the lipid bilayer, with the same orientation 
as the native G protein found in the rough endoplasmic reticulum 
in vivo. 

We report here a simple method for synchronising the growth 
and processing of the G protein in this cell-free system. This 
technique has revealed a remarkably close degree of coupling 
between polypeptide synthesis and incorporation into the mem- 
brane, and has made it possible to demonstrate a precise 
sequence by which the nascent chain of the membrane protein 
is glycosylated. 


Synchronisation of protein synthesis 


Protein synthesis is started when total VSV mRNA is added to 
a cell-free extract of wheat germ. After 2 min of protein syn- 
thesis, a specific inhibitor of initiation”, 7-methylguanosine-5’- 
phosphate (mGp) is added to prevent subsequent initiations. 
Lf this interval is sufficiently short in comparison with the time 
required to complete the G protein, and if all of the nascent 
glycoprotein chains grow at the same rate, then in principle, all 
copies of the G protein will be polymerised in synchrony as a 
cohort population. 

Figure | shows that an approximation to synchrony can be 
obtained by this procedure. The synthesis of total VSV protein 
proceeds linearly for a limited period (Fig. 1a), beyond which 
no further protein is made, as would be expected if initiation 
were completely blocked by ‘mGp. In the absence of *mGp, 
synthesis is linear for about 60 min (not shown). No completed 
G protein can be observed until about 45 min, when all chains 
of G are observed to be completed within a rather brief time 
span of 10 min (Fig. 14). Total protein synthesis is apparently 
complete before the appearance of G protein because G is a 
minor fraction of the total translation products and greatly 
exceeds most of the products in chain length. 


Coupling of insertion and 

glycosylation to protein synthesis 

To determine the degree to which the processes of insertion and 
glycosylation of G are coupled to protein synthesis, synthesis of 
G chains was initiated synchronously in the absence of pancreatic 
membrane vesicles, and at various times samples were removed 
and the chains were completed in the presence of vesicles. This 
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experiment determines the maximum size of nascent glycoprotein 
which can be made without any association with membranes 
without affecting proper insertion and glycosylation. 

As shown previously®, the partially glycosylated form of the 
glycoprotein (G,) migrates more slowly (see Fig. 2) through 
sodium dodecyl sulphate-polyacrylamide gels than does the 
unglycosylated form (Go) which results from synthesis in the 
absence of pancreatic membrane vesicles. The extent of glyco- 
sylation was therefore determined as the fraction of G 
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Fig. 1 Synchronisation of protein synthesis. Wheat germ extract 
and VSV were prepared and proteins were synthesised at 23 °C, 
essentially as before’, in a volume (including all additions) of 
0.5 ml containing 0.15 ml wheat germ extract, 20 ul VSV mRNA, 
27mM HEPES (pH 7.2), 120mM KCI, 1.5mM_ magnesium 
acetate, 5.6mM dithiothreitol, 2.6mM ATP, 0.26 mM GTP, 
16mM creatine phosphate, 0.73 mM_ spermidine, 42 ug mi-? 
creatine phosphokinase, 0.13 mM each of the 19 amino acids, 
except methionine, and *°S-methionine (0.5 mCi mi!) with a 
specific radioactivity of approximately 600 Cimmol™. The 
mixture was pre-incubated for 1.5 min at 23°C before adding 
mRNA at time zero. After 2 min, 25 pl of a 20 mM solution of 
7mGp (P. L. Biochemicals) were added, giving a final concentra- 
tion of | mM. a, At various times, duplicate samples of 2 ul 
were taken, and the total protein synthesised was determined as 
radioactivity insoluble in boiling 5% trichloroacetic acid (TCA). 
The amount of acid-insoluble radioactivity at zero time 
(550 c.p.m.) was subtracted to yield the data in the figure. b, At 
various times, samples of 25 pl were precipitated with TCA and 
separated by polyacrylamide gel electrophoresis in the presence 
of sodium dodecy! sulphate’. The amount of G protein present 
was determined from scans of autoradiographs of the dried gels. 
The triangles and circles represent data from two experiments, 
run in identical conditions. The amounts of G protein shown 
are values obtained by normalisation to the amount of G protein 
made at the longest time point shown for each experiment, in 
order to permit the two experiments to be compared directly. 
Note that the concentration of 7mGp required to achieve 
satisfactory inhibition of initiation (> 99%) is very sensitive to 
the KCI concentration and that the time for chain completion 
can vary markedly (--50°%) between independently prepared 
extracts of wheat germ. 
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protein in the G, form. Trypsinisation of vesicles after protein 
synthesis removes peptides from the extreme C-terminal region 
of G,, yielding a large fragment which migrates slightly faster 
than G, (but more slowly than G,) on acrylamide gels (Fig. 2) 
and is protected from further tryptic degradation by the per- 
meability barrier of the membrane vesicle*:” wall through which 
G, is inserted. Gy yields no analogous protected portion*. The 
extent to which the G protein was properly inserted into the 
membrane was, therefore, assayed as the fraction of radio- 
activity in the total G product (Gy+G,) preserved in the 
membrane-protected tryptic fragment which runs between G, 
and G, on gels. Even if all copies of G were inserted correctly, 
some loss of radioactivity would be expected since three C- 
terminal peptides containing “S-methionine radioactivity are 
removed by trypsin in the process of conversion of G, to the 
protected fragment’. 

Figure 2 shows that when chains are completed in the presence 
of membranes after 6 min of synchronous synthesis in the 
absence of membranes, the resulting G protein is all in the G,, 
or glycosylated form, and yields a membrane-protected fragment 
on trypsinisation. A dramatic change takes place thereafter. 
Few of the G chains made for 9 min in the absence of mem- 
branes, and then completed in the presence of membranes, are 
glycosylated, and little if any membrane-protected fragment is 
observed (Figs 2, 3). Both glycosylation and proper insertion 
are lost coordinately and remarkably rapidly after 6 min. Indeed, 
both processes are lost within a span of 3 min, when the window 
in which initiation was permitted was 2 min. Consequently, pro- 
longing synthesis of a G chain (which was initiated at 0 min) in 
the absence of membranes beyond the critical time of about 
6 min by as little as 1 min will result in a marked reduction of 
proper insertion and of glycosylation. A fourfold increase in the 
concentration of membranes does not cause a significant increase 
in the critical time of about 6 min (not shown), indicating that 
this time is not related to the rate at which ribosomes can 


Time of membrane addition (min) 


6 9 
— eer 


Gy) | 


-+-+ 


Trypsin 


Fig. 2 Membrane addition experiment, At the indicated times, 
50 ul samples of the same protein synthesis incubation as Fig. 1 
(A) were removed, 0.5 pl of pancreatic microsomal membranes 
(prepared as before’; stock suspension had an Ags) of 50, as 
measured in 1% sodium dodecyl sulphate) were added, and 
incubation was continued at 23 °C until 53 min had elapsed from 
the time mRNA was added. One half of each sample was 
precipitated with TCA®, while the other half was treated with 
trypsin-TPCK (0.5 mg mi~) at 23 °C for 15 min before TCA 
precipitation. Shown here is the autoradiogram of the gel of the 
translation products for the 6 and 9 min time points. Only the 
region of the gel containing G is presented; no time-dependent 
changes were observed for the other viral proteins. The gel was 
impregnated with scintillant®* before drying, and the film was 
exposed for 40 d at —70 °C. The band below G, in the trypsin- 
treated lanes has methionine containing tryptic peptides of G 
(F. Katz, personal communication), and varies greatly in amount 
between experiments. Its significance is unclear. 
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Fig. 3 Effect of the time of membrane addition on glycosylation 
and proper insertion. Same experiment as Fig. 2. The auto- 
radiogram of the gel was scanned, and the amounts of Go and 
G, (lanes without trypsin treatment) and of the large membrane- 
protected tryptic fragment of G, (lanes with trypsin treatment) 
were determined from the peak heights. The extent of glyco- 
sylation (@) is G,/(Gy+G,). The extent of protection of G by 
membranes (©) is the amount of fragment (running between Gy 
and G,) divided by Gy+G, determined from the lane without 
trypsin of the same time point. 


encounter membranes when the two are first mixed. This sug- 
gests that the critical time is dependent on some intrinsic 
property of the nascent G protein. This view is strongly sup- 
ported by experiments in which the time for completion of G 
was about 23 min (using a different wheat germ preparation from 
Fig. 3), and the critical time for proper insertion was only 
3 min. The critical time is therefore proportional to the time 
required for completion of the polypeptide. 

If it is assumed that the growth of the G polypeptide is 
proportional to time, then the approximate length of the chain 
at the critical time can be determined. G has a molecular weight 
of ~ 63,000 (ref. 11) and therefore contains approximately 550 
amino acid residues. In the experiment of Fig. 3, the chain was 
completed in 40 min, so about 80 residues would have been 
completed at the critical time. Of these, about 40 are present 
within the large subunit of the ribosome?®!3, so that only 
40 residues would be available for any interaction with mem- 
brane vesicles. Synthesis of no more than 10-15 additional 
residues in the absence of membranes at this critical chain 
length results in the loss of proper insertion into the membrane 
and of glycosylation. 

It can be concluded that both insertion into the membrane 
and glycosylation are closely coordinated with polypeptide 
chain synthesis, for membranes are required almost from the 
outset, 


Sequence of glycosylation 


The finding (Fig. 4) that protein synthesis in wheat germ extracts 
is unaffected by high concentrations of the detergent Triton 
X-100 has permitted the times of the glycosylation events to be 
determined in a simple experiment, and has led to the discovery 
of a novel intermediate in glycosylation. The lack of effect of 
Triton at concentrations as high as 1% (or possibly higher) is 
in marked contrast to the complete inhibition by the bile salt 
deoxycholate at much lower concentrations, as found for the 
reticulocyte system!*. Concentrations of Triton as high as 1% 
would be expected to completely solubilise the pancreatic 
vesicle membranes, and might be expected to cause an abrupt 
inhibition of glycosylation by producing a random physical 
segregation of the nascent G chain (with attached ribosome), 
the glycosyltransferases, and the presumed lipid-linked sugar 
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Fig. 4 Effect of detergents on protein synthesis. Conditions of 

protein synthesis were essentially the same as Fig. 1, except no 

?mGp was added, Shown is the amount of TCA-insoluble 

protein made in 60 min per 2 ul of reaction as a function of the 

concentration (w/v °%) of either Triton X-100 (A) or sodium 
deoxycholate (@). 


substrates into different detergent micelles. Indeed, all of the 
G protein which results from translation of VSV mRNA in the 
presence of pancreatic membranes and 1% Triton X-100 is in 
the G, (unglycosylated) form (Fig. 5). 

These results imply that the timing of glycosylation can be 
explored by synchronising protein synthesis with 7mGp as 
before but with the exception that membrane vesicles are 
present from the outset. At various times, samples are taken 
and Triton X-100 is added to inhibit further glycosylation, 
and the polypeptide chains are completed in the presence of the 
detergent. From the resulting distribution of G chains between 
glycosylated and unglycosylated forms as a function of the 
time of detergent addition, the times of glycosylation events 
can be inferred. Thus, when detergent is added before any 
glycosylation has taken place, no subsequent glycosylation can 
occur, so all of the resulting G will migrate in the Gy position. 
When Triton is added after all glycosylation is completed, only 
the G, form will result. 

Figure 5 shows that up to 9 min of synchronous synthesis, no 
glycosylation has taken place since only Go is observed. After 
29 min, mainly G, is observed, so glycosylation is mainly 
complete well before the chain is finished. In between, and 
particularly around 20 min, a previously unknown form of G 
predominates, migrating on the gel in between Gy and G,. 
The amounts of these three forms as a function of the time of 
addition of detergent are shown in Fig. 6. The novel form of 
G, called G,)s, is clearly a kinetic intermediate in the formation 
of G,. This form binds specifically to columns of concanavalin 
A-Sepharose 4B, as judged by the methods used previously" 
(data not shown), and is therefore (as expected from its inter- 
mediate mobility in gels) an intermediate in glycosylation. 

The VSV virion glycoprotein contains two essentially identical 
oligosaccharide side chains". As it is unlikely that both of the 
sites are glycosylated at the same time, and as the Asn-linked 
oligosaccharide would be derived by en bloc transfer from a 
lipid-linked oligosaccharide’, an intermediate form in which 
one of the two sites is glycosylated would be expected. It was 
confirmed recently by analysis of the kinetics of degradation 
of G, by endoglycosidase H that G,,, contains only one of the 
two oligosaccharides (J. Rothman, in preparation). This enzyme 
attacks each oligosaccharide at only one site, generating partial 
degradation products in proportion to the number of glycosylated 
Asn residues. It was found that G, was converted to G,,2, which 
was then converted to Gp. 

Since glycosylation is completed before the completion of the 
polypeptide backbone (Fig. 6), it is clear that the transfer of 
oligosaccharides is to the nascent chain. The rather precise 
kinetics of glycosylation probably indicate that each of the two 
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successive transfers of oligosaccharides to the nascent chain 
can only occur only after specific lengths of the nascent chain 
have been made because the timing of these events is determined 
only by the time required to complete G. When 23 min were 
required for completion of G chains (using a different wheat 
germ preparation from that used in Fig. 6), Gi; was maximal 
at 12 min, and G, was half-maximal at 17 min, as compared 
with 22 min for G; and about 30 min for G, when about 43 min 
were required for completion of G (Fig. 6). 


Implications for the mechanism of insertion 


Figure 7 presents a diagram of what is currently known of the 
sequence of events which occur during the synthesis of the 
VSV glycoprotein. 

Our finding (Fig. 3) of a very early requirement for mem- 
branes implies that the insertion of G protein into the membrane 
has already begun when 80 or fewer residues are made, of which 
only 40 or fewer can be available for any interaction with 
membranes. The experiment only indicates the longest chain 
length which still permits subsequent insertion, so these figures 
place an upper limit on when insertion actually occurs. Glyco- 
sylation events are evidently not the basis for the early mem- 
brane requirement as both glycosylation steps occur well after 
the requirement for membranes is expressed (Fig. 7). Glyco- 
sylation is therefore not important for insertion of the membrane 
protein, at least in the initial stages. Presumably, insertion into 
the membrane proceeds continuously after it has begun. 

In addition, our results strongly suggest that the nascent 
chain spans the lipid bilayer such that the protein is extruded 
across the membrane as it is being polymerised, as predicted 
from considerations of membrane asymmetry!. This conclusion 
follows immediately from the fact that the chain is glycosylated 
while it is still attached (through tRNA) to the ribosome on 
the ‘cytoplasmic’ side of the membrane, providing it is assumed 
that the glycosylation steps take place on the opposite side of 
the membrane, within the vesicle. 


Implications for the mechanisms of glycosylation 


The belief that glycosylation is restricted to the extracytoplasmic 
surface of membranes is widespread and is based on the fact 
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Fig. 5 Triton X-100 addition experiment. Protein synthesis was 
performed in the same conditions as Fig. 1, except the final 
volume was 0.95mi and pancreatic microsomal membranes 
(20 ul) were present before adding mRNA at time zero. At 
2 min, | mM ?mGp was added. At each indicated time, a sample 
(25 pl) was removed, 2.5 ul of 10% (w/v) Triton X-100 was 
added, and incubation at 23 °C was continued until 53 min had 
elapsed from the time of addition of mRNA. Samples were then 
precipitated with TCA and electrophoresed as before*. Only the 
regions of the autoradiogram of the gel containing G are shown 
since no time-dependent changes in other viral proteins were 
observed. The gel was impregnated with scintillant** before 
drying, and was autoradiographed for 40d at — 70°C. The 
band above G, was observed in the presence or absence of 
membranes, varied between experiments, and was not time- 
dependent. The G, chains required between 40 and 45 min for 
completion in the presence of membranes in this experiment, as 
determined by the methods of Fig. | (data not shown). The rate 
of elongation of proteins is therefore unaffected by the presence 
of membranes. 
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Fig. 6 Sequence of glycosylation. The amounts of G-specific 
translation products, Gy, Gi (the band between Ge and G, in 
Fig. 5), and G, were determined for each time point from the 
peak heights of the corresponding bands in the acrylamide gel 
for the experiment which is partially presented in Fig. 5. The 
amount of each form is expressed as a ° of the total of the three 
forms. Gy (@), Gi (9) G, (O). Arrow indicates polypeptide 
chain completion. 


that membrane. carbohydrate is found only on that side!-?, 
Consistent with this; we have found (Fig. 3) that both glyco- 
sylation and proper insertion of the VSV glycoprotein are lost 
coordinately when membrane vesicles are added too late, in 
spite of the fact that the glycosylation steps themselves do not 
take place until well after this requirement for membranes is 
expressed (Fig. 7). This indicates that the late glycosylation 

depends on the early insertion of the nascent chain into the 
-© membrane on the ‘cytoplasmic’ side. This implies that the late 
glycosylation steps occur when the nascent chain of the G 
protein is present on the opposite, lumenal side of the vesicle 
membrane. 

We have presented here the first direct evidence that the 
nascent chain of a membrane glycoprotein is glycosylated. 
Kiely et al.” showed that the majority of the carbohydrate is 
attached only ®© those peptide chains of ovalbumin (a secreted 
protein) that have been essentially completed. The timing of the 
two glycosylation steps of the VSV glycoprotein (Fig. 6) is 
remarkably precise. Each glycosylation takes place only after a 
specific length of the polypeptide chain is made. One explana- 
tion for this would be that the order and timing of the glyco- 
sylations is determined only by the order of the two acceptor 
residues in the amino acid sequence, that is, when the acceptor 
Asn residues first appear on the lumenal side of the membrane. 


Fig. 7 Sequence of events during the synthesis of G protein. 

The numbers below the arrow indicate the fraction of the chain 

completed, assuming the chain grows at a constant rate. The 

time of the first glycosylation is when G, is half of its original 

value. and the time for the second glycosylation is when G, is 
half maximal (Fig. 6). 
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Another plausible explanation would be that only when specific 
lengths of chain are made (and perhaps only for small intervals 
of chain length) is the nascent membrane protein in the appro- 
priate conformation to act as an acceptor. In this case, an Asn 
would not generally be glycosylated at a time which corresponds 
to its position in the amino acid sequence. Such a conformation 
would presumably require that the Asn acceptor site of the 
nascent chain be in intimate proximity with the lumenal surface 
of the lipid bilayer, in order to permit enzymatic transfer from 
the dolichol-oligosaccharide donor, located at the same 
interface. 


Role of signal sequences 


The considerations discussed above and elsewhere*:!9 imply that 
the ribosomes which manufacture G protein are bound to the 
membrane by the nascent chain, if by no other interaction. Our 
results show for che first tirne that membrane-bound ribosomes 
engaged in the secretory process can be derived from’ free 
ribosomes after initiation of protein synthesis, a central aspect 
of the ‘signal hypothesis’), Thus, when G chains are started 
in the absence of membranes on free ribosomes, and then 
subsequent initiation is blocked, these same ribosomes; must 
become bound to the membrane in a functional configuration 
in order to permit the insertion and glycosylation of the resulting 
G protein which is observed when membranes are added at 
sufficiently ‘early times (Fig. 3). Earlier work? did not dis» 
tinguish whether initiation occurred on added free ribosomes 
before or after they became bound to the membrane. 

It then follows that. these free ribosomes must possess a 
‘signal’ which directs them to the correct membrane to bind in 
a functional way, permitting the nascent chain to be extruded 
through the membrane, as proposed in the ‘signal hypo- 
thesis’*°-*!, This signal could, in principle, be found in sequences 
of mRNA or of the nascent polypeptide itself. Support for the 
localisation of the ‘signal sequence’2!'to the N terminus. of the 
nascent chain has come from the original finding of a precursor 
to the immunoglebin light chain containing an additional 
sequence at the N terminus” and the subsequent finding that 
a wide. spectrum of proteins secreted. by pancreas possess 
essentially identical N-terminal extensions which are removed 
from the proteins in the endoplasmic reticulum??. Much addi 
tional work has shown that, quite generally, secreted pro- 
teins?°~* (as well as a membrane ectoprotein®*) have similar 
N-terminal extensions some. 15-30.-residues in length. Un- 
fortunately, direct evidence for the function of these extensions 
as the proposed signal sequences has been lacking. 

Our findings now provide direct evidence for an N-terminal 
signal sequence which functions in: the predicted manner*!, 
Thus, the requirement for membranes during synthesis of G 
protein is not expressed until some 40 residues are found 
outside the ribosome, a length of chain just sufficient to contain 
any of the N-terminal extensions cited above. On the basis of 
the signal hypothesis, membranes could not be required until 
all of the signal sequence is translated and outside the large 
ribosomal subunit. The rapid loss of proper insertion of G when 
no more than 10-15 additional residues are made would then 
indicate that the signal sequence contained within the N-terminal 
40 residues can only function during a short interval in the 
synthesis of the glycoprotein. There is as yet no evidence for a 
significant cleavage at the N terminus of G, but there is no 
obvious reason why an N-terminal signal sequence need be 
cleaved off. 

The mechanisms used by the VSV glycoprotein to enter 
membranes can be expected to be relevant to most or all cellular 
ectoproteins since the limited coding capacity of the viral 
genome (five proteins, all structural components of the Virion) ; 


requires that it utilises cellular factors for glycoprotein glyco- = ` 


sylation and insertion. Indeed, the diverse sources of the 
components (plant ribosomes and animal membranes) which 
function together in the cell-free system indicate a high degree 
of evolutionary conservation of the mechanisms involved. The 
results obtained do not reflect unique properties of the particular: 
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components used since the glycoprotein produced in the cell- 
free system is indistinguishable from the glycoprotein found in 
the endoplasmic reticulum of infected cells’. Further investiga- 
tions ‘using the cell-free system may provide more detailed 
insights into the mechanism by which the nascent chain crosses 
the membrane, and the relationship of signal sequences to this 
mechanism. 
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Radio haloes around BL Lacertae 
objects AO0235+ 164 and 4C03.59 
‘THe rapid variations in intensity and linear polarisation of 
several BL Lacertae sources at centimetre and optical wave- 
lengths have indicated the presence of multiple non-thermal 
components, often appreciably smaller than 1 pc (refs 1, 2). 
But there is no clear evidence for radio structures extended 
over kiloparsecs around any of the known variable BL Lac 
sources which have been scanned with narrow beams of 
a few ares’. The absence of extended radio structure in 
brighter and more variable BL Lac sources has also been 
inferred from their flat or inverted radio spectra and has 
led to the suggestion that these are extremely ‘young’ 
QSOs which have yet to develop a steady, non-thermal 
background*”'"*. We report here the lunar occultation and 
interplanetary scintillation (IPS) observations of two BL 
Lac sources, AQ0235+ 164 and 4C03.59 at 327 MHz. One 
of the two occultations of the former source, which is 
known to be an exceptionally violent variable at centimetre, 
infrared and optical wavelengths, took place in November 
1975 near the epoch of its major outburst’. These 
observations indicate that at 327 MHz, part of the emission 
of both these sources originates in components larger than 
Farcs. 
The Arecibo occultation source A00235+ 164 was identi- 
fied with a 19-mag stellar object and was showr to be 
-a radio and optical variable having an inverted radio 
spectrum and a featureless, steep optical spectrum***"7, 
During late 1975, when this BL Lac source flared up 
dramatically, spectrometry revealed two optical absorption- 
line systems’ at redshifts of z=0.524 and 0.852 and also 
HI absorption” at z==0.524. The strikingly rapid flux varia- 
tions of this source impose extreme constraints on the 
incoherent synchrotron interpretation for rapidly varying 
extragalactic sources, if their redshifts are cosmo- 
logical™?"*. The other BL Lac source 4C03.59 also has a 
steep optical spectrum™™™ but only a normal, straight 
radio spectrum”! with a slope of —0.6 and has been classi- 
fied as a possible radio variable”. Visual images of both 
these BL Lac objects exhibit a jet-like nebulosity extending 
wp to ~3 arcs from the stellar nucleus’? T, 


The lunar occultation and IPS observations at 327 MHz 
were made using the Ooty radio telescope. The methods 
of reducing such observations are described elsewhere”. 
The results are given in Table 1, Figs 1 and 2. Occultation 
scans were observed for three position angles across 
AO0235-+164 on 28 August and 18 November, 1975 and 
for four position angles across 4C03.59 between December 
1973 and October 1974. The IPS observations were reduced 
using PKS1148—-00 as calibrator, for which observations at 
Ooty have shown that its scintillation index rises to a 
maximum value of 85+5% (S. Ananthakrishnan, personal 
communication). 

After applying corrections for beam-broadening to the 
restored strip scans of Fig. 1, we estimate the half-power 
width of an equivalent gaussian source to AOQ0235+- 164 to 
be 3.0+1.4, 6341.8 and 3.7+1.5arc s in position angles 
of 21°, 66° and 140°, respectively. Thus AOQ0235+ 164 is 
resolved significantly at 327 MHz. We have also carried 
out IPS observations of this source on 10 days during April 
and May 1977, which indicate a scintillating component of 
size <0.l arcs containing a flux of 0.75+0.15 Jy out of 
the total 1.07+0.11 Jy at 327 MHz (Table 1). A simple inter- 
pretation of these measurements would be that at 327 MHz 


a nnn 


Table 1 The observed parameters at 327 MHz 
A002354- 164 4C03.59 





RA (1950) 02n 35m 52.61 +0.04s 23h 35m" 34.28 +0.038 
(02 35 52.63+0.04)t (23 35 34.25 4.0.03) 4 

Dec. (1950) + 16°24’ 04.5+0.5” +03° 10’ 11.6+0.4" 
(+1624 04.3+40.4)t (4-03 10 11.84.0.5)t 

Flux density* 1.07+0.11 Jy 4.3 40.3 Jy 

Flux of the 

IPS component 0.75 +-0.15 Jy 0.40.2 Jy 

Size of the 

IPS component <0.i arcs 0.25 -+0.05 are s 





sanamen 


* The flux scale is as defined by Veron, Veron and Witzel*®. 

+ The values inside brackets are the centroid positions measured at 
2.7 GHz using the RRE interferometer’**? and are in excellent 
agreement with the positions of the identified optical objects, measured 
on the Sky Survey prints to an accuracy of +0.4 are s in each 
coordinate!®?", 
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Fig. 1 The strip-brightness distributions across AO0235 + 164 are 

shown for the three indicated position angles. The resolutions are 

indicated by bars. Right ascension increases to the left. The scan 

in position angle 66° was observed-on 18 November 1975 near 
the peak of the major radio outburst of this source!+-, 


the source consists. of-a. core of size <O.l arcs which 
accounts for nearly two-thirds of the.total emission and an 
underlying extended component having a size of a few arcs. 
During VLBI- observations”, carried out in. 1970 with a 
fringe spacing.of .0,05.arc.s, the source showed a maxi- 
mum amplitude of 0.97+0.27 Jy at 430 MHz, as compared 
with the total flux of 1,50+0.16 Jy measured by Sutton 
et al. at 408 MHz”. These two measurements indicate that 
either the entire flux is contained in a gaussian source of 
size ~0.02.arcs which was only partially resolved by 
the VLBI or, alternatively, that the measured visibility was 
due to an unresolved core of size <0.0l arcs and the 
remainder flux comes from a broad component. The latter 
interpretation would be consistent with the simple model 
suggested above. 

After correcting the strip scans shown in Fig. 2 for 
beam-broadening, the half-power width of the source, 
4C03.59(2335+031), is estimated to be 1.5+0.5 arcs. 
The source profile in position angle 109° shows a faint but 
probably real extension towards east. This could be identi- 
fied with the optical nebulosity of a few arcs which is seen 
extending from the stellar object identified with this 
source”, In addition to the above structure, there is also 


Fig. 2 Strip-brightness distributions across 4C03.59 are shown 
for the four indicated. position angles. The resolutions are 
indicated by bars. Right ascension increases to the left. 
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evidence for a more compact, scintillating core contributing 
1045% of the total flux at 327 MHz (Table 1). 

The extended. radio features of size >parcs detected 
in these two BL Lac sources have brightness temperatures 
exceeding ~10°K at 327 MHz. Hence their emission. at 
metre wavelengths is likely to be predominantly non- 
thermal. Assuming that the absorption-line redshift 
z=0.852 for AQ0235+ 164 represents its cosmological red=: 
shift and for Einstein-de Sitter model with H=50 kms” 
Mpc™', the extended component of this source hasia size 
of ~50 kpc and a minimum energy density of ~10°" erg 
cm™ in the form of relativistic electrons and magnetic field. 

Like many QSOs, the BL Lac ‘source AO02354 164. 
exhibits multiple absorption systems". The absorption could: 
arise either in the intervening galaxies along the line of 
sight or within gas clouds located near its nucleus and 
being driven away due to its large radiation pressure”. 
An important requirement in the latter model is that: the 
gas clouds do not- expand freely during their: outflow; 
though the mechanism of. their confinement © is not. 
clear’. The. confinement may occur due to external 
pressure caused by the extended non-thermal component;. 
provided the simple core-halo model of the source is valid. 
But, the present. observations are also consistent:with a more 
complex structure. without a halo. It may also be noted: 
that the mildly relativistic speeds of the outflowing absorb- 
ing clouds, as are- inferred. from the multiple-redshift 
systems in QSOs and AQ0235+164, are attainable only in’ 
a period of 710° yr after the ejection”. It is interesting that 
a similar age of 210° yr is also implied for AO0235+ 164 


by the measured size of its extended component, taking- < 


this non-thermal component to be an expanded remnant 
of the past activity in its nucleus. oy 
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A constraint on the universal baryon 
density from the abundance of ’ Li 


THE observed interstellar abundance of 7H has been used'? to 
estimate the mean baryon density (pp) of the Universe. This 
follows, because (1) there is no plausible source for 2H other than 
the primordial big bang and (2) the production of 2H ina standard 
big bang decreases rapidly with increasing p». If one then assumes 
that all 2H was formed in a big bang, the observed abundance’ of 
this nuclide requires a value of pẹ sufficiently low! that. for a 
cosmological constant A=0, the present expansion of the 
Universe will continue forever and the Universe is open. A major 
weakness in this argument is that another source of 7H may be 
found. It has been suggested, for example, that 2H could be made 
in shock waves accompanying a supernova explosion; this now 
seems unlikely’, but other mechanisms will certainly be suggested, 
so that it is important to obtain confirmation of the above 
conclusion. The predicted production of "Li in a big bang? varies 
rapidly with pp and could be used to estimate py if the fraction ofthe 
observed “Li made in the big bang were known. Unfortunately 
there are many possible sources* of Li and such estimates must be 
regarded with scepticism. In this note we point out that 7Li can be 
used to place an upper limit on pp, even if other production 
mechanisms are important, and that this limit also strongly 
favours an open universe. This possibility arises because the big 
bang production of Li increases with increasing pẹ (for 


Mass fraction 








Fig. 1 Abundances of 7H and “Li produced in a standard big bang 
(adapted from ref. 8. The present black body temperature is taken to 
be 2.90 K, see ref. 9.) The vertical line labelled p, (55) is the density 
necessary to close a Friedman universe with A = 0, if Ho =55 kms” t 
Mpe™? Ún general p, = 5.7 x 107° (H,/55)°). The point labelled X, is 
the mass fraction of "Li corresponding to the abundance given by 
Boesgaard®, while that labelled Xp is the mass fraction of 7H from the 
summary of ref. 2. (This latter value is smaller than that used by Gott 
er alt, mostly because they include an estimate of the effects of 
astration). The uncertainty indicated for XY, isa factor of two in either 
direction while that for Xp covers the range from a factor of four 
smaller to a factor of two larger'®. Corresponding values of p, and 
their uncertainties are also shown. The value of p, determined from 
the "Liabundanceis only an upper limit if there are significant sources 
of ’Li other than the big bang. 
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pe > 10731) so that an upper limit is obtained by attributing all of 
the observed *Li to the big bang. 

We have adopted here Boesgaard’s® value of the Li abundance 
which yields® a fractional abundance by mass of ‘Li, 

„=5x 107°. Assuming the big bang must not synthesise more 
than this amount leads to pp <!.1 x 1073° gem™ >. Asis shown in 
Fig. 1, this is substantially less than the critical value p. necessary to 
close a A =0 Friedman universe. 

The uncertainty in X, is perhaps a factor of two; the meteoritic 
value®. for example, is ¥;=8 x 107°. Substantially larger values 
have been seen* in a small number of red giant stars, but these 
values presumably reflect a local production mechanism. Allowing 
fora factor of two uncertainty gives an upper limit closer to pe but 
still favouring an open and forever expanding universe. 

The existence of mechanisms which destroy ‘Li weakens the 
limit on py since the big bang may then have made more *Lithanis 
now observed ; conversely, discovery of additional sources of Li 
strengthens the limit. Astration of primordial material is pre- 
sumably the most important destruction process. Estimates of the 
fraction of matter which has passed through stars are rather 
uncertain but are typically about 0.5. It has been pointed out?’, 
however, that infall of primordial material from the galactic halo 
may be significant and would tend to compensate for the effects of 
astration for those nuclei produced in the big bang. Other sources 
of *Li are generally rather speculative?, except for production in 
the cosmic rays which yields roughly 10°, of the observed "Li 
Since these various effects tend to offset each other, the observed 
value of X, seems reasonable but subject to uncertainty. 

If it is a good approximation to ignore both astration and 
sources of 7H and ‘Li other than the big bang, their observed 
abundances each separately determine the density. An estimate 
based on the 7H abundance Xp is shown in Fig. 1, and is in good 
agreement with the density obtained from "Li. Effects of astration 
would tend to worsen this agreement. Thus when other possible 
contributions to Li are better understood, the requirement that 
the big-bang contribution to X, and Xp yield the same value of P, 
may be a strong constraint on allowable astration. 

We assumed above that the cosmological constant A = 0, While 
this is consistent with the available data, a non-zero value cannot 
be excluded, except on aesthetic grounds, and its effects must be 
considered. It has been found! ' that for reasonable values of A, the 
limits on py from the °H and “Li abundances are essentially 
unchanged. But, the simplest relationship between p» and the 
curvature and evolution of the Universe is no longer valid!?. 

In summary, the simplest and most straightforward assump- 
tions concerning the origin of ’Li and the nature of the big bang 
expansion require an upper limit for the present universal density 
of pp=(1.1 [+1.1 or —0.4})x 10°29 g cm~*. Given that the 
Universe is indeed a Friedman universe with zero cosmological 
constant, the agreement between the present limit and that based 
on 7H strongly supports the conclusion of Gott er al.' that the 
Universe is open and will continue to expand forever. 

This research was supported by the USNSF. 

Note added in proof: It has come to our attention that 
conclusions similar to those reached here have been discussed by 
G. Steigman at the Harvard Neighborhood Meeting on Cos- 
mology, October 1975. 
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Quantitative analysis of the 
Dermott-Gold theory for Uranus’s rings 


Dermott and Gold! have attempted to explain the locations 
of Uranus’s rings in terms of resonances between ring particles 
and pairs of satellites, such that each particle librates about 
consecutive conjunctions of the satellites. The libration argu- 
ment is given by 


K = hy-(p+1)a.+ prs 


where à; = njt-+-constant, i = 1, 2, 3, are the mean longitudes 
of the ring particle and the satellites, and p is an integer. Despite 
the apparent success of the theory in predicting the main ob- 
served features of the rings, it is necessary to investigate the 
strength of the resonances in more detail before any con- 
clusions can be drawn. This letter summarises the outcome of 
such an investigation which supplements the previous largely 
qualitative analysis'. 

Aided by a study by Wilkens? of possible three-body re- 
sonances involving one minor and two major planets, I derived 
an equation of motion analogous to that of a pendulum 


aK 
= @sink 





dr? 


where c is found to be roughly proportional to myms-(az/a3)°, 
that is the product of the masses of the two satellites times the 
ratio of their semi-major axes to the p-th power. In Table 1, 
the first column gives the mass products adopted by Dermott 
and Gold for various pairs of satellites. The second column 
contains the range of values for p = (#,-1.)/(m,-n3) required 
to span the observed width of the ring system—roughly 45,000- 
52,000 km. The corresponding range of c-values and of libration 
periods (P = 2m-c~*) are given in the final two columns (the 
quoted periods are for zero-amplitude librations; the period 
increases slowly with the amplitude, being twice as large for 
164° as for 0°). Since ¢ > 0, librations can occur only about 
K = 180°. 

On the basis of the magnitudes of the product mam, and the 
resulting ring pattern, Dermott and Gold concluded that the 
observed pattern is probably due primarily to the Ariel-Titania 
and Ariel~Oberon pairs. From the values of c, however, we 
now see that the correction factor (a,/a,)? makes Miranda 
play the key role rather than Ariel, in spite of the small mass of 
the former, Furthermore, the single combination Miranda-- 
Ariel dominates over all the others in terms of efficiency and 
predicts ring radii for p = 7, 8 and 9 which are very close to the 
radii obtained by Marsden? for the e,, y, and a rings, respec- 
tively. Therefore, when applied to this and other satellite pairs, 
the Dermott-Gold mechanism, as modified here, seems to have 
the capability of explaining the observed ring locations. It is 
not clear, though, how much statistical weight this argument 
should be given, one problem being that the model may predict 
too many rings—which, incidentally, provides hope for a future 
observational test. The relatively low p values of the pairs 
involving Miranda may also add some new credibility to the 
theory. It is interesting to speculate that even lower values for 
p—and higher ones for c—-would be attainable for a hypo- 
thetical pair of satellites involving Miranda and an as yet un- 
discovered satellite inside it. After all, the 80,000-km wide gap 
between the rings and Miranda is not likely to be entirely 
empty. 

On the other hand, the very long libration periods derived in 
Table 1, when compared with revolution periods of only about 
a third of a day for the ring particles, put very tight constraints 
on the semi-major axes of librating particles. A radial displace- 
ment of the order of Aa, = a,-\/c/n, < 50 m is enough to 
disrupt the extremely weak particle-satellite-satellite coupling 
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~-and there are several competing forces that might set 
up a disturbance of that magnitude. Elliot ef al.* have estimated 
ring widths of from 12 to 85 km and particle sizes < 6 km. 
The theory cannot account for these observations unless the 
particles are assumed to have slightly eccentric orbits. One 
important question not yet answered is whether the restoring 
force of the particle ‘pendulum’ is sufficiently strong to over- 
come the Poynting-Robertson effect for reasonable particle 
sizes. 





Table 1 Ranges of p, c, and P = 2nc7t 





Satellites MM xX 10% p c(1,000 yr)? P(1,000 yr) 
Miranda, Ariel 19 7-9 53-18 0,87-1.5 
Miranda, Umbriel 5 4-6 5.0-1.1 2.8-5.9 
Miranda, Titania 32 3-5 6.9-0.69 2.4-7.5 
Miranda, Oberon 25 3-4 1.8-0,32 47-1] 
Ariel, Umbriel 99 15-20 4.6-0.73 2.9-7.4 
Ariel, Titania 580 8-11 2.1-0.15 44-16 
Ariel, Oberon 447 7-10 = 0,32-0.01 11-62 
Umbriel, Titania 170 20-26 (88-3.7)1074 67-320 
Umbriel, Oberon 131 15-19 (63-2.1)107* = (2.5-14)10? 
Titania, Oberon 770 66-83 (56-0,32)10~* (0.84-11)10* 





In conclusion, although sceptical of the Dermott~Gold 
theory, despite its ingenuity and elegance, I believe that a 
decisive test of the theory has to await further observational 
details of Uranus’s rings. In the meantime, it would seem ad- 
visable to look for alternative ring theories. For example, 
Colombo (personal communication) points out that it may be of 
significance that the period associated with the s ring is in 
the approximate ratios 5:4, 6:5, 9:8, and 11:10 to those as- 
sociated with the a, B, y, and 6 rings, One should not discount 
the possibility, either, that the rings may be transient features. 
not locked into any kind of resonance at all. 

This work was supported by NASA grant NGR 09-015-213. 
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Revenge of tiny Miranda 


DERMOTT and Gold’ have proposed a resonance model for the 
rings of Uranus. They assume the rings are, in fact, arcs composed 
of small particles librating about stable resonances determined by 
pairs of satellites, either Ariel and Titania or Ariel and Oberon. 
Dermott and Gold dismiss as insignificant resonances involving 
tiny Miranda. We report here that, by a wide margin, the strongest < 
resonances are all associated with Miranda. Furthermore, we 
show that the hypothesis that the rings are made up of librating 
particles, while original and ingenious, is incorrect. 

Before considering the quantitative analysis of the resonance 
model, we make two minor points. First, when allowance is made 
for the orbital motion (assumed prograde) of the ring material 
between occultations, it is found that the two occulting regions of 
each ring were physically only 35° (x ring) to 46° (e ring) apart. 
Thus, only short ares are required to fit the observations. Second, 
while large systematic errors may remain in the calculated absolute 
ring radii, the spacings between the rings are well determined and 
must be accurately predicted by a resonance theory. In Table 1, the 
spacings predicted by Dermott and Gold are compared with those 
deduced by Elliot et a/.? and Marsden’. The discrepancies seem to 
be larger than observational error and exhibit no systematic trend. 

We have calculated the strengths of the resonances between a 
ring particle in circular orbit and either a single satellite or a pair of 


784 


satellites. The resonance strength is expressed as the magnitude of 
the resonant term in the disturbing potential, R, felt by the ring 
particle. Figure | shows the strengths of the most important 
resonances in the radial range 42x 10? km < a < 54x 10° km, 
which spans the ring radii. The only two-body resonances included 
in Fig. | are the 4:1 and 5:1 resonances with Miranda. Two-body 
resonances involving other satellites also lie in the range of the 
rings. The strengths, however, are too small for them to show in 
Fig. 1. 

The strongest resonances are the two-body resonances with 
Miranda which occur where 


day 
4 -n — 3 = 
Nya ay 0 
or (1) 
da, dQ dQ 
Ania he ee OS 
Ny i dy J 


Here, nu and n are the mean motions of Miranda and the ring 
particle, Qm and Q are the longitudes of their ascending nodes, and 
Gomis the longitude of Miranda’s periapse. The resonance strengths 
are given by Brouwer and Clemence’, 


d aut 
+2lat -s + 


eg) —256a+( 142 + 114x 
: da dg“ 


"| gh 
+ o) 2") 


and (2) 





GM my a d 
“4a M Lesina (8+5, bz, (a) 


where M is the mass of Uranus, mm and em the mass and 
eccentricity of Miranda, i the mutual inclination of the ring and 
Miranda’s orbit, and % = a/am. 

The functions b” are Laplace coefficients. 

There are three 5:1 resonances, corresponding to 





doy 
Sny—n~4—— = 0 
Nyon re 
da, dQ dQ 
Sig So ee eM 
nena ar Fat (3) 
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Sn 2-— 2 = 0 
at dl 


Using formulae given by Peirce®, we obtain the resonance 
strengths: 


5 GMmy a „| : ( d d? 
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where a and a now refer to the position of the 5:1 resonance. All of 
these strengths depend sensitively on the uncertain values of ey and 
i. Greenberg* has determined that ey ~ 0.012 andi = 4°, though 
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he regards the latter as “extremely model dependent”. Using these 
values, and noting, therefore, that only Rf and Rj are likely to be 
reasonably accurate, we obtain 


4 
Ri 
a 


6.6 x 10 


v 


Ri = 11x 107 = 


F, 
ie 


91x 10 


= 3.0107 


oo 
? 


GM 
and RÅ = 5.2 x 1071$ = 
a 


Next, we consider three-body resonances of the form 


qn—~(p+q)ng + pna =0 (8) 


where p and q are integers and n the mean motions with the 
subscripts A and B denoting the outer and inner satellites 
respectively. Both satellite orbits are assumed to be circles and to 
be outside the rings. The dominant resonant term in the disturbing 
potential arises as follows. Outer satellite A perturbs the orbit of 
inner satellite B, producing oscillatory variations in its radius and 
longitude with frequencies p(na — 1p). The potential at the ring due 


Fig. 1 The strengths of two- and three-body resonances in the 

neighbourhood of Uranus’s rings. @, The 4:1 and 5:1 resonances 

with Miranda discussed in the text and identified by e = ¢ y and o = sin 

(i/2); @. the three-body resonances for g=1 and values of p as 

indicated. The resonances previously! associated with the rings are 
shown as +. 


1071! 5 eg? 
#5 #4 a 8B y 8 € & i 


40713 
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to B moving on its perturbed orbit contains terms with frequencies 
qn—(p +q)Ng + pra. These include the resonant term and many 

š short period terms. Additional, but smaller (by a factor < 0.1), 
resonant terms arise from the attraction of A moving on an orbit 
perturbed by B. Finally, there are much smaller resonant terms due 
to the interaction between the direct perturbations of the ring by 
each satellite moving on its unperturbed circular orbit. The 
dominant resonant term is easily shown to be 


„OM Magda i MA 
"O 2a M? ap [pny =ni] 
h 2ng 
x {reco 40 Se RC z +ga) x 


8 3 2 
| | (+m) yol} o 


where a is orbital radius, m the satellite mass and « = a/ap, B 
= ap/aa. The functions fk, 8x and Ay may be expressed in terms of 
Laplace coefficients (ref. 5) bs® by 





AA(x)= x bY), (x) — O35) Ot bS + Öki (10) 
g(x) = YAS D(x) bk3 YM OO] —~ Öki (11) 


hda) = Hos? Ox) bE P (C—O, CO/x+26,, 2) 


We have calculated the strengths of all g = I resonances due to 
each pair of satellites using power series approximations for the 
Laplace coefficients and satellite parameters from Greenberg?*. 
The results are displayed in Fig. 1, with a smooth curve connecting 
the resonances due to each satellite pair, It is apparent that 
resonances involving tiny Miranda, the innermost satellite, dom- 
inate the field. The Ariel-Titania and Ariel~Oberon resonances 
advocated by Dermott and Gold! are relatively weak and 
presumably incapable of determining the ring locations. 

Figure | shows that the strong Miranda—Ariel resonances lie 
close to four of the rings: Millis et a/.’s ring 5 (ref. 7) and Elliot et 
al.’s rings a, y and £2, (ref. 2). Differences between Marsden’s? 


Table 1 Observed compared with resonant ring spacings 


Spacing (km)* 
Resonance 
Ring pair Marsden? Elliot erai.2 model! Difference (km) 
a, B 949 926 1,026 +89 
yë 680 672 800 +124 
Ep 62 632 ~ 600 483 ~ — 130 


ka *Calculated values are averages of occultation ehtry and exit results. 


calculated positions for these rings and the resonances correspond- 
ingtop = 10,9, 8 and 7 are 155, 96, 157 and 111 km, respectively, 
for an assumed Jz = 0.013 for Uranus. As a consequence of the 
approximate Laplace relation satisfied by the mean motions of 
Miranda, Ariel and Umbriel®, several weaker Miranda—Umbriel 
and Ariel-Umbriel resonances also approximately coincide with 
the above rings. Furthermore, the 4:1 resonance with Miranda is 
located about 114 km inside Marsden’s? position for the e, ring. 
Despite the near coincidences between the locations of the 
Strongest resonances and some of the rings, the rings cannot be 
made up of librating material. The maximum radial width of an arc 


of librating particles is 
aR \i? 
W = 8) —— | a (13) 


From the resonance strengths, we obtain W ~ 0.7 km for the 4:1 
resonance and W g 0.07 km for the strongest Miranda—Ariel 
resonances. By comparison, the widths of the observed rings range 
from 1-10 km for the inner rings and 30-100 km for the z ring or 
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rings. Furthermore, libration occurs about a relative maximum of 
the potential energy in the frame rotating with the resonant mean 
motion. Thus, inelastic collisions among the particles would be 
destabilising and lead to the dissolution of a compact are of 
librating material. We conclude that if the ring positions are 
determined by resonances, the control is more subtle than 
previously suggested. One possibility is that the rings are the crests 
of nonlinear density waves in an optically thin disk of particles. 
Calculations of the resonant excitation of density waves in 
Saturn’s rings have shown that even weak resonances produce 
nonlinear waves’. 

We thank G. Colombo for helpful discussions and acknowledge 
the support of NASA Grant NGL 05-002-003. 


PETER GOLDREICH 
PHILIP NICHOLSON 


Division of ‘Geological and Planetary Sciences, 
California Institute of Technology, 
Pasadena, California 91125 


Received | August; accepted 31 August 1977. 


1, Dermott, S. F. & Gold, T. Nature 267, $90--593 (1977), 

2. Elliot, J. L., Dunham, E. & Mink, D. Nature 267, 328-330.(1977). 

3. Marsden, B, G. JAU Cire, No. 3061 (1977), 

4. Greenberg, R. Icarus 24, 325-332 (1975), 

$. Brouwer, D. & Clemence, C. M. Methods af Celestial Mechanics 490-494 (Academic, New 
York, 1963). 

6. Peirce, B. Asir, J. 1, 1-8, (1849), 

7. Millis, R. L., Wasserman, L. H. & Birch, P. V, Nature 267, 330-331 (1977). 

8. Sinclair, A. T. Mon. Nat. R, astr. Soc, 171, 59-72 (1975), 

9. Goldreich, P. & Tremaine, 8, fearus (submitted). 


EERE ASE aS RT NE ISIC OTE EY YEN Ht 
Identification of water frost on Callisto 


THE 3.1-um absorption band of water frost has been 
tentatively identified in spectra of the Galilean satellites . 





Ganymede and Callisto. This is the first positive evidence . 


for water frost on the surface of Callisto. The depth of 
this absorption band on both satellites is about twice as 
deep as is inferred from the depths of the water frost bands 
at 1.5 and 2.0 um. Previous high resolution spectral studies 
(AA/A~0.02) of the Galiliean satellites in the 1.0-2.5 um 
region have identified water frost on the surfaces of Europa 
(J II) and Ganymede (J HI) from the presence of character- 
istic water frost absorption bands at 1.5 and 2.0 um’~°. All 
studies failed to positively identify water frost on either Io 
(JD or Callisto (J IV) but were used to set an upper limit 
of 5-25% (surficial coverage) for the amount of water frost 
on Callisto’. The spectrum of water frost also has a 
characteristic band at about 3.1 m which is stronger than 
the ones at shorter wavelengths**. Previous studies have 
shown a decreased reflectance between 3 and 44m for 
Callisto, but water frost could not be positively identified 
because of low spectral resolution’ and poor signal-to- 
noise and the problem of using the Moon as a standard 


because of the onset of lunar thermal emission beyond .. - 


2.5 um (refs 1,2). 

Broadband (J, K, and L) and narrowband (3.0-3.8 um) 
observations of Ganymede and Calisto were made on the = 
nights of 7 November 1976 and 29 November 1976 (ur). 
with the Mount Lemmon 28-inch infrared telescope which 





Table 1 Flux calibration 
Zero magnitude fiux density 





Wavelength (um) AÌ (um) (Wem? um) (W m? Hz} 
1.25 (J) 0.3 3.40 x 10-33 1.77 x 10733 
2.22 (K) 0.5 4.14 x 107 6.80 x107 — 
3.03 0.07 1.28 x 10-4 3.92 x 1074 
3.12 0.1 1.10 x 1071 3,57 x 10-4 
3.43 0.2 7.62 x 10-8 2.99 x 107% 
3.45 (L) 0.9 7.43 x 107" 2.58 x 10~? 
3.73 0.5 5.56 x 10-8 


2.46 x 10 





J and K values from Low and Rieke®. All others are inte 
values from the K and L values of Low and Rieke’. 
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employs a rocking secondary mirror to chop the beam 
25arcs on the sky. The infrared observational techniques 
and equipment are described elsewhere’. The filters used 
are listed in Table 1 along with the zero magnitude flux 
calibration. a Per and 8 Gem were the standard stars for 
these observations. The standard star calibrations derived 
from Johnson et al.* are given in Table 2. The standard star 
observations were internally consistent to better than 0.05 
mag and all satellite measurements were made within 0.05 
air mass of a standard star measurement. ‘Intermediate’ 
air mass corrections were used’. Relative infrared reflect- 
ances were normalised to R} (1.25 um) = 1.0 after sub- 
tracting the appropriate solar colour. The solar magni- 
tudes used are given in Table 2 and are derived from Low 
and Rieke’ and Labs and Neckle™”. The log of satellite 
observations is listed in Table 3. 

The results of the observations are given in Table 4 and 
illustrated in Fig. 1. The spectra clearly show an absorption 
feature centred between 3.1 and 3.4 am. The band depth 
in the Ganymede spectrum is consistent with at least as 
much surficial coverage of water frost as estimated by 
Pilcher, et al.'! and Kieffer and Smythe’. The absorption 
band in the spectrum of Callisto is shallower than that of 
Ganymede, but is of the same general shape. This indicates 
the presence of an optically significant amount of frost on 
Callisto and is consistent with a surface exposure of water 
frost which is somewhat less than on Ganymede. 


aeneanm aeaa 


Table 2 Stellar calibration 





Wavelength (um) Magnitude 
Sun* a Pert B Gemt 
1.25 —27.81 0.87 —0.49 
2.22 -28.23 0.56 — 1.09 
3.03 -28.28 0.51 — 1.14 
3.12 -- 28,29 0.51 -1,14 
3.43 —~ 28.30 0.49 — 1.16 
3.45 —28.30 0.49 1.16 
3.73 — 28.32 0.47 — 1.18 
aeaea 


*1,25-um (J) magnitude calculated from the filter bandpass and 
the solar spectrum of Labs and Neckel’, 2.22 um (K) from Low and 
Rieke’. All others are interpolated values from K and L magnitudes 
of Low and Rieke’. 

{1.25-um (J) and 2.2-m (K) magnitudes from Johnson, et al.®. All 
others are interpolated values from K and L magnitudes of Johnson, 
et al?. 


This absorption feature is deeper than might be expected 
on both satellites. Assuming that the rest of the surface is 
covered by a ‘grey? component (for example, silicate), 
Pilcher ef al.' used the observed visual albedo and the 
observed depths of the 1.5- and 2.0-um water frost features 
(upper limits for the case of Callisto) to determine the most 
probable surface coverage of water frost for Ganymede 
and Callisto. The depth of the 3.1-um band can be predicted 
from the relative depths of the 1.5-, 2.0- and 3.1-~m water 
frost features, the estimated surface coverage of water 
frost, and albedo of the frost and ‘grey’ material. The 
predicted depth of the band is only about half as deep as 
observed on both Ganymede and Callisto (see Fig. 2a). 
One possibility is that the non-frost component has a flat 
relative reflectance from the visual through 2.5 um and a 
lower reflectance in the 3-4-pm region. This may be in- 
dicative of the presence of dark hydrated minerals (for 
example, carbonaceous chondritic material) whose spectra 
show water absorption in the 3-4-um region, but whose 
water absorption features shorter than 3 wm are suppressed 
by the presence of dark material (W. Salisbury, personal 
communication and ref. 11). Alternatively, the relative in- 
consistency between the band depths at 1.5 and 2.0 nm 
compared with 3.1 um may be due to the intimate mixing 
of a significant amount of the ‘observed’ water frost with 
he ‘grey’ material, thus suppressing the short wavelength 
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Table 3 Log of Data 





Date (uT)* Wavelength Magnitude 
(November 1976) (um) H 
7.34 1.2 4.36 
7.35 3.0 5.17 
7.35 3.1 5.53 
7.36 3.4 5.49 
7.36 3.45 5.04 
7.36 3.7 4.96 
7.41 3.7 4.80 
7.42 1.2 3.42 
7.43 3.0 5.41 
7.43 3.1 5.90 
7.43 3.4 6.34 
7.44 3.45 5.68 
29.28 3.45 5.05 
29.28 3.7 4.99 
29.29 2.2 4.16 
29,30 1.2 4.43 
29.32 3.4 5.44 
29.32 3.0 5.04 
29.33 3.1 5.64 
enere 


*Each point consists of 2-3 separate measurements at the same 
wavelength taken less than 10 min apart. 


bands relative to the much stronger 3.1-um band. Either 
of these would be consistent with the models for the forma- 
tion and evolution of the Galilean satellites that predict 
relatively unaltered surface crust of water frost and silicates 
for Callisto”. 

Recent airborne telescopic observations of the Galilean 
satellites and laboratory studies of hydrated minerals bear 
out both of these possibilities. The telescopic observations 
covering the spectral region 1-5 um (AA/A~0.03) show a 
very strong absorption feature centred at about 2.8 to 3.0 


Fig. 1 Relative reflectance of the satellites J HI (Ganymede) 
(@) and J IV (Callisto) (O) normalised to Ra (1.25 um) = 1.0. 
The broadband L point (3.45 jm) has been deleted for clarity. 
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Table 4 Normalised reflectance 
Wavelength JT JIV J IV J Iv 
(um) (6-7 November 1976) (6-7 November 1976) (28-29 November 1976) (Mean) 
1.25 1.00 1.00 1.00 1,00 
2.22 0.87 +0.02 0.87-+0,02 
3.03 0.10+0.01 0.31 +0.01 0.37 40.02 0.32+0.01 
3.12 0,06 +0.01 0.22+.0.005 0.21 +0.01 0.22 +0.005 
3.43 0.04 +-0.005 0.22-+0.01 0.26 4+-0.01 0.24+0.01 
3.45 0.08 +0.005 0.34+0.005 0.36-0.01 0.34-+0.005 
3.73 0.180.005 0.37+0.01 0.38 +0.01 0.37+0.01 








l 2 3 4 
Wavelength (um) 


Fig. 2 Comparison of the relative spectral reflectance of 
Callisto to possible surface materials. a, Water frosts (absolute 
reflectance); b, montmorillonite, (Mg, Fe, Al,+(OH), 
(Si, Al, Fe)s Oz- n 6 H,O; c, Montmorillonite, cooled to about 
150 K (reflectance, arbitrary units; d, Ratio c/b. For each curve, 
x and @ represent the relative reflectances (for the filter band 
passes used) of Callisto and the materials in question, respec- 
tively. © represent the relative reflectances in the filters of a 
mixture of water ice and a ‘grey’ material as estimated by 
Pilcher, et al for the surface compositon of Callisto (10% 
water frost and 90% ‘grey’ material). a is from Smythe‘. All 
other curves are from Lebofsky®. The extension of curve 
b down to 1.0 pm was taken from the results of Nash and 
Fanale*, 


um which has been tentatively identified as being due to 
water of hydration’. These data are consistent with the 
results presented here, but are not of sufficient signal-to- 
noise to make an absolute match. 

Using X-ray diffraction techniques it has been shown 
that when hydrated. minerals (bentonite-water pastes in 
these studies) are frozen, all but two or three monomolecular 
layers of the interlamellar water migrates into the pore 
space to form ice. Reflectance studies (1.5-4.0 wm, AAJA: 
~0.002) of room temperature and frozen (~150 K) mont- 
morillonite and other minerals are being conducted”. 
Preliminary results are presented in Fig. 2, which shows 
that the water of hydration bands at 1.9 and 2.8 um. are 
decreased in strength and shifted to longer wavelengths due 
to the formation of water ice in the pore space. The 
absorption bands due to the water ice can be seen at 2.0- 


and 3.0-3.1 nm (Fig. 2d). It is clear from Fig. 2 that the. 


hydrated minerals alone do not match the spectrum of 
Callisto because of the presence of bands at 1.4 and 1.9 um 
and the differences in the 3-4-~m band shape, but it seems 
that this may be overcome by the addition of dark 
carbonaceous material (to suppress the 1.4- and 1.9-um 


feature) and some water frost (to increase the band depth __ 


in the 3—4-um region). : 
Based on the previous identification of water frost on the 
surface of Ganymede from shorter wavelength data, we 


infer the presence of water frost on the surface of Callisto — o 


from similar bands at 3-4 um on both satellites. The depths 
of these bands may also indicate the presence of water 
of hydration, though how the frost and hydrated mineral 
may be mixed are as yet unknown. 

I thank the University of Arizona, Lunar and Planetary 
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Rieke, F. Fanale, T. Johnson, D. Matson, and G. Veeder 
for helpful discussions. I was supported by a National 
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this research. This paper is JPL Planetology Publication 
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Isotopic composition of 
uranium in chondritic meteorites 


Tue isotopic composition of uranium has been extensively 
measured for terrestrial U ores by precise gas mass spectro- 
metry'?; measurements on other rock-types and minerals are 
limited, Analyses of lunar material®~* have shown the 
438[J/235() ratio to be the same, within experimental error, as 
the accepted value for terrestrial U (from pitchblende), namely 
137.88 +0.14 (ref. 8). Measurements of the isotopic composition 
of U in five meteorites are reported here. The data show that 
variations in the U isotopic composition exist in these chon- 
drites, and indicate the presence of components of low 2381] /235LJ 
ratio. For meteorites there does not seem to have been any 
published attempt at a direct measurement of the ?3#U/?U 
ratio. In meteorite chronology it is generally assumed®~™ 
that the U isotopic composition in meteorites is the same as 
that on Earth. 

The samples used consisted of whole meteorite fragments 
free from fusion crust and broken from the interior of a given 
meteorite. A modified form of the method given by Arden and 
Gale?? was used for the separation of U, which was carried out 
in clean-room conditions. The separated uranium was 
loaded, in water, on to an outgassed zone-refined V-shaped 
Re filament, previously completely covered on its top surface 
with a thin film of colloidal graphite and carefully evaporated 
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to dryness. Rigid control was maintained throughout on fila- 
ment preparation, loading and running conditions. The mass 
spectrometer and ion-counting system used have been 
described”. 

The isotopic abundance of U, using NBS 950a standard, 
was measured in the range 0.2 to 20x10 g. The measured 
mean 23°U/?5U ratios ranged from 136.82 to 138.33 with a 
single-run internal precision of about +0.2% Com). To 
check for any possible interference effects or suppression of 
emission, some runs were made after passing the U through 
the separation procedure and with an excess of tri-n-butyl 
phosphate. The variable mass fractionation between runs as 
measured by the standard deviation of replicate measurements 
was +0.37%. 

The total range of U standard measurements about the mean 
value of 137.59 was +-0.5°%, which is similar to that obtained 
with the use of #99U/226U spike!* at the 0.1-yg U level. No 
measurable in-run fractionation, over the temperature range 
1,600-1,700 °C, was observed. The U loaded on to the filament 
was in a highly purified state and no residue was visible. On 
the standard and sample runs a ‘clean’ spectrum was obtained. 
The metal—oxide ion ratio was of the order of 1,000:1 and the 
238LJ count rates were in the range 10° to 0.7 10° p.p.s. 
Sample data, measured U isotopic compositions, whole 
meteorite concentrations and computed overall whole meteorite 
isotopic compositions are given in Table 1. 

The results show that U in the meteorites analysed is a mixture 
of components of widely different #°*U/?*U ratios. One 


Table 1 Measured uranium isotopic compositions and concentrations 





Acid* 


(a) HNO; 
(b) HCI 
(c) HNO; 


(a) HNO, 
(b) HCI 
(c) HNO; 


Allende C3V 1 1.40661 HF/HNO, (a) HNO; 
(SD (b) HCI 
(c) HNO; 


(a) HCI 
(b) HNO, 
(c) HCI 


(a) HNO, 
(b) HCI 


(a) HNO; 
(b) HCI 


(a) HNO, 
(b) HCI 


(a) HCI 
(b) HNO; 


(a) HNO, 
(b) HCI 


(a) HNO; 
(b) HCI 


(a) HNO; 
(b) HC! 


(a) HCI 
(b) HNO; 


Mass (g) 
1.62417 


Decomposition 
HF/HNO; 


Meteorite 


Parnallee LL3 
(BM 34792) 


Barwell L5 1.58409 HF/HNO; 


(BM 1966, 59) 


2 1.54161 HF 


3 1.54537 HF/HNO, 


Bruderheim L6 1.49691 HF/HNO, 


(B.93 UA) 


Richardton H5 1 
(100 h ASU) 


1.38167 HF/HNO, 


2 1.32330 HF 
3 1.43620 HF/HNO, 
4 1.47548 HF/HNO, 
5 1.33912 HF/HNO, 


(BM 1920, 511) 6 1.29820 HF/HNO, 


Measured isotopic compositiont Ut 
2380/230 m (10~ g per g) 238( 7/235) § 
137.07 +-0.26 46 10.60 -+0.04 
93.98 -+-0.34 27 0.468 +-0.004 134.3 
72.46 -+0.85 17 0.020 +.0,.002 
137.99 + 0.36 27 12.38 +0.05 
133.53 +1.04 17 0.702 +.0.005 137.5 
40.23 +0.73 6 0.010 +0.002 
137.38 +-0.30 32 15.01 +-0.06 
131.11 +0.37 20 0.410 +0,005 136.9 
45.65 +1.13 22 0.020 +0,002 
132.32 4-0.34 32 5.86 4-0.03 136.1 
139.11 -+0.46 20 7.80 -+0.03 
63.19+0.19 20 
136.12 +0,39 29 13.71 +0.07 
126.21 +0.89 20 
137.14+0.18 30 7.47 +0.03 136.6 
122.26 -+0.79 23 0.249 +0.003 
123.51 -+0.21 31 9.37 +0.04 124.4 
135.77 +0.36 22 0.779 0.005 
134.66 +-0.38 16 4.27 -+0.02 106.8 
92.07 +0.12 40 5.58 +0.02 
136.71 -+0.14 15 8.76 4-0.04 133.1 
103.72 +-0.14 39 0.808 -+-0.006 
136.50 -+0.28 21 9.72+0.05 136.5 
136,58 +0.21 38 0.96 40.01 
134.98 +0.36 19 10.22 +0.06 134.6 
132.51 +0.43 29 1.54 -+0.02 
135.68 +0.22 34 10.08 4-0.04 135.6 
132.10+0.55 23 0.228 -+ 0.004 


Sources of Meteorites: ASU, Arizona State University (Centre for Meteorite Studies); UA, University of Alberta; SI, Smithsonian 


Institution; BM, British Museum (Natural History). 


* (a), Dried residue heated, in autoclave for 1-2 d at ~180 °C with 7 ml of either 7M HNO, or 6M HCl. The solution was removed, a 


further similar volume of the acid added and the heating cycle repeated. The two extracts were combined. (b), As for (a), with next acid. 
(c), A very small residue often remained after (a) and (b). For some of the samples this residue was heated with 16M HNO, or 6M HCI at 


m180 °C for 4 d. 


+ Measured ratios were corrected for dead-time but not for blank. (Complete blank ~0.01 ng, separation blank ~0.004 ng.). m, No. of 
data cycles (each cycle consists of the mean of 5 measured ratios). Gm, Standard deviation of means. 


t Calculated using measured ***U/***U ratio, but not corrected for blank. 
§ Overall 2°*U/2#U ratio for the whole meteorite sample—computed from the total no. of atoms of the respective isotopes in each 
extraction. 
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component of terrestrial, or near terrestrial, isotopic com- 
position is usually present at the normal abundance level 
(~ 10partsin 10°) and is readily dissolved (after HF attack) by HCI 
or HNO. The others with lower measured ?3*U/25U ratios 
are present in low abundance in the whole meteorite, and, as 
indicated by the prolonged acid attack at elevated temperature 
and pressure required to release the components (see Table 1), 
seem to be contained in very resistant phases. The distribution 
of the latter components within the whole meteorite samples 
is probably very heterogeneous. Fission track studies in 
chondrites show that changes in U concentration by factors of 
10° may be observed over distances of ~ 10>? cm (ref. 14). 

The dissolution process, however, can influence the con- 
tribution made by each component to the U isotopic composition 
in each fraction. After decomposition, the dried complex 
fluoride residue is leached with a high concentration of acid at 
elevated temperature and pressure, This dynamic equilibrium 
process releases species occluded in the precipitate so that they 
remain in the solution phase, and has been shown to give 
quantitative solution of U (‘major component’) in HCl 
(ref. 12) and HNO,,. If, however, one or more component 
phases are present which are attacked by HNO, or HC! but 
possibly only to a very limited extent (in these experimental 
conditions) by HF or HF/HNO, during sample decomposition, 
then the rate and extent of dissolution of this phase depends 
on several factors. Among these are its physical state (dispersed 
surface coating or discrete mineral grains) actual time and length 
of exposure to the acid during the leaching process, as well as 
the activity of the acid in solutions of varying ionic strength. 
(The data obtained for the U standards, as well as the detailed 
analytical procedure used may be obtained from the author.) 

Some possible mechanisms by which heterogeneities could 
arise are: (1) In the two-spike model, Wasserburg ef al. pre- 
dicted that the r-process nuclei occurred in three stages; a 
large amount of initial production early in the history of the 
galaxy, followed by a relatively quiescent period (~ 3 10° yr) 
terminated by a nucleosynthetic event that possibly initiated 
the separation of the solar system. Incomplete mixing of matter 
from the two events in the relatively short time interval between 
the predicted terminal spike at 4.8 to 4.6 Gyr and the formation 
of the solar system could occur: matter from the last nucleo- 
synthetic event would have a low *38U/?®U ratio. (2) The 
presence of grains in the solar nebula that had previous existence 
in the interstellar medium could, if incorporated into the 
meteorite parent body, result in a variable but low 248U/?5U 
ratio, (3) Grains with a low #98U/255U ratio could result from 
the explosion of a Type II supernova which could have triggered 
the collapse of a nearby interstellar cloud and led to the form- 
ation of the solar system’. (4) Chemical fractionation of Cm 
and U in some region of the early solar system. The nuclide 
47Cm decays to *55U; thus if a large 247Cm/U fractionation 
occurred it would have produced enhancement in the abun- 
dance of °*U, resulting in a low ?3*U/25U ratio’®. 

I thank M. C. B. Abranches for evaluation of the mass 
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SERPET EASES EEEIEE EEE ETETE EETU ATEEN 
Stacking faults in dolomite 


Dotomrite, an important rock-forming mineral, is a mixed 
carbonate possessing trigonal symmetry (R3), with alternate 
layers of Mg and Ca atoms separated by planes containing the 
carbonate groups. Its ordered structure offers the possibility of 
extended planar faults of low energy and Barber! has shown 
evidence for stacking disorder in dolomite of high metamor- 
phic grade. There is no previous evidence, however, for the 
creation of extended faults as a direct result of deformation 
processes. We have prepared single crystals, approximately 
25 mm? in cross section and 10 mm long, and tested them in 
compression at temperatures up to 800 °C while subjected to a 
confining pressure of either 3 or 7 kbar. Specimens were mostly 
oriented to give a large resolved shear stress on the basal planes 
while minimising the stress for mechanical twinning on the 
f = {0112} planes. (We use four-digit indices for planes and 
directions referred to the structural hexagonal unit cell, with 
c = 16.01 A and a = 4.81 A.) It has been shown (optically)? 
that slip on (0001) and twinning on {0112} are common 
modes of deformation on dolomite. Using TEM methods, 
Barber! has shown that slip on {0112} can also occur in 
dolomite. The current observations were also made by high 
voltage transmission electron microscopy, using sections which 
were thinned first mechanically and then by ion bombardment. 

The extended planar faults are generated by slip on the basal 
planes and when viewed with the electron beam aligned parallel 
to a <2110> direction, they are visible edge-on as very 
fine lines of low contrast. They are thus easily distinguishable 
from long screw-type basal dislocations which are profuse in 
most samples, By tilting a foil of known orientation, (2110), 
through a measured angle about the [0110] zone axis (the line 
of intersection of a fault with the foil plane) and knowing the 
foil thickness, the fault plane has been shown to be unequivo- 
cally (0001). Local specimen thickness was determined easily 
because of the presence of small cleavage cracks on {1014}. 

Figure la shows the faults in minimum contrast, using a 0330 
reflection; the dislocations terminating the faults are clearly 
visible. The faults also have minimum contrast for reciprocal 
lattice vector g = 1120. In Fig. 1b, the beam is still nearly 
parallel to [2110], but both O175 and 022.10 reflections are 
operating to give strong fault contrast. In Fig. 1c a tilt of 
approximately 20° is applied to show fringed fault contrast, 
using +g = 1108 and —g, while in Fig. 1d the fault is invisible 
(g = 211.18) and the partial dislocations are in contrast. 
Although these observations were taken at 1,000 kV and 
dolomite is elastically anisotropic, the clarity of these contrast 
changes strongly suggests that we can calculate the displacement 
vector R in the usual manner, taking g. R = n, where n must be 
zero or an integer for zero contrast with a given reciprocal lattice 
vector g. Using the above data, this gives as a likely value for R 
the vector 4[1100], which is not a proper translation vector of 
the dolomite structure. As might be anticipated, the vector lies 
in the basal plane and, for example, when applied to a mag- 
nesium atom, translates it at 30° to the normal [1210] slip vector 
to a position directly above a calcium atom. This creates a 
stacking fault in the structure (not an antiphase boundary): the 
stacking fault is removed with a further displacement of 4{0110], 
giving 


${7100] + 4[01T0] = 4{72To] 


which is the normal slip vector of length 4.81 A. This reaction, 
of course, identifies the observed partial dislocations. We have 
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Fig. 1 Basal stacking faults in dolomite single crystal 4071 XD, 
compressed at 500 °C under a confining pressure of 3 kbar to a 
strain of 2.5% at a strain rate of 10~° s~'. The foil plane is (2110) 
and the faults are imaged at | MeV in various diffraction 
conditions: a, 0330 reflection; scale bar, 1 um; b, 0115 and 022.10 
reflections; c, 1108 and T108 reflections; d, 211.18 reflection. 


found that such stacking faults occur extensively in dolomite 
crystals compressed at temperatures of 300 500 °C. 

We have also observed that faint fringe contrast is sometimes 
created by the passage of dislocations on the {0112} slip planes. 
We have failed, however, to find a diffraction vector which 
brings the fringes into strong contrast and the fringes do not 
always terminate at dislocations but sometimes extend through- 
out the active part of the slip plane. It thus seems that the faint 
fringes, which indicate residual elastic strain, may be associated 
with a small fractional displacement vector, as occurs in 
orthopyroxene”. 

Evidence for stacking faults generated by slip in carbonates is 
new and it further emphasises the differences in mechanical 
behaviour between dolomite and calcitet. Until the work of 
Turner and Orozco’ on metamorphic calcite there was no 
firm evidence for basal slip in calcite, although it is the favoured 
low-temperature mechanism in dolomite. Braillon and 
Serughetti® have reported small (0001) planar faults in calcite 
but have attributed them to growth twinning. Our results, which 
demonstrate the existence of extensive stacking faults in dolo- 
mite, together with partial dislocations, are therefore novel and 
important. 

The work was supported by SRC grant GR/A 14599. We 
thank E. Amundarein, Magnesitas-Navarra, for dolomite 
crystals. 
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Acoustic imaging of the New 
England shelf-slope water mass interfaces 


PuLSED high frequency acoustics has been shown to have 
unique applications in the detection and measurement of 
oceanic phenomena such as internal waves™” and dispersion 
of ocean-dumped sewage sludge‘ or dredge material. With 
moderate to high pulse repetition rates, a virtually con- 
tinuous record of water column scattering strength is 
available to depths of the order of 500m from a ship 
travelling at speeds of 4 or 5 knots. We used this feature 
to detect acoustically the interfaces associated with an 
intrusion of cold New England shelf water into the warmer 
slope water during a 9-d period in June 1976. 

From 15 to 23 June 1976 measurements of effects of 
internal waves were made from the National Oceanic and 
Atmospheric Administration (NOAA) ship George B. Kelez 
in an area on the New England continental shelf partly 
shown in Fig. 1. Although measurements were made on 
three tracklines shown, most of the work concentrated on 
the centre trackline. A 1-kW 20-kHz pulsed acoustic system, 
specially modified for detection of weak signals scattered 
from the water column, was operated continuously through- 
out the cruise. Field operation of this system has been 
described previously’. Profiles using expendable bathy- 
thermographs (XBT) and a conductivity-temperature—depth 
probe (CTD) were obtained at regular intervals. 

Throughout the cruise, the acoustic record revealed a 
reflecting layer (Fig. 2) of limited horizontal extent and 


Fig. 1 Region of New England continental shelf where water 

mass interfaces were observed. Contours are in fathoms, dashed 

lines are tracklines along which most work was performed. X 

with a date denotes an observation of the intersection of the 

scattering layer offshore boundary and the ship’s trackline. The 

light dashed lines represent the width of the intrusion observed 
on 22 June. 
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rather variable location. Some observations of the offshore 
boundary of this layer are indicated in Fig. 1. The layer 
was observed in all cases (18 observations) to have a slope 
opposite to that of the bottom. As shown along the ship's 
trackline, the layer displayed apparent widths of 2.8-7.4 km. 
The last few records (for example, Fig. 2) of the scattering 
layer also show a second layer higher in the water column 
and parallel to the surface, but apparently descending to 
join the ascending lower layer at their offshore boundary. 
This made a sufficiently dramatic feature to finally get our 
attention. We then obtained XBT and CTD profiles through 
the feature when the cruise plan permitted. 

A series of three XBT profiles (Fig. 3) across the layers 
revealed that they occur in a region of transition between 
two distinct water masses. XBT 99 shows the bottom shelf 
water to have a temperature of about 7 °C while XBT 104 
shows the minimum temperature of the deeper slope water 
to be about 10 °C. XBT 103, taken in the region where the 
layers were present shows interleaving of 7 °C water with 
10°C water. The depths of the upper and lower steep 
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Fig. 2 A portion of the acoustic image showing the scattering 
layers associated with the intrusion interfaces (frequency 20 kHz). 
The left portion of the image, with darker background, rep- 
resents a distance of 5.6 km. The portion to the right of the 
interrupted bottom signal was made with the ship on station fora 
CTD profile. The CTD echo signal is visible on the image. 


temperature gradients in XBT 103 coincide with the depths 
of the acoustically reflecting layers measured at the moment 
the XBT 103 profile was taken. The gradient depths of XBT 
103 (taken at 0729 GMT, 22 June) may be compared with the 
depths of the reflecting layers in Fig. 2, observed at 
1325 GMT, 22 June. The slightly later acoustic image was 
chosen for its higher quality and clearer manifestation of 
the layers joining at the offshore boundary. In the right 
hand portion of Fig. 3 (the region of lighter background), 
the Kelez took station and a CTD profile was made and can 
be seen falling and then rising through the layers. The CTD 
temperature profile was similar to XBT 103 but showed 
very much steeper temperature gradients at the top and 
bottom of the 7 °C intrusion, 

The horizontal transition from 7 to 10°C water is a 
familiar feature. It is well known" that by June the surface 
shelf water has warmed due to increased net solar radiation 
while the bottom shelf water remains cold, typically about 
7 °C. The slope water is not cooled as much during winter 
mixing and has a minimum temperature of about 10 °C. 
During winter the shelf-slope water front is a well formed 
feature’, but spring surface warming over the shelf and 
slope removes the horizontal temperature contrast except 
in the lower water column. The reflecting layers manifested 
in the acoustic image are associated with nearly horizontal 
interfaces formed by interleaving of the shelf and slope 
water masses during spring and summer. 

The location of the shelf-slope water interface on the 
centre trackline migrated about 18 km northwards during 
the nine-day span of observations. Reflecting layers observed 
on 15 and 16 June were confirmed to be shelf-slope water 
interfaces by XBT pairs (7, 8, and 17, 18 respectively) taken 
north and south of the observed layers. On 17 June a layer 
observation on the western trackline, confirmed by XBT 26 
(not shown on map) and XBT 27, showed the shelf-slope 
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Fig. 3 Three XBT profiles (locations shown in Fig. 1) showing 

the changing make-up of the water column across the region in 

which acoustic scattering layers were identified as shelf-slope 

water mass interfaces. The temperature scale is actually three 
scales joined at the 20 °C points. 


water interface to be further south. We observed no reflect- 
ing layer associated with the water-mass interface on the 
eastern trackline but found the transition took place between 
XBT 46 42° 32’N and XBT 47 on 18 June. It would seem, 
then, that the shelf-slope water transition zone was in a 
north east-south west direction in the vicinity of this experi- 
ment. Curiously, from 19 through 22 June the deep water 
boundary of the transition zone was roughly stationary as 
shown in Fig. 1. Thus the boundary moved 18 km along 
the centre trackline from 16 to 19 June and moved very 
little in the next four days. 

The shelf-slope water transition zone apparently fluctuates 
significantly in location on a time scale of a few days. Also, 
Cresswell” has observed distinct parcels of shelf water in 
the deeper slope water indicative of a mixing process. If the 
conditions for scattering at these water mass interfaces are 
often suitable for acoustic scattering, it may be possible to 
observe acoustically the shelf-slope water exchange process 
occurring in the summer on the New England continental 
shelf. XBT and CTD profiles would be needed only 
occasionally to confirm that the scattering layers are the 
interfaces of interest. Most of the ship time would then be 
spent covering the area of interest in a regular fashion with 
sufficient frequency to resolve water mass movements as 
they occur. 
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Effect of climate on 


chemical composition of fossil bones 


Tue suggestion that microanalysis of nitrogen, fluorine and 
uranium in fossil bones should be used for age determina- 
tion’ assumes that the concentration of these elements 
varies uniformly in time. Vonach* has plotted calibration 
curves for the N and F content of fossil bones from the 
past 10° yr. The nitrogen content, N, can be approximated 
by i 
logN = —0.135 logt + 0.681 


where N is weight per cent and f is age in years. The 
chemical changes that occur in buried bones depend on the 
composition of the surrounding minerals and the environ- 
mental conditions®. The concentration of a given element in 
bone is also influenced by biochemical differences between 
samples. Consequently, large fluctuations in N can be 
expected around the gross trend described by Vonach. We 
report here a fluctuation of the N content of bones that 
seems to correlate with climatic change. 
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Fig. 1 N content of bones as a function of absolute age. ...%..., 
Our results; @, at 3,100 yr and ———, from ref. 5, 


We investigated the concentration of N, Fe, Al and Ca 
in bones from the past 9,000 yr. We chose this time interval 
because of the relatively large number of dated samples 
found and the significant climatic change during the inter- 
glacial phase. We used human vertebrae of known ages 
buried in the Great Hungarian Plain. 

The N, Fe and Al content was determined by fast and 
thermal neutron activation analyses using the “N(n,2n)"N, 
“Re(n,p)*Mn and *Al(n,y)*Al reactions, respectively. The 
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Fig. 2 Corrected N content of bones (. ..x...)and the sealevel 
difference (straight lines) as a function of calendrical time. 
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Fig. 3 Corrected N content of bones as a function of sea-level 
difference. N = 4.1405 exp (-0.26AH). 


concentration of Ca and Fe was measured by X-ray fluores- 
cence using an Si(Li) detector and “Fe and I exciting 
sources. Figure 1 shows N content as a function of the age 
of the bone. There is a fine structure (dotted curve) super- 
imposed on the Vonach’s gross trend (continuous curve). 
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Fig. 4 Concentration of Al( A), Fe (@) and Ca( x) in bones as a 
function of calendrical time. 


Concentration of Fe and Al (weight %) 


The fluctuations in the data cannot be explained by bio- 
chemical differences between individuals and the uncertainty 
in the determination of N, for which the error does not 
exceed 410%. Results of in vivo neutron activation analysis 
of patients have shown that deviations in N content are less 
than +30% even for different diseases”. 

There seems to be a periodicity of about 2,000 yr between 
the minima of the fluctuations. Accepting the gross trend 
for N content, we normalised the measured data to the 
date of burial. It should be noted, however, that the cor- 
rected N contents in some cases are abnormally larger than 
those obtained for modern bones. These normalised values 
and the sea-level differences, AH, from the present-day 
value’ are given in Fig. 2 as a function of calendrical time. 
An extremely high value of sea level (9m) was given by 
Brooks" for 500 8c. Figure 2 shows a correlation between 
N content and sea level. The correlation can be approximated 
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by the following relationship: N=4.1405 exp(—0.264H) 
(Fig. 3). Brooks has pointed out a linear correlation between 
climate and sea level. On the basis of the data for sea level’ 
and temperature? for the interval from 1,0008c to 
5,000 Bc, a value of AH /AT~2.6 m per °C can be estimated. 
It'can be concluded that the minima in N content indicated 
in Fig. 1 coincide fairly well with the climatic maxima. It 
seems to be a correlation between the ‘neo-glacial cycle’” 
and the N content of bones. The deviations from the pre- 
dicted solid line in Fig. 1 can be attributed to the change 
in the climate of the age from which the bones originate. 

The measured values for Al, Ca and Fe content of human 
bones as a function of calendrical time are given in Fig. 4. 
Both the trends and the absolute values for iron measured 
by X-ray fluorescence and neutron activation are in good 
agreement within +5%, proving the reliability of the 
methods applied. Figure 4 shows changes in the concen- 
trations of all the elements investigated. 

An opposite trend is shown for Fe and Al on the one 
hand, and Ca and N on the other hand. Chemical separation 
showed that the Fe and Al contents belong to the organic 
part of the bone. 

We thank Professor J. Nemeskéry for discussions and for 
bone samples. 
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Physiological exclusion of 
magnesium from Mytilus edulis calcite 


Catcite produced by many marine organisms (including 
molluscs’, brachiopods’, coccolithophorids’, and planktonic 
-foraminifera‘*) contains only about 5% as much mag- 
nesiumas. is predicted by laboratory studies of distribution 
coefficients*”’ (ratio of the Mg : Ca ratio in the solid against 
that in the solution). Understanding the cause of this low 
magnesium: content is important to our comprehension 
of the calcification’ process. It is also of considerable 
interest to the field of low temperature geochemistry for 
several reasons. First, calcite is the major authigenic 
component of marine sediments, and its magnesium content 
is an important feature of its bulk composition. Second, 
the controls on the magnesium content of invertebrate 
skeleta must be understood if Mg:Ca ratios of calcitic 
fossils are to be used as indicators of sea salt palaeo- 
chemistry’ or sea surface palaeotemperature®. Third, the 
mechanism of magnesium inclusion may determine the 
role of magnesium in regulating selective dissolution of the 
tests from planktonic foraminifera‘. Fourth, since calcite 
solubility depends on the magnesium content of the calcite, 
the mode of magnesium inclusion is a factor to be considered 
in calculating the degee of carbonate saturation in the 
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oceans. Finally, factors governing the mode of magnesium 
incorporation into skeletal calcite are important to sedi- 
mentary petrologists using magnesium as a diagenetic 
indicator. We report here that the mussel Mytilus edulis, 
which normally secretes low magnesium calcite, incor- 
porates anomalously high amounts of magnesium into its 
calcitic shell layer when it is grown in solutions of higher 
than normal magnesium content. Thus in normal conditions 
Mytilus physiologically excludes magnesium from its shell- 
forming fluid, and at higher magnesium concentrations ion 
regulatory systems breakdown, causing a substantial increase 
in the amount of magnesium coprecipitated into Mytilus 
shell calcite. 

Young M. edulis (7-15 mm long) were collected from Nar- 
ragansett Bay, Rhode Island and cultured for 8 weeks in 
aerated 4.5-1 glass aquaria. The water was changed at 
weekly intervals and the mussels were fed a suspension 
of Isochrysis. Twenty mussels were placed in each tank. 
The culture solutions were prepared by mixing one ‘part 
natural seawater with one part synthetic ‘seawater’. A 
range of Mg : Ca ratios in the culture solutions was obtained 
by changing the proportions of sodium and magnesium in 
the synthetic ‘seawater’ solution. A constant total ionic 
Strength (0.64+0.04 M) could then be maintained between 
different composition solutions while also maintaining. a 
constant calcium concentration similar to that of seawater 
(9.3 mM) in all the solutions except the lowest Mg : Ca ratio 
solution. To make the lowest Mg:Ca ratio solution 
(Mg : Ca = 0.75) a calcium concentration of 33mM was 
used in the culture solution. 

M. edulis forms both calcitic and aragonitic shell layers. 
Calcite samples of shell grown during this experiment were 
collected from the newly grown calcitic-shell edges outside 
the pallial line. These samples were analysed by atomic 
absorption spectrophotometry for magnesium and cal- 
cium™*’. Ratios of the molar concentrations in both the 
solution and shell are reported since the ratios more 
clearly show the relative fractionation effects between the 
two ions. The growth of each mussel was recorded by 
measuring its length at the beginning and end of the 
experiment. 

The Mg:Ca atom ratios of the newly grown shell are 
compared with those of the culture solutions in Fig. 1. 
Normal seawater has a Mg: Ca ratio of 5.2. Mussels grown. 
in artificial media with the same Mg: Ca ratio as natural 
seawater produce the same shell Mg: Ca ratio as a control 
set of mussels grown in 100% natural seawater. Mussels 
grown in solutions with a Mg: Ca ratio less than 7 show 
a gradual increase in the shell Mg: Ca ratio with increases 
in the solution Mg : Ca ratio, except for the lowest solution 
ratio sample .which has a slightly elevated shell. ratio. 
As the Mg: Ca ratio of the solution increases above 7. 
there is a dramatic increase in the amount of magnesium 
incorporated into the shell. : 

Inorganic distribution coefficient data cannot account 
for the Mg: Ca ratios of the shells. Distribution coefficient 


data determined by Katz’ for low Mg: Ca ratio solutions. 


predict that calcite precipitated from a solution. with a- 
Mg : Ca = 0.75 (the lowest ratio tested) will have a calcite 
Mg : Ca ratio of 40x 10%; this is 20 times more magnesium 
than we find in Mytilus shells grown in these conditions. 
Studies of the inorganic precipitation of calcite from 
seawater reveal Mg calcites containing >10mol per cent 
MgCO; (ref. 6), although Berner® suggests that 2-7 mol 
per cent MgCO; is the most stable composition in the 
presence of seawater. Distribution coefficient data are not 
available for solution Mg: Ca ratios of >5. But, surface- 
solution equilibrium exchange data show that near a 
Mg : Ca solution ratio of five surface distribution coefficients 
decrease’’; if this is any guide, we would also expect bulk 
distribution coefficients to decrease. The increase in mag- 
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nesium observed in our experiments is directly opposite 
to this expectation and suggests that inorganic processes 
are not responsible for regulating the magnesium content 
of Mytilus calcite. 

Growth rate has been suggested as a factor controlling 
the inorganic composition of calcified tissues’. A range 
of growth rates was observed for the mussels cultured 
in each Mg: Ca ratio solution. Mussels in the two lowest 
Mg: Ca ratio solutions grew slowly and only a few grew 
sufficiently to alow sampling (>1 mm new growth). Mussels 
in the other solutions examined grew at about the same 
rate (from 1 to 4mm in length in 8 weeks). Mussels placed 
in a solution with a Mg: Ca ratio of 13.5 did not grow. 
There was no correlation between growth rate and the 
shell Mg: Ca ratio of mussels grown in the same solution. 
High Mg: Ca ratios did not significantly influence growth 
rate except in the one case noted above. In this experiment 
growth rate was not a factor influencing the magnesium 
composition of Mytilus shell calcite. 
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IFig. 1 The calcite shell Mg: Ca atom ratio for each mussel plotted 
against the Mg: Ca atom ratio of the solution in which it was 
grown. ©, Samples of mussels grown in natural seawater; @, 
mussels grown in synthetic medium. x Represents the metal 
ratio determined from a composite sample by X-ray diffraction. 


Anomalous increases in the magnesium content of these 
calcite shells could occur if another mineral phase such 
as brucite (Mg(OH):) or hydromagnesite (3MgCO; 
Me(OH):3H.O) were precipated; we carried out X-ray 
diffraction studies to check this possibility. Mussels grown 
in 100% natural seawater were ‘almost pure calcite 
(daino) = 3-035 A), whereas a sample taken from mussels 
grown in the highest Mg : Ca ratio solution had a d spacing 
of 3.027A. This change in d spacing corresponds to a 
2.5mol per cent increase in MgCOs, as calculated from 
data showing the dependence of d spacing on calcite 
magnesium content’. From this increase a Mg: Ca ratio 


of 31x10% is calculated for the high magnesium calcite 


sample. While this ratio falls a little short of the Mg: Ca 
ratio determined by atomic absorption, it is still several 
times greater than the ratio that would be obtained by 
a linear extrapolation from the origin through the normal 
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seawater ratio (see Fig. 1). The only other peak observed 
in the high magnesium sample had a d spacing of 17.67 A. 
This d spacing does not correspond to any magnesium 
containing mineral listed in the tables of the American 
Society for Testing Materials. High d spacings are often 
associated with organic material; whether or not this peak 
represents an elevated shell organic matrix content and 
whether or not magnesium is associated with it, is con- 
jecture at this point. The X-ray data are in agreement 
with the atomic absorption data and indicate that an 
anomalous increase in the coprecipitation of magnesium 
into Mytilus calcite occurs when mussels are grown in 
solutions containing a higher than normal magnesium 
content. 

Magnesium in high concentrations inhibits the nucleation” 
and growth® of calcite. Simkiss‘* proposes that the mantle 
of some molluscs may regulate the flow of material to 
the crystallisation site so as to exclude crystal growth 
inhibitors such as magnesium and inorganic phosphate 
ions. We suggest that Mytilus does in fact have the 
capacity to extensively regulate the magnesium ion activity 
of the solution from which its shell calcite is grown. 
Mytilus may attempt to maintain an optimum magnesium 
and calcium composition in this fluid. In normal seawater 
conditions Mytilus produces a low magnesium calcite as 
a result of this ion fractionation. process. At very low 
Mg: Ca solution ratios the ion fractionation process may 
discriminate less against magnesium so that the normal, 
or close to the normal, solution composition is maintained. 
This is suggested by the slightly elevated shell Mg : Ca ratio 
at the lowest solution ratio. When Mytilus is exposed 
to Mg:Ca solution ratios much above those of normal 
seawater, its ion regulatory capability apparently becomes 
overloaded and breaks down, thus allowing an influx of 
magnesium ions into the fluid from which new shell is 
precipitated. The result, as shown in Fig. 1, is a dramatic 
increase in the amount of magnesium found in Mytilus 
shell calcite. 

While data are not available on species other than 
Mytilus, it is probable that other marine organisms which 
produce low-Mg calcite, such as planktonic foraminifera 
and coccolithophorids, do so by a physiological fraction- 
ation process rather than as a result of any inorganic 
processes. 
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diffraction work. We also thank the staff of the Rhode 
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Polonium and plutonium 

in an intertidal food chain 

LARGE quantities of seaweeds (kelp) are washed ashore along the 
coasts of California. Estimates range from 10* to 10° tonnes 
(107~10° kg) wet weight per yr. These algal masses provide food for 
insects and other invertebrates on the beaches. The plants carry 
with them a variety of di-, tri-, and polyvalent cations of heavy 
metals, largely adsorbed or chelated to superficial acidic polysac- 
charides and surface slimes of bacterial origin. Among the heavy 
metals one can detect small amounts of radioactive elements, 
including some that emit high-energy x particles such as the natural 
polonium (7!°Po, half life 138d) and the artificial plutonium 
nuclides (73°74°Pu, half lives 24,360 yr and 6,580yr re- 
spectively)’. In surface waters of the oceans, polonium is born 
from the decay of ?!°Pb which is continuously replenished by 
decay of radon released from the Earth’s crust. The plutonium 
isotopes occur in ocean waters as a consequence of fallout from 
atomic test explosions some 15-20 yr ago. We have examined the 
extent to which these elements may be transferred from the ocean 
to the terrestrial biosphere by means of kelp, kelp flies and their 
predators. Fears have been expressed that radioactivity from the 
algae could be reaching man through the terrestrial food chain. 
Our investigations suggest that, on the basis of current radiation 
thresholds for human health and safety, such fears are groundless. 

Samples of cast weed, largely comprising blades and stipes of 
Macrocystis pyrifera (L.) C.A. Ag. but containing also a few per 
cent of Egregia laevigata Setch. and Pelagophycus porra (Leman) 
Setch. and marine grasses (Phyllospadix and Zostera), were 
collected from the beach at La Jolla, California, in June and 
August 1975, ata time when kelp flies were much in evidence. Adult 
flies (mostly Fucilia rufitibia Stein and F. separata Stein) were 
caught over clumps of decaying weed by the use of a l-mm mesh 
nylon net. About 30,000 flies, weighing 100 g wet weight (27 g dry 
weight) were collected in about 30 min. A few of the associated 
predatory tiger beetles (Cicindela sp.) were also netted, as in- 
dividuals, on nearby sand. For comparative purposes we also 
obtained some 50 g (dry weight) of common houseflies (Musca 
domestica L) which had been raised in a laboratory (Department of 
Entomology, University of California, Riverside) onacommercial 
fly-larva medium (CSMA, Ralston-Purina Co.). 

All samples were dried in an oven at 80 °C overnight. Polonium 
and plutonium were determined in subsamples of 1.0 g and 20.0 g 
respectively. The flies and beetles were ‘wet-ashed’ by heating in a 
mixture of nitric and perchloric acids. As markers, ?°°Po and 
242 Pu were added to monitor the chemical recoveries of ?!°Po and 
239,240Pu from the samples. The « activities of these elements were 
measured with silicon surface-barrier detectors in combination 
with pulse-height analysers. 

As shown in Table 1, the contents of polonium in laboratory- 
raised houseflies, and in the diet on which they were raised as 
larvae, were negligible (10 and 30 pCi per kg dry weight) compared 
with the kelp flies (250 pCi per kg dry weight). The polonium content 
of the kelp flies from the beach was found to be about half of that of 
the cast weed, on the basis of comparable dry weights. (That of 
laboratory-reared Musca was about one third that of their larval 
food.) This proportional reduction may be attributable to 
mechanical selection by the fly larvae of the softer, interior parts of 
the seaweeds, which have been shown to contain considerably less 
of the adsorbed heavy metals (including polonium) than the 
surface layers*. Alternatively, there may have been discrimination 
against uptake of polyvalent metallic cations in the insect gut, 
selective metabolic processes in the tissues, or active excretion of 
such cations. 

The polonium content in the predatory tiger beetles was found 
to be about one-half that of kelp flies, a fact which may be 
attributable to similar mechanical or metabolic discrimination. (It 
would be interesting to determine the polonium content of other 
predators of kelp flies, for example birds such as spotted sand- 
pipers (Petrochelidon pyrrhonota) or swallows (Hirundo rustica), 
but we did not attempt this.) In neither of the two successive steps 
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Table 1 Polonium and plutonium contents of algae and flies from a 
California shore 








2110p, 239,240 py Po/Pu 210Ph 
Beach l 
Kelp: Macrocystis 480 +40 20403 250 380440 
and others 510425 
Flies: Fucilia: whole adults 290415 1140.2 260 220430 
247418 
hard parts 277413 
expressed ‘juice’ < 5 
Beetles: Cicindela 164+ 12 
Laboratory 
Fly-larva food (CSMA) 3043 
Flies: Musca: wholeadults 1044 
Values are pCi per kg dry weight; shown as mean + s.e.m. 
of the food chain studied here did we observe a relative enrichment 


of the radionuclides. On the contrary, at each step the relative 
polonium concentration was halved, while the plutonium (and 
*!°Pb) content of the kelp flies was also only half that of the content 
of the decayed kelp on which they fed. 

A crude extract of the blood, gut contents and other soft parts of 
the kelp flies was prepared by homogenising a sample of the fresh 
flies in a Waring blender with distilled water for 45s and 
centrifuging at 13,000 r.p.m. (20,000g) for 10 min. The liquid 
fraction was then clarified by filtration. The residues retained by 
the filter and at the bottom of the centrifuge tube consisted of 
cuticles, heads, wings, legs and bristles. This fraction contained 
essentially all of the polonium of the intact flies (see Table 1), 
indicating that most of the polonium ingested by the insect larvae 
with their food (the decaying kelp) had been incorporated in the 
cuticles of the adult flies. 

In ascending the food chain from the kelp to the flies, the Po/Pu 
ratio remained unchanged. In contrast, corresponding values for 
Macrocystis plants and for bryozoa removed from their surfaces 
were respectively 230 and 1,000', while even larger ratios, as high 
as 10° or 10°, were found in the internal organs of several species of 
marine fishes (V.F.H., unpublished), suggesting that in these latter 
systems there is a more effective discrimination against Pu, or in 
favour of uptake of Po, or both, than in the kelp flies. 

Our observations indicated that on a warm summer day there 
may be as many as 10” flies per km of beach near the Scripps 
Institution of Oceanography, in an area where the estimated 
annual tonnage of cast weed is about 10° kg km”! (ref. 3). The 
kelp brings with it some 107 pCi of polonium and 4 x 10* pCi of 
plutonium per km of beach annually. If we assume that there are 10 
generations of kelp flies per yr (in summer? a generation time of 
kelp flies may be as short as 10 d), it can be calculated that about 
0.2%, of the polonium and 0.2% of the plutonium adsorbed or in 
some other way fixed to the major seaweeds may find its way intoa 
terrestrial food chain. 

It should be emphasised that although the kelp flies may occur in 
large numbers along beaches on warm days, such as those observed 
during the great seaweed-fly plague in southern England in 
1953-54°, the radiation values with which we are concerned here 
present no obvious hazards to human health. The accidental 
inhalation ofa few kelp flies would involve the ingestion of merely 
10> * pCi of ?!°Po and 107% pCi of 73°:?4°Pu, while the deliberate. 
ingestion of tens of thousands of such flies would be too involved — 
and unappetising an exercise to consider seriously. 

We thank Dr Willis W. Wirth (Smithsonian Institution, 
Washington) for identifying the kelp flies, and Mr lan Moore 
(University of California, Riverside) for providing laboratory- 
reared houseflies and the larval medium. 
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Free-running activity rhythm 
in the natural environment 


RHYTHMICAL activities of plants and animals in their natural 
habitats have, so far, always been found to be synchronised 
with cyclic environmental changes'~*. In the absence of ap- 
propriate environmental timing cues (usually light-dark or 
tidal cycles) the rhythms free-run with endogenously controlled 
periods other than those of the environmental cycle. These 
may be longer or shorter than those observed in the presence 
of the entraining environmental cycles. We describe here an 
apparently unique example of an invertebrate which seems to 
free-run in its natural habitat. The animal is a predatory 
prostigmatid mite (Bdella interrupta Evans) which inhabits 
marine salt marshes and is exposed to regular tidal inundation 
during periods of spring tides. During periods of neap tides 
the salt marsh is not covered by the sea. The mites showed 
day and night peaks of locomotory activity on the soil surface 
at creek edges (Fig. 1a) and, also, in isolated experimental 
conditions (Fig. 1b). The narrow peaks of activity imply that 
the individual members of the population are closely synchro- 
nised with one another. 

The peaks of locomotory activity in the natural habitat did 
not exhibit constant relationships to the times of dawn and 
dusk. The interval between day peaks of activity during a 
sequence of non-covering tides was less than 24 h. The slope 
of the regression line for the first 6 d illustrated in Fig. 2 cor- 
responds to an average separation of 23.1 h between successive 
day peaks during this period of non-submerging tides. During 
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Fig. 1 a, Numbers of mites observed walking on the soil surface 
on the edges of a drainage channel on Hut Marsh, Scolt Head, 
Norfolk, UK. Observations were made on a 25-m length of bank 
during a period of tidal emergence (6-7 April 1976). The times 
of high tides are indicated by open arrows. Dawn and dusk are 
shown by broken lines. b, Surface activity of B. interrupta in 
isolated habitat portions (in five cylindrical containers of 15.2 
cm diameter containing soil of 10 cm depth). The mites were 
maintained in natural light conditions. 
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the subsequent period of submerging tides the average separa- 
tion between successive day peaks increased to 25.1 h, so that 
the surface locomotory activity of the mites effectively paral- 
leled the times of the high tides for the period (Fig. 2). 
Periodograms for the 1976 data illustrated in Fig. 2 yielded 
activity peaks at 22.9 h (for locomotory activity during non- 
submerging tides) and 24.9 h (during the subsequent period of 
submerging tides) (Fig. 3) for data collected during the daylight 
hours. Field observations made in 1977 confirmed these dif- 
ferences in periodicity observed during periods of tidal emer- 
gence and submergence. Since the activity peaks occur twice 
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Fig. 2 The timing of day activity peaks related to the time (@) 
and the height (©) of high tides from 6 to 18 April 1976. The 
horizontal bars indicate the period during which mite activity 
was more than 50% of the maximum. The vertical lines are the 
midpoints of the bars and are taken as the phase reference point. 
The open bars represent activity during tidal emergence and the 
closed bars that during a subsequent period of submerging 
spring tides. The continuous lines are the calculated regression 
lines (for the period of tidal emergence: r = 0.9720; n = 6; 
P < 0.005; for the period of tidal submergence r = 0.9923; 
n= 7; P < 0.001). For these calculations the day sequence was 
used as the x axis. 


daily and the rhythm entrains to the tidal frequency when the 
animal is exposed to tidal inundation the locomotory activity 
rhythm can be defined as a circatidal rhythm with a periodicity 
of about 12.5 h. As with circatidal rhythms in other organisms, 
the mite rhythm is insensitive to light-dark cycles. In this 
respect this salt-marsh mite is similar to an oribatid mite 
(Ameronothrus marinus Banks), which on rocky shores shows 
an apparently circatidal rhythm of 12.3-h periodicity*. 

The novel feature revealed by this investigation is that during 
periods of non-submerging tides the period of the activity 
rhythm (11.5 h) is shorter than when it is entrained by the tides 
(12.5 h) and can be reasonably presumed to be a free-running 
circatidal rhythm. The maintenance of narrow peaks of activity 
throughout periods of tidal emergence indicates that the periods 
of the individuals are very similar whilst free-running. This 
contrasts with the breakdown of synchrony seen in free-running 
populations of other organisms in constant experimental 
conditions. 

There is no conclusive evidence that the alternation of an 
apparently free-running rhythm, during tidal emergence, with 
an entrained rhythm, during periods of tidal submergence, is of 
adaptive value. It is conceivable, however, that this alternation 
could be a mechanism to achieve synchrony with the pattern 
of tidal coverage on the marine salt marsh. At the onset of 
periods of tidal coverage the activity peaks occur approximately 
midway between the times of successive high tides, This tem- 
poral separation is maintained during subsequent periods of 
tidal coverage by the circatidal rhythm of 12.5-h periodicity. 
The alternation between 11.5- and 12.5-h periodicities ensures 
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Fig. 3 Periodograms of data illustrated in Fig. 2, for the observed 
locomotory activity during periods of non-submerging (a) and 
submerging (b) tides. 


that a peak of mite activity is continuously maintained in day- 
light hours. This would not occur if the circatidal periodicity 
(12.5 h) continued during tidal emergence. Calculations using 
data from the 1977 tide tables show that with an intermediate 
free-running period, for example 12.0 h, the activity peak is 
always within 2.5 h for the first, critical, tidal inundation in a 
series of rising spring tides. With a free-running period of 11.5 h, 
on the other hand, the activity peak is within 2.5 h of only 17% 
of the critical tides. 

We thank Drs Jack Benson and J. Brady for helpful discus- 
sions. We also thank the Nature Conservancy for permission 
to work on the Scolt Head Nature Reserve. 
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Sexual dimorphism, socionomic 
sex ratio and body weight in primates 


BECAUSE the primates are a particularly well studied group they 
provide a rare opportunity to investigate the adaptive significance 
of species differences in sexual dimorphism in. body size. We 
describe here an investigation of the relationship between’ the 
degree of sexual dimorphism and three variables which are 
predicted might affect it. 

In many birds and mammals (with certain exceptions)!? the 
male is larger than the female. The commonest explanation for this 
trend, originally offered by Darwin in 1871 (ref. 3)is that increased 
body size confers advantages in contests between males for access 
to females (and there is now detailed evidence supporting this*~*) ‘ 
The basis of this argument is that males are able to enhance their 
breeding success greatly by maintaining exclusive breeding access 
to several mates*, whereas females cannot usually’ enhance theirs 
to the same extent by maintaining exclusive access to multiple. 
males ‘For this reason, the argument runs, polyandry is rarer than 
polygyny ` Once polygyny has developed, males will compete for 
access to females* and individuals possessing traits which enhance 
their competitive ability (such as increased body size) will be 
selected’ This argument assumes that increases in body size are 
constrained by ecological, perhaps energetic, disadvantages which 
can be outweighed by reproductive advantages’ 

There is another functional explanation of sex differences in 
body size—these may permit the sexes to utilise different kinds of 
food and consequently enhance the efficiency with which they can 
exploit their resources. These two theories are not mutually 
exclusive, but their predictions differ: the first predicts that sexual 
dimorphism should be most marked in strongly polygynous 
species where competition between males for access to females is 
intense since only a small proportion of males can breed: the 
second, that dimorphism should be most marked in monogamous 
species or in those with a relatively equal adult sex ratio where 
divergence between the sexes would be most effective®?, While 
there is reasonable evidence implicating the second explanation in 
particular cases®, the distribution of dimorphism across species 
generally fits the predictions of the first: monogamous species 
show least dimorphism and those with the most imbalanced 
socionomic sex ratios (the number of adult females per adult male 
in breeding groups) the most. 

But, although a positive relationship between body size dimor- 
phism and socionomic sex ratio has been suggested in reviews of 
birds''°-'!, ungulates!?-’3 and primates'*~'®, none have offered 
formal statistical evidence for such a relationship. That such 
evidence is necessary is demonstrated by the extent to which 
species with similar breeding systems differ in their degree of body 
size dimorphism (see below). Also, it is necessary to investigate 
what other factors affect the degree of size dimorphism and to 
consider the possibility that the apparent relationship between 
dimorphism and socionomic sex ratio is the product of some third 
factor associated with these two variables. 

In most orders, formal comparisons are impossible because of 
the paucity of accurate data about social organisation. This is not 
so in the primates, where the social behaviour of a large number of: 
species has now been studied in detail. To examine this re- 
lationship, we extracted as many estimates of body weight and of 
breeding sex ratio from the literature as we could find (the sources. 
and data used will be published elsewhere (refs 17, 18 and B. 
Rudder, in preparation). selecting weights of wild animals in 
preference to those collected from zoos wherever possible. Sexual 
dimorphism was then calculated by dividing male weight by female 
weight. Our measure of socionomic sex ratio was the mean number 
of adult females per adult male in breeding groups: where several 
estimates were available for the same species, we took the mean of 
these. Our sample included 42 primate species. 

There is a significant relationship between sexual dimorphism 
and socionomic sex ratio (Fig. 1: rs = 0.610, ¢ = 4.87, 40 d.f., 
P < 0.001) but, this relationship is largely due to the fact that 
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monogamous species show consistently less dimorphism than 
polygynous ones (Kruskal-Wallis H = 22.16, P < 0.001) and, 
when monogamous species are excluded, no relationship exists 
(rs = 0.087, ¢ = 0.44, 27 d.f., not significant). Why should this be 
the case? There are probably two main reasons. First, soclonomic 
sex ratio fails to provide a reliable index of inter-male competition. 
It would, for example, be likely to underestimate the degree of 
competition in multi-male troops (as in Papio or Macaca species) 
where a marked dominance hierarchy exists and breeding access is 
not shared equally among the males. Conversely, it would 
overestimate the degree of competition in species where access to 
females is strongly age-dependent and the majority of males pass 
through a short reproductive phase'®. Also, our data will in- 
evitably have included a proportion of cases where estimates of 
socionomic sex ratio were a typical, thus introducing error. 
Second, the data show that factors apart from socionomic sex ratio 
exert a strong influence on the degree of sexual dimorphism. 
Terrestrial species show consistently greater dimorphism than 
arboreal ones (Kruskal-Wallis H = 8.96, P < 0.01) probably 
because, in the former, increased weight does not restrict the male’s 
access to food supplies (often located on fine terminal twigs) to the 
same extent as in the latter. In addition, sexual dimorphism is 
positively related to body weight (the mean of adult male and adult 
female body weight: see Fig. 2: rs = 0.484, t = 3.50, 40 d.f., 
P < 0.01). This relationship is not a product of the inclusion of 
female weight in both parameters: if male weight is plotted against 
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female weight, the slope is significantly greater than 1(b = 1.063, 
t = 66.33, P < 0.001). Nor is it the product of either of an 
association between large-size and terrestriality since the same 
relationship holds within arboreal species (Fig. 2: rs = 0.395, 
t = 2.27, 28 d.f., P < 0.05) or of an association between size and 
polygyny (see below). 

Since several monogamous species are of small size (such as 
Callicebus spp., Saguinus spp.) it is necessary to consider whether 
the overall relationship between dimorphism and socionomic sex 
ratio could be the product of that between the former and body 
weight. To do this, we lineralised the relationships and used a 
partial regression analysis*®. This tests whether a dependent 
variable (in this case, sexual dimorphism) is significantly related to 
each of two or more independent variables (socionomic sex ratio 
and body weight) when the effect of the other has been removed. (In 
the description of results, b, refers to the regression coefficient for 
the first independent variable and b: to the second). The analysis 
showed that sexual dimorphism is significantly related to both 
variables in the sample as a whole (4; = 0.111, z = 2.14, 
P < 0.05; bz = 0.078, t = 3.11, P < 0.005, 39 d.f.) and that 
56.3% of the variance in sexual dimorphism is accounted for by the 
two variables. The relationship to body weight was considerably 
stronger than that to socionomic sex ratio: standardised partial 
regression coefficients for sex ratio and body weight are 0.28 and 
0.41 respectively. Similar results were obtained when we applied 
the same analysis to the data for arboreal primates only 
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Fig.2 Sexual dimorphism in body weight plotted against average of adult male and adult female body weight. W., Arboreal; @, 
terrestrial. 


(b, = 0.097, t = 1.81, P < 0.1; b2 = 0.064, = 2.32, P < 0.05, 
27 d.f.). 

Why should sexual dimorphism in body weight be positively 
correlated with absolute body weight? There is extensive evidence 
that this relationship is not confined to primates and occurs in 
invertebrates?!, birds'®-?!-??, rodents (G. Mace, personal com- 
munication} and carnivores. It was apparently first recognised by 
Rensch?!-23 who attributed it to allometric growth: “Secondary 
sexual characters of many mammals usually represent structures 
of positively allometric growth because they usually become more 
conspicuous during a more advanced period of ontogenetic 
development (due in mammals to the increasing influence of sex 
hormones)". ein 

There is; however, no obvious reason for supposing that 
allometry is inevitable. At least six functional explanations could 
be involved. It. has been suggested that sexual selection for 
increased size in males may, as a side effect, have led to increased 
female size thus creating a relationship between dimorphism and 
average body size?*. This seems unlikely because it requires the 
assumption that increases in male size are more closely paralleled 
by increases in female size in small animals than in large. 
Moreover, selection for energetic efficiency probably imposes 
strict constraints on female size?'®-'*?*, Alternatively, it is 
generally true that large body size is associated with a reduction in 
the number of competing species?®:?’. This could relax constraints 
on increasing male body size imposed by the presence of larger 
species in neighbouring niches, allowing sexual selection for male 
competitive ability to produce relatively large increases in male 


size. There is evidence that in some birds sexual dimorphism in 
body size is commonly associated with. sex differences in food 
choice (see above) and that the presence of competing species can 
constrain intraspecific variance in many characteristics, including 
size?®-?8_ [tis also possible that energetic constraints on increasing 
male body size may be relaxed in larger species since larger body 
size leads to a decrease in the surface area : volume ratio, metabolic 
rate and relative nutritional requirements (refs 30-32 and J, 
Kurland, personal communication) thus making further increases 
energetically ‘cheaper’. Alternatively, where dimorphism: permits 
the sexes to diverge in food choice, selection may favour increased 
feeding divergence (and thus increased dimorphism) in specie: 
which feed on low density food distributed in clumps”? since, in 
this situation, the effects of feeding competition are strongest. _ 
Mammalian species which feed on dispersed and unpredictable 
food supplies are often of large size!?-3_ Finally, itis possible that 
evolutionary factors favouring the reduction of female size may be 
involved??. It has been argued that, in fluctuating environments, ` 
smaller females may be able to breed at a younger age than larger. 
ones* and it is conceivable that this pressure might be moreacute 
in large species where the age at first breeding is relatively late than 
in small species where it is generally early. : e 
None of these explanations is wholly satisfactory and evidence 
to support them is almost totally lacking’ Until they have bee 
investigated systematically, however, it would be premature to 
assume that the relationship between body weight and sexual 
dimorphism is inevitable’ pees 
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Ultrastructure of the spermatophores of 
Siboglinum ekmani Jagersten (Pogonophora) 


THE marine invertebrate phylum Pogonophora has attracted 
much attention since its discovery in 1914 because of its un- 
certain phylogenetic position and its unusual biological features, 
such as the lack of a digestive tract™?. Little is known of the 
spermatophores and the mechanism of fertilisation!:*, although 
it has been suggested that the long filament of the spermato- 
phore serves as a flotation device’, Because the expulsion of 
spermatophores into the sea would involve great wastage of 
sperm, however, some form of copulation has been said to be 
likely®, Expulsion of spermatophores by the tentacles of the 
male has been observed in one species’, but even in dense 
populations of 200 animals per m?, which have been reported!, 
the tentacles are too short to transfer the spermatophores 
to the females. Electron microscopy has now revealed that the 
spermatophoral filament is equipped with numerous electron 
dense ‘threads’, composed of tubular elements with a central 
electron dense core. Apparently the ‘threads’ which receive 
their strength from the tubular elements, play an important 
part as a flotating or adhesive apparatus of the released sperma- 
tophores. 

Several specimens of Siboglinum ekmani Jagersten were 
collected from the Skagerrak during tests of the German 
research vessel Poseidon (January 1977, 57°50’N, 8°05’E, 
537m deep, 3.4°C, salinity 32.6 %.). The animals were re- 
moved carefully from their tubes using pointed watchmaker’s 
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Fig. 1 Transverse section of sperm duct. Spermatophore con- 

taining mature spermatozoa cut at various levels (left), electron- 

dense threads (right) and parts of the filament (bottom), Phos- 

phate-buffered glutaraldehyde (3.5%) and osmium (2%) fixation. 

Araldite embedding, uranyl acetate and lead citrate staining 
(x 6,080). 


forceps. Mature males were identified easily by the large 
numbers of spermatophores within the transparent sperm 
ducts. 

Sections cut at various levels of the sperm ducts show the 
well known spindle-shaped spermatophores, portions of their 
coiled filaments and numerous electron-dense threads of un- 
known function (Fig. 1). These threads are about 0.5 um in 
diameter and several um long, their irregular shape preventing 
exact measurement. High magnifications reveal a new structural 
element, which I call ‘dense core tubuli’. These tubuli constitute 
the major structural unit of the spermatophore wall as well as 
the long filament and the electron-dense threads (Fig. 2). The 
tubuli are embedded in an amorphous ground substance. 
They have an outside diameter of 150-170 A, thus being slightly 
smaller than the microtubules of many plant and animal cells. 
In contrast to microtubules, they are clearly extracellular. Their 
length is indeterminate but tubules of several um have been 





Fig. 2 Cross sections of electron dense thread (left) and spermato- 
phore wall (right) reveal the dense core tubuli (x 152,000). 
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observed. Occasionally the central core is composed of sub- 
units which also form a tubular structure. Dense core tubuli 
are linked in regularly spaced arrangements: 12-180 tubules 
are longitudinally orientated within the threads. In the sperma- 
tophore wall the arrangement resembles dense connective 
tissue of vertebrates. r 

Clusters of dense core tubuli also occur between developing 
male germ cells in the testes. Regularly linked tubuli are 
attached to groups of mature spermatozoa to mould the 
envelope of the spermatophores in the proximal region of the 
sperm ducts. Released spermatophores tend to stick firmly to 
the tube or trunk of the animal even after fixation, dehydration 
and embedding. This indicates remarkable adhesive properties. 
When spermatophores are exposed to seawater, the regular 
arrangement of the dense core tubuli is gradually lost and the 
spermatophore wall starts to disintegrate’. The filament 





Fig. 3 Two stalked vesicles of the spermatophoral filament. 
Delicate spines project from the surface into the fibrous cover 
( x 30,500). 


uncoils, and at intervals it has areas of radiating stalked 
vesicles (Fig. 3). Within the sperm ducts these vesicles are 
smaller, from which I conclude that the filament uncoils 
through the swelling of the vesicles. They are probably identical 


with the capitate processes revealed by light microscopy*’. ` 


Fibrous, sticky material covers the surface of the vesicles, 
reinforced by delicate spines (Fig. 3). The dense threads found 
in the sperm ducts are also released and frequently appear 
near the spermatophores in sections. Undoubtedly, the stalked 
vesicles of the filament and the dense threads form an effective 
adhesive apparatus and flotating device. 

My investigation adds further support to the view that the 
released spermatophores of Siboglinum find their way passively 
without ‘some form of copulation’ to a receptive female'®, But 
further observations are required to elucidate the path of the 
released spermatozoa to the eggs. 


H. FLÜGEL 


Institut für Meereskunde, 
Universität Kiel, 23 Kiel, FRG 


Received |1 July; accepted 23 August 1977. 


1. Southward, E. C. Oceanog. mar. Biol. A. Rev. 9, 193-220(1971);in Reproduction 
of Marine Invertebrates (eds. Giese, A. C. & Pearse, J. S.) (Academic, 
New York, London, 1975); Symp. Zool. Soc., Lond. 36, 235-251 (1975). 

. Franzén, A. Acta Zool. $4, 179-192 (1973). 

. Webb, M. Sarsia 13, 45-49 (1963). 

. Ivanov, A. V. Pogonophora (Academic, New York, London, 1963). 

- Carlisle, D. B. in Pogonophora (ed. Ivanov, A. V.) (Academic, New York, 
London, 1963). 

. Southward, A. J. & Southward, E. C. J. mar. biol. Ass. U.K. 43, 57-64 (1963), 

« Ivanov, A. V. Zool. Jb. Abt. syst. 85, 430-500 (1957), 


SD usun 


Blood-sucking flies and 
primate polyspecific associations 


PRIMATE polyspecific associations are likely to be an effective 
means of reducing the number of fly bites individual monkeys 
receive’. The probability of acquiring a vector-borne disease, and 
the severity of that disease increases with the number of fly bites an 
animal receives? *. Bait animals placed in groups are known to 
attract fewer individual mosquitoes per bait individual than are 
bait animals placed singly**. Mean group size of the mangabey, 
Cercocebus albigena is about 13 in Kibale Forest, Uganda, and the 
mean group size of Colobus badius and Cercopithecus ascanius are 
50 and 35 respectively”. Associations of groups of these species are 
likely to reduce significantly the number of dipteran bites in- 
dividual monkeys receive™". Other explanations proposed for 
primate polyspecific associations include increased food location 
abilities, and increased predator detection and avoidance*”. I 
report here the correlation of the temporal occurrence of C. 
albigena polyspecific associations with the activity of biting and 
sucking flies, C. albigena feeding and other activities, and the 
temporal occurrence of attacks by the crowned eagle-hawk 
(Stephanoaetus coronatus) (eagles are the only known predator of 
these monkeys). The study was carried out in the Kibale Forest, 
Ngogo Reserve. 

On 5 d each month from January to September 1975, I followed 
a group of C. albigena from dawn to dark. Data on mangabey 
activity and polyspecific associations were recorded during four 5- 
min periods each hour (0-5, 15-20, 30-35 and 45-50 min). During 
each 5-min period as many individual C. albigena as possible were 
located, and the predominant activity ofeach duringa 10-s interval 
was recorded. ‘Moving’. ‘sitting’, and ‘feeding’ are the activity 
categories used here. The location ofeach C. a/bigena observed was 
plotted on a map (4 cm = 100 m) of the study area. To record daily 
and hourly movements, net group displacements were measured 
from one 5-min period to the next. The actual distance measured 
was from thecentral focus of individuals in one 5-min period, to the 
central focus of the next. A polyspecific association was defined as 
the presence of more than one individual of another species within 
20 m of the nearest mangabey. Times of cagle attack were recorded 
as they occurred. Attacks took the form of an eagle flying fast and 
low through the tree tops and branches. usually through the midst 
of the mangabey group. Activity of biting and sucking flies was 
determined using myself as bait. On 4d I placed myself (naked 
arms and legs) on a platform 20 m above the forest floor, and 
remained there from dawn to dark. All flies (mosquitoes and 
others) biting me were recorded each hour. and when possible I 
killed all flies actually biting. Data from all days have been 
aggregated. 

The C. a/bigena group took part in polyspecific associations on 
43 of the 45 d of observation. Of a total 513 associations, 90.8%, 
involved C. ascanius, 22.01%, C. badius, 5.07% Colobus guereza, 
1.75%, Papio anubis and 0.59%, Cercopithecus lhoesti. There was 
little interaction between species during the associations. On two 
occasions juvenile C. a/bigena attempted to join play groups of the 
other species. Other interactions were confined to adult C. 
albigena, displacing or occasionally chasing C. ascanius. 

The occurrence of C. a/bigena in polyspecific associations was 
not equally distributed throughout the day (y7=19.71, d.f=9, 
P <0.05) (Table 1). There was a significant correlation between the 
hourly occurrence of polyspecific associations and the hourly 
activity of biting flies (r,=0.63, N=10, P<0.05) (Table 1). 
Because the data on Kibale fly activity are sparse. I also compared 
the temporal pattern of associations with the timing of mosquito 
activity in rainforest in Bwamba County, Uganda'’. The cor- 
relation is significant (7, =0.66, N = 10. P <0.05) (Fig. 1). 

There were no significant correlations between the hourly 
occurrence of primate polyspecific associations and eagle attacks 
(r,=0.119, N=10, P>0.05), mangabey feeding activity (r, = 0.08, 
N=10, P>0.05). sitting activity (r= —0.08, N=10, P >0.05), 
movement activity (r,=0.42, N=10, P>0.05), and the hourly 
distance travelled (r = —0.05, N= 10, P>0.05) (Table 1). 
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Table 1 Polyspecific associations. feeding, moving and sitting activities. hourly distances travelled. eagle attacks and the number of biting flies ofa group 








of mangabeys 
Total Feeding Sitting Moving Mean Eagle Biting 
Time associations observations observations observations distance attacks flies 
travelled (m) 

0800-0900 57 308 170 200 107 3 12 
0900-1000 4} 367 123 209 133 l 5 
1000-1100 42 416 145 187 100 4 5 
1100-1200 35 400 157 196 118 4 l 
1200-1300 24 298 178 241 14] l 9 
1300-1460 34 364 167 168 95 2 lI 
1400-1500 36 321 158 218 164 2 ll 
1500-1600 42 408 105 225 121 0 g 
1600-1700 46 452 108 198 147 l 31 
1700-1800 49 338 126 211 118 0 él 
ry 0.08 ~ 0.08 0.42 ~0.50 0.119 0,63 
P NS NS NS NS NS <0.05 





The diurnal periodicity found in the occurrence of primate 
polyspecific associations is in agreement with studies on other 
African primates'', and previous work on Kibale primates®. 
During the early mornings I noted that several species had 
frequently slept adjacent to one another. The dawn and dusk peaks 
in polyspecific associations probably represent the iniation and 
termination of night-long associations. As the C. a/bigena group 
slept in 45 different places on 45 different nights, there does not 
seem to be any shortage of sleeping sites. 

These data do not support the possible existence of increased 
predator surveillance, increased food detection abilities or chance 
as causal to primate polyspecific associations. Predator detection 
may well be improved during the associations, but it does not 


% of total 





0800-0900 1700-1800 


Time (h) 


Fig. 1 Cercocebus albigena polyspecitic associations and the activity 

of Kibale biting flies and Bwamba mosquitoes. ~, polyspe- 

cific associations: ~ Bwamba mosquitoes: Kibale biting 
flies. 





explain the temporal patterns. Feeding by two or more species in 
the same tree or in the same area was common, and one species may 
well use another as an aid in food location. But again, C. albigena 
feeding activities bore no significant relation to the temporal 
pattern of association. Predation, food and chance seem to do little 
more than add noise to a pattern that is probably due to another 
factor. 

The importance of the significant correlation betwéen polyspe- 
cific associations and biting fly activity is dependent on the 
importance of dipteran-borne disease to monkeys, and on the 
probability of polyspecific associations lowering the number of fly 
bites individuals receive. The size of the primate groups involved, 
and the published data on effects of number of bait animals suggest 
that polyspecific associations could easily reduce the number of 
bites received by individual monkeys. C. a/bigena, C. ascanius, and 
P. anubis all suffer from Hepatocystis kochi (monkey malaria’) 
which is present in Kibale!?. C. albigena. and P. anubis suffer from 
Dirofilaria sp. and C. ascanius have been found with microfilaria !?, 
All Kibale monkeys suffer from yellow fever. and other arbo- 
viruses are probably present! ?, Experimental infection of three C. 
ascanius with yellow fever resulted in fevers for 1—3 d, and the 
death of one due to an ‘intercurrent infection’!? Such effects are 
likely to have considerable impact on free-living monkeys. A 
mechanism exists for reducing the number of fly bites received per 
individual monkey. The temporal pattern of this mechanism 
correlates with the times of day when it could function to reduce the 
number of fly bites per individual monkey. Disease organisms 
using flies as vectors are prevalent among the Kibale monkeys, and 
seem capable of being a strong selective factor acting to promote 
primate polyspecific associations. 

I thank the Department of Forestry and the National Research 
Council, Government of Uganda for allowing this study to take 
place and also my field assistants for their help. The New York 
Zoological Society. the NIH and the NSF provided financial 
support. 
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Physiological correlates 
of an enzyme polymorphism 


ATTEMPTS to demonstrate the action of natural selection at 
enzyme loci have relied mainly on in vitro biochemical techniques 
to detect differences between allelic forms of the enzymes! ~°. 
It is usually assumed that differences detected in this way will be 
relevant in vive. The data on human inborn errors of metabolism 
do not support this view, however; in the majority of cases 
these are recessive. Heterozygotes, which usually have about 
50% normal enzyme activity, rarely show clinical symptoms’. 
As any difference in activity between allozymes is likely to be 
much smaller, it cannot be assumed that such differences will 
necessarily be physiologically important. The properties of an 
enzyme molecule ‘can only be biologically significant to the 
extent to which they affect the concentrations and flow of 
intermediates in its metabolic pathways. It was recently shown 
that changes in the concentration of most enzymes in a pathway 
at steady state will have little effect on flux®*. Therefore, to 
demonstrate that differences in fitness between strains possessing 
different genotypes at'an enzyme locus are caused by that gene 
substitution, it is necessary not only to show that differences in 
kinetic parameters can be detected in vitro, but also that changes 
in the activity of the enzyme will affect flux through that path- 
way. I previously described’ significant changes in genotype 
frequency at a phosphoglucomutase locus in a wild population 
of field mice (Apodemus sylvaticus) which occurred at a time of 
food shortage and declining population numbers. I report here 
the results of some ir vivo experiments on glycogen metabolism 
in animals of different genotypes at this locus, inducing glyco- 
genolysis by fasting. The results parallel survival data from the 
wild population and suggest that the genotype of an individual 
at this locus is-of physiological significance and may therefore 
be subject to natural selection. 

The phosphoglucomutase isozyme pattern in field mice is 
similar to that in man’..Of the two loci that are active in 
erythrocytes, only the faster migrating one (PGM,) is poly- 
morphic. The two common alleles gave slow (a) and fast (c) 
bands on electrophoresis. This enzyme catalyses the inter- 
conversion of glucose-l-phosphate and glucose-6-phosphate—a 
reaction which links the pathways of glycogenolysis and 
glycolysis. In contracting muscle the flux passes directly from 
one pathway to the other but when liver glycogen is mobilised 
it is released primarily as free glucose. This pathway in liver is 
unusual in that it is short and has a clear beginning and end so 
that flux can be determined by measuring changes in stored 
glycogen concentration. 

Liver glycogen content, estimated with the anthrone re- 
agent*", falls when field mice are fasted overnight. The mean 
concentration in 28 control animals was 28.9 mg per g wet 
weight (s.e., 2.41) while in 58 fasted animals it was 13.4 mg per g 





Table 1 Glycogen content of liver in fasted A. sylvaticus according to 
PGM., genotype 





Genotype. l aa ac ce 
Mean 6.3 16.5 15,2 
s.e. 1.66 4.02 2.25 
N 14 18 16 


Values are in mg per g wet weight. Electrophoretic methods were 
as described previously’. The genetic background of the experimental 
animals was standardised by taking F, offspring from crosses between 
two lines, both of which were segregating for the g and c alleles at 
the PGM, locus. Thus, all the experimental homozygotes had 
received one allele from each line. Food, normally freely available, 
was removed from the cages of fasted animals at the start of their 
night period. All animals were killed 15-16 h later. Liver glycogen 
was estimated with the anthrone reagent? using sodium sulphate as a 
coprecipitant*. The recovery rate of a glycogen standard with this 
technique was 92%; at an initial concentration of 5%. P <0.01; 


lag = 


803 


(s.e., 2.41; tes = 5.4, P < 0.001); PGM; genotype was known 
for 16 of the control animals. There was.no significant difference 
between genotypes: eight animals of the aa genotype had a- 
mean value of 26.1 mg per g (s.€., 3.8) while an equal number 
of ac animals had a mean of 22.2 mg per g (s.e., 3.7). 

Table 1 shows the relationship’ between. liver "glycogen level 
and PGM, genotype in 48 fasted animals. The mean for the aa 
genotype is significantly lower than the combined mean for the 
other two groups (tj = 3.32, P < 0,01). These data show a 
correlation between liver glycogen metabolism and. PGM, 
genotype which is revealed by fasting, although genetic studies 
would be required to establish the causal nature of this relation- ; 
ship. ; 

Table 2 shows recapture rates foreach PGM, genotype in a 
natural population of A. sylvaticus ata time of high density, 
restricted food supply and falling population numbers’, There 
are significant differences in the proportion recaptured for the 
different genotypes and, as in Table 1, the heterozygo' 
similar results to the cc homozygotes. Such data give a 
estimate of survival rates®. Although errors in these estimates 
could arise from genetically non-uniform dispersal, they are 
unlikely to be large in this case as dispersal is uncommon in 
declining populations". The. differences between genotypes in. 
physiological responses to fasting may therefore lead to 
differences in survival rates at a time of food shortage. 



















Table 2 Recapture rate of field mice according to PGM, genotype 


PGM, genotype aa ac ee 
Total caught 22 36 RUE -Y 
Total recaptured il 7 es 
Proportion 0.50 0.19 ee OL J a 








Data from a natural population at Charnwood (Leicestershi ‘ 
UK) giving the minimum survival rate of animals first caught in 
October 1974. The population was studied for 2 yr by mark=reca) 
trapping and gel electrophoresis’ and this sample represente. asingi 
cohort of non-reproductive animals. x? = 7.32, P < 0.01; 


The impact of genotype at the PGM, locus on liver iiion. ; 
metabolism is unexpected as this locus provides less than 10% — 
of total PGM activity in human liver". These results indicate 
that thetwo major PGM loci may have different roles in vivo, they 
have already been shown to differ in kinetic properties!?,, This 
view is supported by several studies on the fate of labelled BS 
glucose and glucose phosphates in vivo™-", which sugges hat 
there may be two pools of glucose-6-phosphate in both liver : 
and muscle, one of which is accessible to exogenous glucose 
phosphates and is involved in glycolysis while the other, from 
which glycogen is synthesised, is accessible only to: glucose. Each 
of the two major PGM enzymes may be associated with only 
one of these glucose-6-phosphate pools, with the PGM, enzyme 
being the more important in glycogen mobilisation. 

These results make it possible to visualise a physiological 
mechanism whereby aa animals are more fit than are ac and cc 
ones when food supply is restricted. If a higher rate of mobilis- 
ation of glycogen reserves is reflected in a higher potential for 
activity, aa individuals will have a competitive advantage when 
food reserves are few and widely scattered. 

Considerable effort has been expended in attempts to 
demonstrate a selective basis for enzyme polymorphisms by 


‘ means of in vitro biochemical studies!® although in vitro 


differences may have little physiological importance. The 
results of the in vivo experiments described here suggest that 
this approach may prove more rewarding. 
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. 
Activated macrophages 
induce vascular proliferation 
MICROVASCULAR proliferation is essential to many biological 
processes, such as wound healing, but the mechanisms underlying 
this vascular response are poorly understood'. Neovasculari- 
sation can be induced by extracts from various cell types, including 
malignant solid tumour cells*, normal and viral-transformed 
(SV40) BALB/c 3T3 cells, and diploid human embryonic lung 
fibroblasts*, and neutrophils*. Extracts of mouse salivary gland* 
and skin® have been reported to induce vascular growth, but the 
relevance of these observations to the vascular proliferation that 
occurs in wound healing and chronic inflammation is unclear. 
Neovascularisation is also an important component of immu- 
nological reactions. Sidky and Auerbach reported increased vessel 
density in the skin during graft-versus-host reactions and attri- 
buted it to the lymphocyte’. Herman and associates* and Ander- 
son et al.” found an increase in capillary density, and extensive 
proliferation of postcapillary venular endothelium, respectively. 
in lymph nodes undergoing strong immunological reactions. We 
have shown significant endothelial proliferation in delayed hyper- 
sensitivity reactions in the skin of guinea pigs at the time of 
maximal mononuclear cell infiltration'® and so we have in- 
vestigated whether macrophages, an important component of 
immunological and non-immunological inflammatory reactions, 
might be involved in this vascular response. We report here that 
macrophages activated in vivo and in vitro, and media conditioned 
by these cells, induce vascular proliferation in the guinea pig 
cornea. 

Neovascularisation was assayed in the normally avascular 
cornea of the guinea pig eye by introducing either cells or media 
into the stroma and observing the growth of vascular sprouts from 
the limbus into the cornea. The macrophages were obtained from 
the peritoneal cavities of untreated guinea pigs, or from guinea pigs 
or mice that had previously been injected with paraffin oil or 
thioglycollate, respectively. We have used the terms “non- 
activated” and “activated” to refer to macrophages from un- 
treated or injected animals, respectively. The activated macro- 
phages were richer in dense phase vacuoles and in pinocytotic 
vesicles. Macrophages (5 x 10°) were injected into the corneal 
stroma 1.5 mm from the limbus in 10 ul of medium 199 (Table 1). 
Media conditioned by incubation with macrophages in vitro 
(legend to Table 2) were incorporated into Hydron (a polymer of 
hydroxyethylmethacrylate) as described by Langer and Folk- 
man'', and a 5-l pellet was implanted in an asceptically created 
pocket in the corneal stroma! ?. This polymer was used because it is 
non-inflammatory and permits a prolonged release of in- 
corporated compounds''. Corneas were examined daily with a 
slit-lamp stereomicroscope (10-40 x magnification) for evidence 
of neovascularisation. After 7 d, just before killing, the animals 
were perfused intra-arterially with colloidal carbon, which filled 
the corneal blood vessels and provided a permanent record of the 
individual vascular response. 
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Excised corneas were fixed in buffered neutral formalin, flat- 
tened, photographed, and then processed for histological exam- 
ination. A positive neovascular response was recorded when a 
dense brushwork of new capillary sprouts and hairpin loops grew 
from the adjacent limbal plexus, in a directional fashion towards 
the depot of test materials (Fig. 1a and b). When observed in vivo, 
proliferating capillaries were seen to grow 0.1-0.2 mm d~! and 
they underwent extensive branching as the response developed. 
Corneas with positive vascular responses did not become oede- 
matous and histologically showed negligible infiltration by poly- 
morphonuclear leukocytes. Responses were recorded as negative 











Fig. | Carbon-perfused vessels in Hartley albino guinea pig corneas 
7d after injection of macrophages or implantation of Hydron 
polymer. a, Positive neovascular response induced by homologous in 
vive-activated (paraffin oil) peritoneal macrophages. Note 
directional ingrowth of small blood vessels from the limbal plexus 
adjacent to the injection site (arrows), and the normal vascular 
pattern around the remainder of the corneal circumference (whole 
mount preparation. b. Higher power view of positive response. The 
dense neovascular plexus consists of numerous small sprouts and 
dilated, tortuous loops. which have penetrated the corneal stroma in 
several planes. c, Typical negative response in test cornea implanted 
with Hydron plus unconditioned RPMI 1640 medium. Note the 
apparently normal limbal vessel pattern and the absence of both 
hairpin loops and sprouts (same magnification as b). 
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Table 1 Neovascularisation by various preparations of peritoneal macrophages injected into guinea pig corneas 











Total no. of 


Cell preparations corneas tested* 
Controlst 24 
Homologous resident (non-activated)} 12 
Homologous activated § 18 
Autologous activated® 4 
Isologous activated | 8 
Heterologous resident (non-acti¥ated)t 12 
Heterologous activated** f 25 


Heterologous macrophage incubated 
in vitrattoos 
With latex : 7 
Without latex 4 


No, of negative No, of positive 2 Positive 


24 OF 9 
1 i E 8 
4 14 78 
0 4 400 
2 6 78 
u | 8 
17 68 

2 5 1 
3 i 25 





*See text forcritetia used in scoring neovascular responses and typical examples in Fig. 1. 
+Inducing agents (paraffin oil, thioglycollate, peptone): collection media (M199), culture medium (RPMI 1640 +5% foetal calf serum). » 
+Resident peritoneal macrophages from Hartley albino guinea pigs and BALB/c mice were obtained from normal non-stimulated. animals following 


lavage with serum-free medium 199 (M1 99). 


§Homologous activated macrophages were obtained from peritoneal exudates in Hartley albino guinea pigs 3 dafteran intraperitoneal injection of 30-ml 
of sterile paraffin oil. Whole exudates suspended in M199 were layered over Lym phocyte-Separation Media (Litton Bionetics) to remove contaminating red 


blood cells and granulocytes, washed twice and resuspended in M199 for i 
exclusion) and consisted of 85-90% macrophages, <15% lymphocytes, <5% 


ntracorneal injection. There preparations were 85-95%, viable (Trypan blue 
“granulocytes, < 1% other cells. Se eaeEs : 


In four Hartley albino guinea pigs, paraffin ojl-induced peritoneal macrophages obtained from individual guinea pigs were tested in their own corneas. 

Paraffin oil-activated macrophages obtained from inbred (Strain H) guinea pigs were injected in the cornea of guinea pigs.of the same strain, 

** Activated macrophages obtained from BALB/c mice 3 d after intraperitoneal injection of | mt of 3% thioglycollate were collected, processed in the 
same manner as ‘guinea pig exudates and injected in Hartley albino guinea pig corneas. : Se AS 

+#4 x 10° cellsin 1 mi RPMI 1640 + 5°/ foetal calf serum were plated in 35 x 10 mm Falcon plastic dishes and incubated at 37°C with and without sterile 
latex particles (Dow Chemical, 1.09 um diameter, 50 beads per cell)'®. After incubation for | h, non-adherent cells arid latex were removed by washing.and., 
adherent macrophages were detached by a 10-min treatment with 10 mM lidocaine, washed, suspended in RPMI 1640 and injected into test corneas. 


when no growth, or only occasional capillary sprouts or hairpin 
loops, with no evidence of sustained directional growth were 
observed (Fig, 1e) 

Tables 1 and 2 summarise the cumulative results of cells and 
media tested. Control materials (paraffin oil, thioglycollate, 
peptone; collection media, culture media incubated without cells; 
pellets of Hydron or Hydron and control media) showed activity in 
3 out of 51 corneas tested (6%). Resident non-activated macro- 
phages showed activity in 2 out of 24 corneas (8%). In contrast, in 
vivo activated macrophages (regardless of their source) induced a 
neovascular response in 41 out of 55 corneas tested (75%). In 
addition, macrophages stimulated in vitro by latex ingestion were 
more active (Sof 7 corneas) than unchallenged macrophages (1 of 4 
corneas). Finally, incorporation of conditioned media from 
cultures of heterologous activated macrophages.in Hydron pellets 
induced neovascularisation in 15 of 23 corneas (65%). 

Our results demonstrate that. macrophages can induce micro- 
vascular proliferation’in vito and they also point to some of the 
possible mechanisms for the reaction. First, from histological 
studies it seemed that the microvascular responses were not 
assogiated with an acute inflammatory response'?. This was 
in ¢@ntrast to other studies in which neovascularisation by 
macrophages’ was accompanied by acute inflammation'*. 
Such a response complicates the issue of deciding which cell is 














Table 2 Corneal neovascularisation induced by macrophage-conditioned media 


ultimately responsible for the reaction. Furthermore, ‘in, pre- 
liminary studies, we have been unable to produce corneal heovas- 
cularisation by implanting neutrophils or activated lymphocytes: 
Second, the neovascularisation could not be attributed solely toan 
immunological reaction since it was produced in a completely 
syngeneic cell system: These two points lead us to believe thatthe 
response is directly attributable to the macrophage. although some 
subtle interaction with other cell types cannot be strictly excluded. 
It is of interest that the responses to macrophages required their 
activation; namely, the macrophages either had to be obtained 
from peritoneal cavities following inflammation, or thecells had to’ 
be stimulated to phagocytose latex particles in vitro. There isample 
evidence for increased macrophage function following various 
modes of stimulation! >. Indeed, changes in phagocytic properties 
(for example, in secretion, in lysosomal contents) take. place 
following stimulation of macrophages by various means. In the 
context of the possible in vivo significance of the phenomenon, it 
seems that the neovascularising properties of macrophages are 
inducible rather than constitutive. Finally, the results showing that 
macrophage-conditioned media contained. an active: material 
strongly suggests that the mechanisms responsible for the pheno- 
menon may be by way of secretion of an active molecule. 
Macrophages can secrete’a variety of macromolecules'®'!” and 
characterisation of the active material is now in progress. Our 














Total no. of 
Test material corneas tested 
Hydron and macrophage-conditioned 
media* 23 
Hydron and control mediat 12 
Hydron carrier : 1s 


i nr anane LCC A 


*Macrophage-conditioned media were prepared by culturing peptone- 





No, of No. of 
negative positive S Positive 
8 15 65 
l 1 8 
13 2 13: 





induced BALB/c mouse peritoneal macrophages for 24 h in serum-free RPMI 


1640 media!®. After centrifugation. samples were dialysed for 72 h against RPMI 1640 to remove low molecular weight inhibitors of DNA and protein 


synthesis and concentrated on an Amicon UM05 filter. Conditioned medium (2.5 gl; 0.5 x 1062.5 x 10° cell equivalents) were then combined with an 


equal volume of sterile Hydron casting solution (prepared by dissolving the polymer in absolute a Icohol at 37 °C}!!! and allowed to dry overnight before: 


implantation. 


+RPMI 1640 medium, incubated without cells and processed as described above. 





observations therefore suggest that, among its diverse functions in 
the chronic inflammatory response. the macrophage may mediate 
microvascular proliferation. 

We thank Dr S. Schlossman for his gift of Strain H guinea pigs. 
and Drs R. Langer and J. Folkman for assistance with the Hydron 
technique. This work was supported by a grant from the USPHS. 
M.A.G. is the recipient of an established investigatorship from the 
American Heart Association. 
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S 
Human virus-infected target 

cells lacking HLA antigens 

resist specific T-lymphocyte cytolysis 


Propucts of the major histocompatibility complex (MHC) 
are important as target structures in T lymphocyte-mediated 
cytolysis. In mice, virus (or hapten)-sensitised T cells are 
cytotoxic for specific virus-infected (or hapten-modified) 
target cells exclusively when syngeneic or at least identical for 
either the K or D region of the MHC. These findings led 
to the ‘altered-self’ hypothesis® which assumed that cytotoxic 
T cells do not recognise specific viral antigens, but rather a 
modification of histocompatibility antigens induced by the 
viral infection. One prediction of this theory was that murine 
cells expressing viral antigens but lacking H-2 determinants 
would be resistant to T cell-mediated lysis. Indeed, this fact 
was established recently by Zinkernagel and Oldstone using 
murine F 9 teratoma cells’. There is still no evidence for the 
involvement of HLA antigens in the process of immune killing 
of virus-infected target cells by human T lymphocytes. But, 
Svedmyr and Jondal have shown that peripheral T cells from 
patients with infectious mononucleosis (IM)—and not from 
normal donors—killed specifically Epstein-Barr virus (EBV) 
genome-carrying B lymphoblastoid cell lines” and Burkitt's 
lymphoma cells’. By contrast, these T cells were devoid of any 
cytotoxic activity against EBV negative cell lines. Similar data 
were obtained by other workers!*-| Thus, peripheral T cells 
from patients with infectious mononucleosis seemed to be 
sensitised to viral coded determinants, and could presumably 
be used in a model to study T-lymphocyte killing of virus- 
infected cells in human. If, in man as well as mouse, the MHC 
is directly involved in the target structure recognised by virus- 
sensitised cytolytic T lymphocytes, HLA-lacking target cells 
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should be resistant to immune T-cell killing. We report here 
that Daudi cells, originating from a human Burkitt's lym- 
phoma line and lacking HLA products!?2-", are resistant to 
lysis by EBV-sensitised peripheral T lymphocytes from patients 
with infectious mononucleosis. 

The experiments involved a “Cr release assay according to 
Cerottini and Brunner’ with minor modifications. Targets 
were cells from several B-lymphoblastoid lines and effectors 
were peripheral T lymphocytes from patients with infectious 
mononucleosis. The EBV genome-carrying lines used were 
T-51 (ref. 16), 8866 (ref. 17) and Daudi, and the EBV-negative 
line was Ramos!*. All lines were maintained in our laboratory. 
Effector cells were purified from the blood of six patients with 
infectious mononucleosis, as assessed by a positive Paul 
Bunnel—Davidson test. Peripheral lymphocytes were isolated on 
Ficoll-Hypaque gradients. As unpurified peripheral blood 
lymphocytes exerted nonspecific killing on cell lines*, further 
purification of T cells was required. This was achieved by 
removal of B cells either by EAC rosetting or by use of a 
cytotoxic anti-B antiserum'*. These processes yielded 99% 
pure T lymphocytes as assessed by E rosette formation. 

Peripheral T lymphocytes from patients with infectious 
mononucleosis were cytotoxic for cells from the two HLA- 
positive EBV genome-carrying lines T-51 and 8866, whereas 
they were unable to kill cells from the HLA-positive EBV 
genome-negative line Ramos (Fig. 1). These results are in 
complete agreement with the data of Svedmyr and Jondal. 
Strikingly, Daudi cells, though containing EBV genome, were 
resistant to lysis by these EBV-sensitised T cells. The human 
cell line Daudi lacks HLA products as assessed by the absence 
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Specific lysis (%) 
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Fig. 1 Cytotoxicty of T lymphocytes from a patient with infectious 
mononucleosis towards- target cell lines. Cytotoxicity tests were 
performed in U-shaped microtitre plates in a total volume of 
0.2 ml RPMI 1640 medium supplemented with antibodies and 
10° human AB serum (previously tested for absence of any 
cytotoxic activity). 2.5 x 104 labelled target cells and 1.25 x 10° or 
2.5 x 10° effector cells were mixed (effector—target ratio of 50:1 or 
100:1). Cultures were set up in triplicate. After 12-14 h of incuba- 
tion at 37 °C in 5% CO, atmosphere, the supernatant of each 
culture was collected and *'Cr release was measured using a 
y counter (Intertechnique). Simultaneously, spontaneous release 
in the presence of saponin was measured. Specific lysis was 
expressed according to the formula 
Experimental release — Spontaneous release < 100 
_ Total release — Spontaneous release 
a, Daudi cell line; no HLA products, EBV genome positive. 
b, Ramos cells, HLA phenotype 3-5-X-Y, negative for EBV 
genome. ce, T-51 cells, HLA phenotype 1-2-8-W27, EBV 
genome positive. d, 8866 cells; HLA phenotype 2-3-7; EBV 
genome positive. 
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of reactivity with anti-HLA antisera tested by cytotoxicity, 


absorption, immunofluorescence and immunoprecipitation’? ™. 
Daudi cells express EBV-coded determinants, however, as 
shown by reactivity with relevant antibodies (anti-EBNA and 
MA)**2!_ Finally, Daudi cells are susceptible to antibody- 
mediated immune killing, since they could be lysed in ADCC 
assay using anti-EBV sera and normal lymphocytes*! and in 
complement-dependant cytotoxicity assay using different anti- 
B sera?®. This is also established by our own data as shown in 
Table 1. Daudi cells were lysed by rabbit anti-human lympho- 
cyte serum in presence of complement and not by anti-HLA 
serum. Also, ADCC was positive using anti-lymphocyte and 
anti-B cell sera, but negative using anti- HLA serum. According 
to results from murine models, it is tempting to assume that 
the resistance to lysis by EBV-sensitised T lymphocytes ex- 
hibited by Daudi cells is due to their lack of HLA products. 





Table 1 Susceptibility of Daudi cells to lysis by antibodies 





% of specific cytolysis 


Target cell treated with* Antibody Antibody- 
and dependent} 
complement- cellular 
dependent* cytotoxicity 
cytotoxicity (ADCC) 
Normal AB serum 0.5 -< 
Normal rabbit serumft 0 2.9+0.6 
Anti-HLA serum 
(Eluate from platelets) 0.5 8.541.2 
Rabbit anti-human lumphocyte serum{ 0 20,6 -+1.5 
Human anti-B cell serum 
(Eluate from Daudi cells) ND 26,0-£0.9 
Normal AB serum + guinea pig 
complement 1.8 
Normal rabbit serum + guinea pig 
complement 2 
Anti-HLA. serum -+ guinea pig 
complement 1.3 
Rabbit anti-lymphocyte serum + guinea 
pig complement 96.441.8 





* 5 x 10? *!Cr-labelled Daudi cells were incubated with 150 pl of 
sera (1/30 dilution) for 30 min at 37°C, then 100 ul of guinea pig 
serum (1/2 dilution) used as complement for 1 h. Cells were spun down 
from aliquots of cell supernatants and c.p.m. counted. % of specific 
cytotoxicity was calculated according to the formula 


c.p.m. total release —c.p.m. spontaneous release 
c.p.m. experimental release —-c.p.m. spontaneous release 


+5~ 10! 'Cr-labelled Daudi cells were incubated with the sera 
for 30 min at 37°C before addition of 10° human lymphocytes 
separated by gradient of Ficoll—Triosil. Final dilution of the sera 
was 1/500. After 16 h, percentage of cytotoxicity was calculated as 
above and results expressed as compared with the effect of AB sera 
(% of 'Cr-release in presence of experimental serum — %4 of *'Cr- 
release in presence of AB serum). 

{t Absorbed on mouse cells. 








This would imply that the HLA antigens are directly involved 
in the structure recognised by cytotoxic T lymphocytes at the 
surface of virus-infected target cells. 

Analysis of the results of Svedmyr and Jondal® shows a wide 
variability of the range of specific killing of each effector 
lymphocyte population towards different cell lines. This observa- 
tion might be explained by a necessary requirement of HLA 
identity between target cells and effector cells, as suggested by 
murine models. 

T lymphocytes from patients 3 and 4 did indeed exert higher 
specific killing for 8866 than for T-51 cells, while T lymphocytes 
from patient 6 were more cytotoxic for T-51 target (Table 2). 
This excludes a higher susceptibility to lysis of one cell line as 
compared with the other and may evoke a requirement of some 
HLA compatibility between effectors and targets. It should be 
noted, however, that T cells from patients 5 (HLA phenotype 
A.9 A.10 BW.35 BW.38) and 6(A.9 A.19.2 B.14) were cytotoxic 
towards target cells with which they shared no HLA antigens. 
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Table 2 Cytotoxicity of T cells from individual patient with 
infectious mononucleosis cell lines 








Effector- LCE % specific 
Patient Target cells target ratio release* lysist 
T Daudi — 32.1 +2.15 — 
10:1 28.6+1.8 —5.1 +2.7 
25:1 33.3 44.1 1.86.1 
H Daudi — 38.5+0.1 me 
25:1 20.540.141  —29.24:0.15 
50:1 28.3429 16ST 
IH Daudi — 37.6 +44.9 — 3 
50:1 25.8413 91ER 005 
T-51 — 27.641.2 te Be 
50:1 37.8 40.6 1440.9 0°. 
8866 — 34.643.7 me 
50:1 50.5 +2.2 2343.4 > 
Ramos — 28.7 -+ 1.3 _ 
50:1 23.842.2 ~6.843.1 
IV Daudi _ 37.6449 me 
50:1 21.541.7 ~-25.8+2:7 
100: 1 32.8 4.5.5 —~7.848.8 
T-51 = 27.641.2 i ; 
50:1 27.941 09L 
100:1 4145.6 22.9 410.2. 
8866 = 34.6 43.7 ene 
50:1 43.3409 13.4414" 
100:1 54.1 4-0.2 29.7-+0.3 
Ramos — 2871.3 mE 
50:1 22.5411 — BOELES 
100: 1 22.3414 — 9 +19 
Vv Daudi — 26.60.7 ~~ 
50:1 31.94-2.3 741434 
T-S1 a 25.5:4+1.5 mie 
50:1 36.94-1.4 1542 
VI Daudi — 37.8 40.4 a 
50:1 39-+2.2 
100:1 37.1+6.1 
T-51 — 42.6 -+3.3 
50:1 63.721 
100: 1 49.9+1.8 
8866 = 37.541.7 
50:1 44.1 +40.5 
100: 1 48.7 44.8 








* 07/5ICr release (+s.e.m.) calculated according to the formula 
c.p.m. experimental releas 
p.m. experime ase 199 
c.p.m. total release 


+Values given +8.e.m. methodology and specific lysis determination 
as in Fig. | legend. : f 





Therefore in man, the histocompatibility identity did not seem 
to be as strongly required as in murine models. , 

But it is well established that series of irrelevant: specificities 
can be detected on cell lines by usual HLA. serotyping. For. 


instance, T-51 cells additionally reacted with sera directed h 


against HLA 10 and 21 and 8866 with anti-HLA 1-11-28-19 
~2-27-5-29-35-21 antisera. These irrelevant reactions could be 
due to alloantibodies directed to Ia-like B-cell antigens. It might 
be postulated that the expression of HLA antigens at the surface. 


of cell lines allows a high degree of cross reactivity with alloanti-: 


sera2?, or that virus-infected cell possibly express new HLA 
specificities, as suggested in the mouse®*. If the latter were:so, 
this would explain why cell lines would not apparently be 
submitted to strong allogeneic restriction when used as target 
cells. It remains possible that much higher specific killing could 
be observed if the target cells were autologous EBV-infected 
B lymphocytes from the infectious mononucleosis patient whose. 
T cells are used as effectors. This possibility is presently under 
investigation. 

But, regardless of the apparent lack of allogeneic restriction 
in this model, the fact that Daudi cells are resistant to lysis by 
EBV-sensitised T cells is the first evidence to suggest direct HLA 
involvement in anti-viral T-cell killing in man. 
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Note added in proof: After submission of our paper, another 
example of implication of HLA in the target structure of T-cell 
killing was published (Goulmy, E., Termijtelen, A., Bradley, 
B. A. and van Rood, J. J. Nature 266, 544-546, 1977) con- 
cerning the response to the H-4 antigens. In this case the authors 
found an allogeneic restriction to HLA-2. 
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Evidence for an H-2/viral protein 
complex on the cell surface as the basis 
for the H-2 restriction of cytotoxicity 


Cytotoxic T lymphocytes generated in mice by immunisation 
with syngeneic Friend virus (FV)-induced tumour cells show 
H-2 restriction, that is, their cytotoxicity is specific not only for 
FV-associated antigenic determinants expressed on the surfaces 
of potential target cells but also for products of genes associated 
with the major histocompatibility complex, H-2 (ref. 1). We 
report here the results of studies concerning the role of molecules 
governed by genes in the K and D regions of the H-2 complex 
in the stimulation of FV-specific immune responses. Studies in 
other viral systems have shown that H-2-restricted T-cell 
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killing can be associated with either K or D region determin- 
ants, that is, cytotoxic T cells from virus-infected mice will 
kill virus-infected target cells which share either the K or D 
region with the infected strain®. Our studies, however, indicate 
that in the FV system there is a selective participation of H-2 
determinants in virus-specific killing by cytotoxic T cells: 
BALB.B mice immunised with cultured, syngeneic FV-induced 
tumour cells produce T cells with a cytotoxicity for other FV- 
induced tumour cells which depends only on identity at the 
H-2D (and not the H-2K) region of the H-2° haplotype. This 
H-2D? restriction in FV-specific cytotoxicity correlates with 
previous observations concerning: (1) partial co-capping of 
H-2D° and not H-2K° specificities following treatment with 
anti-FV antiserum’; (2) selective incorporation of H-2D° and 
not H-2K° specificities into mature FV particles’; and with our 
present observation of (3) blocking of T-cell cytotoxicity by 
anti-H-2D° and not anti-H-2K° antisera. We suggest that the 
basis for this correlation is the formation of H~-2D°/viral 
protein complexes on the surfaces of FV-infected cells, forming 
an ‘altered self’ molecule recognised by cytotoxic T cells as 
previously proposed for the mechanism of H—2 restriction’. 

Mice for these studies were of the BALB/c strain (H-2¢) or 
of congenic strains differing at the H-2 complex: BALB.B 
(H-2? from CS57BL/10) or BALB.G (H-2*%, a recombinant 
haplotype originating from an H~-2°/H-24 heterozygote, from 
HTG/Go). Cultured FV-induced tumour cell lines derived from 
mice of these strains were of the HFL series‘: HFL/b from 
BALB.B, HFL/d from BALB/c, and HFL/g from BALB.G. 
Cells of each of these lines express both the FV-induced FMR 
cell-surface antigen and the virus envelope antigens associated 
with the gp70 protein of FV. 

BALB/c, BALB.B and BALB.G mice were immunised by 
intraperitoneal inoculation of syngeneic HFL tumour cells. 
Peritoneal exudate cells (PEC) taken on day 5 after the second 
or third inoculation were assayed for lymphocyte-mediated 
cytotoxicity (LMC) by the method of Burke ef al’, using 
51Cr-labelled HFL tumour cells as targets. Controls for the 
sensitivity of the LMC reaction to pretreatment with anti- 
Thy-1.2 antiserum and complement were included in most 
experiments and demonstrated that the killing was attributable 
to T cells. 





Table 1 H-2 restriction of T-cell cytotoxicity 





Syngeneic 
Mice H-2 immunising Target cell cytotoxicity 
immunised* haplotype cells (% “Cr release) 
KISD HFL/b HFL/g HFL/d HFL/k 
BALB.B bbbb HFL/b 18 15 0 0 
BALB.G dddb HFL/g 20 37 1 0 
BALB/c dddd HFL/d 0 0 0 0 





In the LMC, 2.5 x 10° immune PEC in I ml and 5 x 104 'Cr-labelled 
tumour cells in 0.1 ml (PEC-target cell ratio, 50:1) were mixed and 
incubated at 37 °C in 5% CO, atmosphere for 6 h. The cells were 
suspended in Medium 199 plus 20% foetal calf serum. Specific release 
of radioactivity into supernatant was compared with that from tumour 
cells alone frozen and thawed four times. 

*PEC were collected at previously determined peaks of activity, 5 d 
after the second or third immunisation. 


One criterion used to define the extent of H-2 identity with 
target cells which would permit the T cells to exert their 
cytotoxicity was direct cross reactivity in the LMC assay (Table 
1). The marked cross reactivity of BALB.B anti-HFL/b and 
BALB.G anti-HFL/g PEC indicated that H-2D” identity was 
sufficient to permit killing to occur. Whether H-2K° identity 
was also sufficient could not be tested by this technique, since 
no target cell was available which shared this genotype but 
differed in the H-2D region. The observation that BALB.G 
anti-HFL/g PEC were ineffective against HFL/d tumour cell 
targets suggested that H~2K*, H-21° and H-2S¢ region identity 
was not sufficient to permit killing. 
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Another criterion used to elucidate the precise requirements 
for H-2 identity between immunising and target cells, was the 
capacity of high concentrations of specific anti-H-2 antisera 
added to the reaction mixture to block T-cell killing of syngeneic 
target cells*. Accordingly, we tested the capacity of antisera 
specific for either H-2K° or H-2D° antigenic determinants to 
inhibit the cytotoxicity of BALB.B anti-HFL/b PEC for HFL/b 
target cells. The results (Fig. 1) showed that anti-H-2D° 
antibodies were effective in blocking the reaction whereas 
anti-H-2K° antibodies showed no greater inhibitory effect than 
did irrelevant anti-H-2* antibodies. Preliminary attempts to 
detect blocking in this same reaction by antibodies to specific 
FV proteins met with little success; of the various antisera 
tested, only one of three available pools of goat anti-gp70 
antiserum demonstrated significant inhibitory activity (data 
not shown). 


20 


10 


% Lysis 


d sake a 
1:4 1:8 1:16 1:32 1:64 
Antiserum dilution 





Fig. 1 Lysis of HFL/b target cells by peritoneal exudate cells 
(PEC) from BALB,B mice immunised with HFL/b tumour cells. 
PEC (2.5 x 10°) in 0.2 ml and 5 x 10* **Cr-labelled tumour cells 
in 0.1 ml were mixed together with 0.1 ml of diluted anti-H-2 
antiserum and assayed for lymphocyte-mediated cytotoxicity as 
noted in Table 1. Antisera used were: ©, anti-H-2D” (BALB/c 
anti-BALB.G normal spleen cells); A, anti-H-2K® [(Ax 
BALB.G) F, anti-BALB.B normal spleen cells]; (J, anti-H—2* 
(BALB.B anti-BALB.K normal spleen cells). 


These experiments indicate that T-cell recognition of foreign 
antigenic determinants on FV-induced H-2" and H-2¢ tumour 
cells involved specificities associated with both the H-2D° 
molecule and a virus molecule, perhaps gp70. The H-2K° and 
H-2K‘ molecules did not seem to be involved in this recogni- 
tion, and no assessment of the possible involvement of the 
H-2D4 molecule- could be made, since cytotoxic activity has 
never been detected in any of several experiments with PEC 
from BALB/c mice. immunised with HFL/d tumour cells. Our 
findings correlate with those of recent studies in which disrupted 
FV particles collected from the serum of infected (BALB/c x 
BALB.B)F, mice (#-2*/ H-2") were examined for H-2 antigen 
content and found to have incorporated H~2D° but not H--2K°, 
H-2D* or H-2K* determinants’. These two sets of experiments 
strongly imply that a physical association between a viral 
molecule and the H-2D° molecule occurs on cell surfaces 
which is based on an affinity between the two molecules which 
does not exist between the viral molecule and the H-2K°, 
H-2D* ot H-2K4 molecules. 

Two further sets of experiments provide an indication that 
this molecular association may be of importance in vivo. First, 
the rejection of grafts of cultured, syngeneic HFL cells was 
correlated with the presence of H-2D° molecules (Table 2). 
All BALB.B mice and 76%% of BALB.G mice rejected HFL/b 
and HFL/g cell grafts, repectively, whereas only 8° of BALB/c 
mice rejected HFL/d cell grafts. 

Second, we attempted to demonstrate that the antigenic 
specificities of cultured HFL tumour cells recognised by immune 
T celis were the same as those of primary FV-infected cells in vive 
by carrying out adoptive transfer experiments (Table 3). Spleen 
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Table 2 Survival of mice challenged with syngeneic tumour cells 





Recipient Tumour Cell No. survivors/ 

mice* cells dose no. inoculated 
BALB.B HFL/b 5 x 108 57/57 
BALB.G HFL/g 5x 108 16/21 
BALB/c HFL/d 5x 108 1/12 
5x10 2/14 





*Mice were inoculated i.p. with syngeneic tumour cellsand observed BE 
for 8 weeks. 


cells from BALB.B and BALB.G donor mice which had. > 
rejected syngeneic HFL cell grafts were injected into irradiated 
(350 R) non-immune syngeneic recipient mice which: then 
received a high dose of FV. Control recipients.of non-immune 
spleen cells developed the pronounced splenomegaly character- 
istic of the FV disease, whereas recipients of immune spleen: 
cells showed no splenomegaly. Pretreatment. of the immune- 
donor spleen cells with anti-Thy-1.2 antiserum and complement 
abolished their capacity to transfer immunity. to the :disease.~. 





Table 3 Adoptive transfer of immunity to FV by syngeneic T cells 
from mice immunised with syngeneic HFL tumour cells 


Irradiated . 
recipients* Mean spleen weights -+ s.d. (g) 
At B Cc 
BALB.B 0.15+0.01 2.31 40.27 Het 
BALB.G 0.10+0.01 1.41 40.21 2.33 +0.07 





*Recipient mice were irradiated (350 R) and inoculated: with si 


x10 syngeneic spleen cells i.v.; 24 h later. the mice received, 3,000 
FFU of FV i.v. Spleen weights were determined after 30 d or earlier 
if mice appeared moribund. Each group included 3-5 mice. 

+Group A received immune syngeneic spleen cells pretreated with 
normal mouse serum and complement; group B received immune 
syngeneic spleen cells pretreated with anti-Thy-1.2. serum plus 
complement; group C received syngeneic spleen cells from unim- 
munised mice. 


FV-infected cells which express the H-2° or H-29 but not the 
H-24 haplotypes show cross-reacting virus-associated antigenic 
alee capable of eliciting a cytotoxic ‘T-cell ‘response 
directed against specificities associated with the H-2D? molecule. 
This immunogenicity seems to be the result primarily of the 


formation on the cell surface of an H-2D*/viral molecule 


complex, but the capacity to form such a Samples is not, in 
general, a property of other H-2D or of H-2K molecules. Jt | 
seems likely that this phenomenon is, at least in part, the basis. f 
of the observation? that H-2 type is-a major determinant of- 
susceptibility or resistance to viral leukaemogenesis in mice. < 
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Effect of protease inhibitors and 
substrates on deoxycorticosterone binding 
to its receptor in dog MDCK kidney cells 


Tue dog kidney MDCK cell line contains a protein in its 
cytosol that specifically binds deoxycorticosterone (DOC) 
and can concentrate DOC in its nuclei. A Scatchard 
analysis of “H-DOC binding shows that the Ka is about 
8xX10°°M (refs 1, 2). We describe here a study of the 
effects of various protease inhibitors on DOC binding to 
its receptors. The DOC receptor in MDCK cells may 
contain a specific structure which recognises protease 
inhibitors. 

The protease inhibitors, phenylmethyl sulphonyfluoride’ 
(PMSF), tosyl-lysine chloromethyl ketone‘ (TLCK) and 
tosylamide-phenylethyl-chloromethyl ketone’ (TPCK) elim- 
inate specific H-DOC binding activity in the MDCK 
cytosol. This occurs both when these compounds are 
present in the homogenising medium and when added to 
the 104,000g cytosol just before *H-DOC. The elimination 
of *H-DOC binding could be due to these protease 
inhibitors either interacting with the DOC receptor or 
preventing a proteolytic process necessary for activation 
of pro-receptor for DOC. To distinguish between these 
possibilities, we incubated the 104,000g cytosol with 
3x10°M “H-DOC for 2.5h at 0°C. By this time, 
equilibrium binding of the *H-DOC has been achieved. 
Then a 1,000-fold molar excess of nonradioactive DOC, 
1 mM PMSF, 1 mM TLCK, or 0.5mM TPCK was added 
to aliquots of the cytosol. In Ih the three protease 
inhibitors eliminated specific *H-DOC binding; whereas 
the binding of *H-DOC by the untreated cytosol did not 
change (Table 1). We therefore conclude that these protease 





Table 1 Effect of protease inhibitors on °H-DOC binding in MDCK 
cell cytosol 





Bound *H-DOC 


Sample (c.p.m. per mg protein)* 
3H-DOC (3 x 10-78 M) 2.5 h incubation 220,300 
8H-DOC (3 x 1078 M)+ DOC (3 x 1075 M) 19,300 
2.5 h incubation 
8H-DOC (3 x 1078 M) 3.5 incubation 214,900 
3H-DOC (3 x 10-8 M)+ DOC (3 x 107° M) 19,900 
3.5 h incubation 
3H-DOC (3 x 1078 M) 2.5 h incubation, then 
PMSF (1 mM) Lh 21,600 
TLCK (1 mM) lh 22,000 
TPCK (0.5 mM) Ih 20,000 
DOC 3 *10-°M) Ih 19,800 





MDCK cells were cultured in Dulbecco-Vogt modified Eagles 
medium with 10%% foetal calf serum on 100-mm Falcon tissue culture 
dishes. Two days after cell growth had stopped, the cells were washed 
once with cold phosphate-buffered saline and once with the homo- 
genising solution, 10 mM Tris pH 7.44 2mM EDTA. The cells were 
removed from the dish with a rubber policeman and homogenised in 
a Dounce homogeniser. The homogenate was centrifuged at 104,000g 
for 1 h. The resulting cytosol was incubated at 0 °C with 3x 107° M 
SH-DOC (48 Ci mmol, New England Nuclear). An aliquot was also 
incubated with 3x 10-'M 8H-DOC+3x 10-5 M_ non-radioactive 
DOC. After 2.5h at 0°C, aliquots from the 3x 10~*M *H-DOC 
sample were incubated with 1 mM PMSF, I mM TLCK, 0.5 mM 
TPCK, or 3x10- M non-radioactive DOC for 1 h at 0 °C. Bound 
steroid was separated from unbound steroid on BioGel P-10 columns 
(1 x 10 cm). Samples were done in duplicate and the results averaged. 
Variation was less than 10%. Fractions were counted in a liquid 
scintillation cocktail containing Omnifluor (New England Nuclear), 
Triton X-100 and toluene. Thin-layer chromatography, 100 min 
using dichloromethane—acetone (80:20) as the developing solvent, 
shows that incubation of 7H-DOC with PMSF, TPCK or p-TME does 
not alter the chromatographic behaviour of =H-DOC. 

*220,300 c.p.m. per mg = 1.26 107" mol per mg protein. 
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Table 2 Dependence of inhibition of *H-DOC binding on the 
concentration of protease inhibitors 





Concentration 


Compound ə% Inhibition 
TPCK 1.5x10~* 97 
1.5% 1077 88 
3.0x 10-8 38 
PMSF 1.5™«10-5 50 
1.5 «107% 34 
TLCK 3x 10-4 47 
1.5«1075 28 





MDCK cell cytosol (with 4 mM dithiothreitol in the homogenising 
buffer) was incubated with 3x 107" M *H-DOC for 1.5h. Aliquots 
were then incubated for 2.5 h with 6* 10-*M DOC, or the above 
compounds. Bound steroid was separated from unbound steroid on 
Sephadex G-25 columns. Per cent inhibition refers to the inhibition of 
specifically bound counts, determined by subtracting the amount of 
3H-DOC bound in presence of 6 x 10-* M DOC from the amount of 
3H-DOC bound in the absence of 6 x 10€ M DOC. 


inhibitors interact directly with the DOC receptor. Since 
DOC binding was inhibited by concentrations of protéase 
inhibitors that were several orders of magnitude greater 
than the concentration of *H-DOC (Table 1), we con- 
ducted more detailed studies at lower concentrations of 
inhibitor to determine if inhibition of DOC binding 
occurred at concentrations which would be indicative of 
stoichimetric reaction with the DOC receptor. We also 
sought to determine differences in the affinity of these 
compounds for the DOC receptor. As shown in Table 2, 
TPCK apparently has a high affinity for the DOC receptor, 
since only a fivefold excess concentration inhibits DOC 
binding by nearly 90%. Furthermore, PMSF, TPCK, and 
TLCK all have different affinities for the DOC receptor 
in MDCK cells. 

Such inhibition of DOC binding by protease inhibitors 
could be due to interaction either with a specific structure 
in the DOC receptor that recognises protease inhibitors or 
of a nonspecific type that denatures the DOC receptor. 
One way in which TPCK or TLCK might denature the 
DOC receptor would be to bind the thiol groups’ on 
the receptor. This possibility is unlikely, however, since 
TLCK and TPCK can inhibit *H-DOC binding to MDCK 
cytosol in the presence of 4mM dithiothreitol and since 
TPCK is effective at concentrations as low as 107 M. 

Additional observations with protease substrates also 
support our postulate that the DOC receptor in MDCK 
cells contains a specific structure that recognises the 
protease inhibitors. Moreover, this specific structure may be 
similar to that recognised by the protease inhibitors in 
proteases. Table 3 shows that four protease substrates, 
p-toluenesulphonyl-L-arginine methyl ester (TAME), L-tryp- 
tophan methyl ester (TME), acetyl-.-tyrosine methyl ester 
(ATEE), and benzoly-L-arginine ethyl ester (BAEE) inhibit 
*H-DOC binding to MDCK cell cytosol. A more detailed 
examination of the relationship of the structure of the 
substrate and its effectiveness as an inhibitor of DOC 





Table 3 Effect of protease substrates on 7H-DOC binding 





Substrate °% Inhibition 
1 mM L-TAME 88 
I mM p-TAME 95 
10 mM L-TME 73 
10 mM p-TME 78 
1 mM p-TME 25 
1 mM L-ATEE 43 
5 mM L-BAEE 60 


ene a 

Inhibition of binding of 3 x 107° M *H-DOC to MDCK cystosol by 
protease substrates was measured as described in Table 1, except that 
4 mM dithiothreitol was included in the homogenising buffer. 
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binding was conducted for arginine and derivatives 
(Table 4). p-TAME produced 76% inhibition at 
1.5X 107° M, while 6X 107° M tosyl-L-arginine was required 
to produce 46% inhibition and 10°? M L-arginine produced 
only 17% inhibition. These findings emphasise the import- 
ance of the ester structure in effecting inhibition of DOC 
binding. 

We then determined if protease substrates and inhibitors 
reversibly inhibit “H-DOC binding to its receptor. MDCK 
cytosol was incubated with 3x10°°M ‘H-DOC and 
D-TME to eliminate specific “H-DOC binding. The inhibited 
cytosol was filtered through a Sephadex G-25 column to 
remove unbound p-TME, and the filtrate could then bind 
4H-DOC (Table 5). Similar results were found for inhibition 
of °“H-DOC binding to MDCK cell cytosol by p-TAME. 
We conclude that the inhibition of “H-DOC binding to 
MDCK cytosol by p-TME and p-TAME is reversible. In 
contrast, a similar experiment with the protease inhibitor 
TPCK showed that the inhibition of DOC binding by 
TPCK is not reversible (Table 5). This suggests that TPCK 
binds covalently to the DOC receptor, as would be 
expected since TPCK is a covalent inhibitor of chymo- 
trypsin. 





Table 4 Dependence of inhibition of *H-DOC binding on the 
concentration of protease substrates 


Concentration in 


Compound cytosol (M) % Inhibition 
L-TAME 1.5 x10 55 
D-TAME 6x 10-6 95 

1.5x 1078 76 

Tosyl-L-arginine 15x 1074 84 
6x 10-5 46 

L-Arginine 10x 10-? 17 
5x107? 3 


sananne 


MDCK cell cytosol (with 4 mM dithiothreitol in the homogenising 
buffer) was incubated with 3 x 1078 M *H-DOC for 1.5 h. Aliquots 
were then incubated for 2.5 h with 6x10- M DOC, or the above 
compounds. Bound steroid was separated from unbound steroid on 
Sephadex G-25 columns, Per cent inhibition refers to the inhibition of 
specifically bound counts, determined by subtracting the amount of 
3H-DOC bound in presence of 6 x 10-* M DOC from the amount of 
3H-DOC bound in the absence of 6 x 10-* M DOC. 


Although the details of the mechanism of inhibition of 
54-DOC binding are not known, several structural features 
might be anticipated from the well understood mechanism 
of inhibition of proteases by PMSF, TLCK and TPCK**?. 
PMSF inhibits a broad class of proteases by binding 
covalently to the active serine residue, while TLCK and 
TPCK inhibit by binding covalently to a histidine residue 
spatially adjacent to the serine. Since both protease sub- 
strates and inhibitors prevent DOC binding, it is possible 
that a structure similar to that of the serine proteases is 
present in the DOC receptor. The DOC receptor is unique, 
however, in binding both a trypsin substrate (TAME) and 
a chymotrypsin inhibitor (TPCK). This might be expected 
for a receptor that recognises a steriod nucleus rather 
than specific amino acid residues. 

An important question is whether protease inhibitors 
and substrate recognise only the DOC receptor or a 
structural feature common to several steroid binding 
proteins. Our evidence suggests that the inhibition of 
steroid binding by protease inhibitors and substrates is a 
more general phenomenon. For example, PMSF, TLCK, 
TPCK, TME, and TAME inhibit the binding of *H- 
oestradiol to purified rat a foetoprotein (M.B. and D.F., 
in preparation). In addition, PMSF, TLCK, and TPCK 
inhibit the binding of *H-dexamethasone and *H-oestradiol 
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to rat kidney cytosol (M.E.B., N. Anderson, D. Vaughn, 
and D.F., unpublished results). 

From our results, we cannot indicate whether the 
steroids and protease inhibitors and substrates bind to. the 
same active site in the steroid receptor or if there is a 
specific catalytic function associated with the ability of 
steroid receptors to bind protease inhibitors and substrates. 





Table 5 Reversibility of inhibition of DOC binding 
% Inhibition by 





Condition TME (15 mM) TPCK (1.5 uM) 
a, Inhibitors present with =H-DOC- 
receptor complex for 1 h* 92 100 


b, Inhibitors in (a) removed by 
filtration on G-25 Sephadex; 
followed by re-equilibration with : 
3H-DOC for 2 ht 9 95. 





*MDCK cell cytosol was incubated with 3x 10-* M °H-DOC for 
2h then aliquots were incubated for 1 h with 15 mM v-TME or. 
1.5x10-*M TPCK. Bound steroid was separated from unboun 


steroid on Sephadex G-25 columns. : 
+Aliquots of 1 ml cytosol which had been incubated with 3 x 107° M 


3H-DOC for 3h with or without 15mM p-TME or 1.5x10°*M..- 


TPCK for 1h in (a) were filtered on Sephadex G-25 columns to 
remove unbound *H-DOC, p-TME, or TPCK. Then the filtrate was 
incubated with 3x10-8M *H-DOC with or without 6x 10-*M 
DOC for 2 h. Bound steroid was separated from unbound steroid on 


Sephadex G-25 columns. % Inhibition refers to the inhibition of 


specifically bound counts, which were determined by subtracting the 
amount of *H-DOC bound in the presence of 6x 10~* M DOC from © 
the amount of *H-DOC bound in the absence of 6x 1078M DOC.” 


Nevertheless, two important applications of our results 
should be noted. First, the reversible inhibition of steroid 
binding by the p forms of TAME and TME suggest that 
it may be possible to purify steroid receptors. by using 
the protease substrates as the ligand in affinity chromato- 
graphy. To date, most attempts at purification of steroid 
receptors by affinity chromatography using steriod ligands 
have been unsuccessful, apparently because the high 
affinity of the steroid ligand for the receptor makes 
difficult the elution of the receptor in an active state or 
in high yield’. With p-TAME or pv-TME,. however, 
the lower affinity of the steroid. receptor for the protease 
substrate could improve the yield. of receptor. Second, a 
new class of compounds which could react with steroid 
receptors in vivo is suggested. PMSF, TPCK, and TLCK 
enter cells, covalently, interact with proteins, and are 
unstable at pH 7.4 (37 °C)". Therefore, inhibitors could 
react with steroid receptors regionally with little toxicity 
or effect in areas of the organism distant from the point 
of application. Such compounds, or more selective protease 
inhibitors, might prove useful in treating localised steroid 
dependent tumours. The ability of protease inhibitors and 
substrates to block steroid binding to receptors may thus 
provide information on both structure and function of 
the steroid receptors. 

We thank D. Vaughn for assistance and Dr N. Anderson 
for discussion of his model of formation of...steroid 
receptors from proreceptors in cell cytosol. This work - 
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Non-sequential expression 
of multiple immunoglobulin 
classes by isolated B-cell clones 


As humoral immunity to a given antigen is generally thought to 
display an early IgM response which is later dominated by IgG 
synthesis, it has long been thought that clones of antibody- 
producing cells switched from u to y (refs 1-5). The sequence of 
appearance of immunoglobulin classes produced by the progeny 
of isolated precursors (B cells) to antibody-forming cells may 
answer the questions (1) does a clone of cells switch from uto y to a, 
and (2) do all clones switch in the same order following antigen 
stimulation? Results presented here show that there is no order of 
expression of immunoglobulin class with time by B-cell clones 
stimulated by antigen in the presence of carrier help, because any 
class can appear first or simultaneously with any other class. 

Antibody polypeptides are encoded by separate variable(V) and 
constant (C) genes which are subsequently joined at the DNA level 
during lymphocyte differentiation to code for one polypeptide 
chain. Considerable chemical, genetic, and serological evidence 
has accumulated supporting the ‘two gene-one polypeptide’ 
theory proposed by Dreyer and Bennett in 1965°. Different V 
regions, as defined by subgroup-specific amino acid sequences, 
allotypic or idiotypic determinants, are found in association witha 
single C region for each of the x and 4 light (L) chain and heavy (H) 
chain loci’~?. Conversely, one Vy region can be shared by several 
different C,, regions'°-'>. In view of the finding by Hozumi and 
Tonegawa '* that Vand C genes coding for L chains are on separate 
restriction fragments in embryonic DNA but are on the same 
restriction fragment in myeloma DNA, it is apparent that gene 
translocation may have a central role in immunoglobulin synthesis 
and cell differentiation! ’. 

As there are multiple Cy genes that can be associated with a 
single V,, gene, the question arises as to whether the C,, genes are 
expressed in a sequential order following antigen stimulation. 
Several studies suggest that one cell or its clonal progeny can 
produce more than one immunoglobulin class. B cells have been 
shown to bear membrane receptor molecules of the IgM and IgD 
class with the same idiotype'*. Using the splenic focus assay, we 
have previously demonstrated that a single antigen-stimulated B 
cell can produce clonal progeny making antibodies with different 
H chain classes that seem to have the same variable region by 
idiotypic analysis. Thus, an isolated B-cell precursor specific for 
the phosphorylcholine (PC) determinant can be stimulated in vitro 
to generate daughter plasma cells which secrete antibody of three 
immunoglobulin classes, u, yl, and æ. Also, antibody molecules of 
each class have the same idiotype as that of the TEPC 15 (T15) 
myeloma. As shown here, an analysis of the sequence of ap- 
pearance of constant regions within such T15 clones suggests that 
classes of immunoglobulin are produced in a random fashion 
following antigen stimulation in the presence of carrier help. 

Ten million spleen cells from non-immune BALB/c mice were 
transferred intravenously into lethally irradiated BALB/c reci- 
pients that had been primed with 0.1 mg of Limulus polyphemus 
haemocyanin 2 months previously. Sixteen hours after transfer, 
spleen. fragment cultures were prepared from the recipients 
and stimulated in ritro with 5x107°'M  3-(azo- 
phenylphosphoryicholine)-N-acetyltyrosylglycylglycine haemo- 
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cyanin?®. The antigen was removed by day 4, and culture 
fluids were collected every 2 d until day 18. Anti-PC antibody was 
quantified by radioimmunoassay for heavy chain class and 
idiotype using T15 protein and monoclonal culture fluids as 
standards. The binding of antibody to antigen coupled to 
bromoacetylcellulose immunoadsorbant was detected with '75I- 
labelled goat anti-mouse y, yl, and a-chain antibody. Antibody 
with the TIS idiotype was detected in a radioimmunoassay using 
anti-T15 sera raised in A/He mice?'. The monoclonal nature of 
antibody from these cultures has been demonstrated in previous 
experiments, indicating that each clone is derived from a single B 
cell'?-22, 

The serial analysis of immunoglobulin class production by 
clones with the T15 idiotype indicates variation in time of 
appearance after stimulation, amount of antibody. and sequence 
related to other classes. The overall view of the onset of antibody 
production, shown in Fig. l, suggests that any one of the three 
classes of immunoglobulin may be synthesised initially, and that 
IgG! secretion persists longer than secretion of the other two 
classes. The apparently random expression of each immunoglo- 
bulin class is confirmed by data collected from individual clones 
which are presented in Table 1. B-cell clones, although making 
antibody with the same idiotype, display considerable variation in 
the rate of IgM, IgGl, and IgA production with time. Immunoglo- 
bulin class expression seems to be completely random in that any 
class of immunoglobulin can appear at any time, either singly or in 
combination with others. Variations in time of synthesis after 
stimulation and in amount of antibody in each immunoglobulin 
class produced by individual clones are observed. In an analysis of 
over 60 clones making antibody with the T15 idiotype, the early 
production of solely IgM and later solely [IgGl (or IgA) was not 
observed. Indeed, some clones made IgGl before or without 
detectable IgM synthesis. 


Antibody formed per day (ng) 





Day of collection 


Fig. 1 Heavy chain class secretion by PC-specific clones with the T15 

idiotype. The average amount of antibody produced by 43 clones in 

each immunoglobulin class is plotted as a function of time. Monofo- 

cal fragment cultures were stimulated with antigen on day | and the 

antigen was removed on day 4. Culture fluids were collected every two 

days after that and analysed for idiotype and Cy determinants by 
radioimmunoassay. 


The idea ofan IgM to IgG ‘switch’ arose from observations that 
IgM is detected before IgG antibody in immune sera'?. Several 
explanations may be offered for these results. First. the assays used 
for IgM detection are more sensitive than those used for IgG 
detection. Second, it may be necessary to generate carrier-specific 
help to allow maximum expression of classes of immunoglobulin 
other than IgM; that is, IgM may appear first during the immune 
response because it requires less carrier-specific help. Thus, in 
physiological conditions, T cells or factors may influence the 
expression of heavy chain classes. Finally, subsets of B cells may 
have different developmental potentials for expressing C,, regions. 
For example, the clonal progeny of immature B cells produce 
predominantly IgM. whereas clones derived from immune B cells 
produce predominantly IgG?*. Nonetheless, using a method 
which detects each heavy chain class equally well and provides 
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Table 1 Random production of immunoglobulin class by B-cell clones with time after antigen stimulation 





Individual clones Heavy chain class 


with T15 idiotype 


maximal carrier help for the stimulation of nonimmune B cells, the 


data presented here clearly indicate that the onset of expression of 


different immunoglobulin classes is completely random in that any 
class can appear singly or in combination with others. In this 
regard, no evidence was found fora sequential shift from p-y1 >a 
by stimulated clones. 

There are two general models for the association of Vy genes 
with their corresponding Cp genes'*. The simultaneous insertional 
model suggests that the Vy gene is copied multiple times and is 
associated with two or more C,, genes. The successive insertional 
model proposes that the V, gene is successively translocated to 
various C,, genes during differentiation. The data presented here 
suggest that if the first model is correct, random expression of a 
V-C gene combination occurs, whereas if the second model is 
correct, a Vy gene can be translocated next to any Cy gene 
following antigen-triggered differentiation. These two models can 
probably only be tested by direct studies at the nucleic acid level. 
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Immunoprotection by embryonal 
carcinoma cells for methyl- 
cholanthrene-induced murine sarcomas 


METHYLCHOLANTHRENE-induced sarcomas of mice (MCS) usu 
ally have transplantation antigens specific to each independently 
arising tumour’. These antigens, defined by in vivo protection ; 
assays, are different from those defined serologically as viral’ or 
embryonic antigens?*. The latter, common to most sarcomas, 
seem to contribute little in transplantation assays as cross 
protection is rare and weak!-*. The occasional success in protect- 
ing against sarcoma growth by previous immunisation with cells of 
mid-term embryos*® encourages the search for more effective 
ways of using common embryonic antigens for this purpose. We 
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show here that effective immunisation against several different 
non-cross-reacting sarcomas, including one not immunogenic 
itself, can be achieved with embryonal carcinoma cells. These cells 
are the stem cells of a teratocarcinoma and show remarkable 
similarities to the pluripotent cells of early mouse embryos with 
regard to cell surface antigens’ as well as in morphological and 
biochemical properties®. 

The sarcomas used were a set induced in female C57BL/10ScSn 
(B10) mice by subcutaneous injection of 0.5mg 3- 
methylcholanthrene into the hind legs. Approximately 100 d later 
primary tumours were excised, passaged subcutaneously twice and 
then stored in liquid nitrogen. Tumours (in vivo passages 2-8) were 
characterised for immunogenicity in a rejection assay (Fig. 1). To 
assay immunogenicity, mice were immunised in two ways: by 
allowing tumour growth for 10 d followed by tumour excision or 
by three weekly immunisations with 10’ irradiated MCS cells 
(legend Fig. 1). The mice were challenged a week later with 2 x 10° 
viable cells of the same or a different sarcoma and tumour diameter 
measured as a function of time. 
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Time (d) 
Fig. 1 Immunogenicity of methylcholanthrene-induced sarcomas 


MC6A and MC6B. Groups of 12 female B10 mice, 12-16 weeks old 
were immunised by three weekly subcutaneous injections of 107 
MC6A or MC6B cells (irradiated with 10,000 rad from a °°Co 
source) in 0.2 ml phosphate-buffered saline (PBS) into the right groin. 
Tumour cell suspensions were prepared from in vivo tumours 
chopped finely and stirred continuously at 37 °C in 2.5%, trypsin in 
Eagles Ca**- and Mg?*-free medium. One week following the last 
immunisation, groups of six mice were challenged with 2 x 105 viable 
MC6A (a) or MC6B (4) cells in 0.2 ml PBS into the right groin. 
Control groups of unimmunised mice were similarly challenged. 
Tumour diameter was measured in two perpendicular planes every 
3d using calipers for 16d after challenge. Error bars represent + 
sem. ©, unimmunised: A, MC6A immunised: [J], MC6B immu- 
nised. 


Figure 1 shows that MC6A and MC6B are strongly immuno- 
genic; immunisation evokes good protection against subsequent 
challenge with the same methylcholanthrene sarcoma. A measure 
of the strength of immunisation is the antigenic ratio (AR) (ref. 9) 
(Table 1). The relative immunogenicity measured by AR ranks the 
tumours in the descending order MC6A, MC6B, MC9, MC5 with 
MCS being non-immunogenic (Table 1). Data in Fig. | and Table 1 
also demonstrate that MC6A and MC6B do not cross protect and 
thus apparently possess individually specific antigens. 

Similar immunisations with cells of an embryonal carcinoma 
cell line Nulli-SCC. 1, which do not differentiate in vivo or invitro'®, 
elicit protection against the strongly immunogenic MC6A and 
MC6B, the less immunogenic MC9, and the non-immunogenic 
MC5 (Table 1, Fig. 2a, band c). The Nulli-SCC.1 cells are derived 
from the 129/J mouse strain which is not syngeneic with B10. To 
test whether alloantigens on Nulli were responsible for the 
protective effect against the sarcomas, 129/J spleen cells were used 
to immunise BIO mice; no protection was seen (Fig. 2d). In 
addition, immunisation with cells of CS7BL/6 thymoma EL4 (ref. 
11), a DBA/2 mastocytoma P815 (ref. 12), or a BIOA Abelson 
lymphoma induced in our laboratory, gave no protection against 
subsequent challenge with MC6A cells (Fig. 2d). The Nulli-SCC. | 
cells grow as homogeneous embryonal carcinoma in vitro and the 
cell line was derived from a spontaneous testicular terato- 
carcinoma (LS-402C-1684). These Nulli-SCC.1 cells resemble 
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Table ł} Relative immunogenicity of methylcholanthrene sarcomas and 
embryonal carcinoma with MCS challenge 





Immunising Challenge Antigenic 
tumour*® tumourt ratiot 
MC6A MC6A 10.0 
MC6B MC6A LI 
MC6A MC6B LO 
MC6B MC6B S3 
MC9 MC9 3.2 
MCS MC5 1.0 
NULLI-SCC.1 MC6A 2] 
NULLI-SCC.} MC6B 2.0 
NULLI-SCC.1 MC9 1.9 
NULLI-SCC.I MCS L7 





*10° viable tumour cells prepared as in Fig. | were injected in 0.2 ml 
phosphate buffered saline (PBS) into the left flank of groups of four mice 
and tumours excised surgically 10-14 d later. Nulli-SCC.1 cells were 
grown as monolayers in tissue culture and cell suspensions prepared as 
previously described”. 

+2 x 105 viable cells were injected subcutaneously (s.c.) in 0.2 ml PBS 
into the right groin 10 d after the excision. Tumour diameter was measured 
in two perpendicular planes every 3 d by calipers and the mean calculated. 
Acentrol group of unimmunised animals was challenged concurrently. 

tAntigenic ratio is calculated as 

mean tumour diameter in unimmunised mice 
mean tumour diameter in immunised mice 
at 16d after challenge. An antigenic ratio of greater than 1.0 indicates 
protection. Mean tumour diameter is computed from all mice in a group: 
no challenge dose failed to grow in these experiments. 


early embryo cells in morphological, biochemical and antigenic 
properties! ?, but differ because they can no longer differentiate. 
Immunisation with irradiated homogeneous embryonal car- 
cinoma cells from a pluripotent teratocarcinoma cell line!® also 
shows protection against challenge with MC6A tumour cells. This 
line was isolated from a 3-d embryo induced teratocarcinoma 
(OTT-5568) and retains the ability to differentiate in vivo and, in 
appropriate conditions, in vitro. 

In addition to embryonal carcinoma, some protection against 
methylcholanthrene tumour challenge is also provided by immu- 
nisation with teratocarcinoma derived endodermal cells of the 
lines PSASE (ref. 13) and PYS-2 (ref. 14) (Fig. 2e), though the 
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Fig. 2 Protection by various cells against MCS challenge. Groups 
of 3 B10 female mice were immunised by three weekly s.c. injections of 
10° cells. A week following the last immunisation, the mice were 
challenged with 2 x 10° viable tumour cells as in Fig. |. a, P, ande, 
Mice immunised with irradiated Nulli-SCC.1 (A): unimmunised 
(©). Challenge with MC6A. MC6B. MCS respectively. d. Mice 
immunised with irradiated EL4 (A): BIO.A.A2.P5 Abelson lym- 
phoma (@): P815 mastocytoma (A): and 129 spleen cells (O) 
unimmunised (©). Challenge with MC6A. e, Mice immunised with 
PYS (@). PSASE endodermal cells (A unimmunised (QO). Chal- 
lenge with MC6A. 
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degree of protection by PYS is weak. These lines were derived from 
the outgrowths of embryoid bodies in vitro. 

How do embryonal carcinoma cells induce protection to 
tumours that do not protect against each other (MC6A and 
MC6B) and to a tumour that cannot protect against itself (MC5)? 
Nonspecific activation of the immune system by the embryonic cell 
lines, though not by the other tumour lines tested. might explain 
the observed cross protection!*. A more interesting possibility is 
that there are antigens shared by all these cells and that pre- 
sentation of these antigens on the embryonal carcinoma cells is 
particularly effective in inducing specific immune protection while 
presentation of these common antigens on the MCS is not 
effectively immunogenic. Indeed serological studies with terato- 
carcinoma have demonstrated antigen specificities present on 
these cells and which are shared by a wide range of tumour cell 
lines'®'?, Antisera prepared. by us in syngeneic mice against 
MCS cross react with embryonal carcinoma cells. In addition, 
lymphocytes sensitised in vitro to syngeneic teratocarcinoma cells 
have been shown to inhibit growth of a wide range of tumour cells 
in vitro and in vivo, but do not affect untransformed cells!®. 

Why the MCS-embryonal carcinoma shared antigens might be 
immunogenic only on the latter cells is intriguing. It is perhaps 
relevant that both the embryonal carcinoma and the endodermal 
cells do not express the major histocompatibility antigens (H2) 
(refs 13, 19). Since there is increasing evidence that H2 plays an 
important part in directing the immune response”, it is possible 
that in the absence of H2 expression, other antigens, not seen in the 
presence of H2, become immunodominant. 
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Chemical mutagenesis of 
mammalian cells can be quantified 


Stupy of mammalian genetics has been traditionally limited 
to conventional breeding experiments, which are limited 
by high cost, long duration and the availability of well- 
characterised genetic markers. These factors have especially 
impeded rapid progress in mammalian mutagenesis studies. 


Many of the mechanisms underlying the process of muta-. 


tion induction in mammals can be investigated through the 
use of mammalian cells in culture", but the use of cul- 
tured cells for quantitative analyses of mutagenesis has 
been hampered by the lack of a suitable mutation—induction 
system, particularly with chemical mutagens. We show here 
that quantitative dosimetry of chemical mutagenesis can be 
studied in a mammalian cell culture system. This will allow 
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Fig. 1 Expression time. of HGPRT- (TG-resistant) mutant 
phenotype. CHO cells (clone K,—-BH,). were plated at 5x 108° 
cells per 100-mm plate in Ham’s F12 medium containing 5% 
dialysed foetal calf.serum and were incubated at 37°C in S% 
CO, in air in al00% humidified incubator. After 24 h (cell . 
no. 1-1.5 x 10° cells per plate), EMS was added (zero time), and 
the cultures were incubated for 16 h. The cultures were washed 
three times with saline, the cells were removed by trypsinisation, 
and approximately 10° cells were subcultured. For selection of the 
mutant phenotype, cells were plated at 2x 10° cells per 100-mm 
plate (5 plates = 10° cells) in hypoxanthine-free F12 medium 
containing 5% dialysed foetal calf serum and 10 pM TG. For 
cloning efficiency, 200-1 ,000 cells were plated in triplicate in the 
same medium without TG. After 7d of growth colonies were 
fixed, stained, and counted. Cultures were also subcultured and 
plated for mutant selection every 2 d thereafter. Mutation 
frequency was calculated as the number of mutant colonies per 
10° cells (corrected by cloning efficiency at time of selection). 
Cells treated with 0 (A), 50 (a), 100 (1); 200 (E), or 400 (O) 
ug mi of EMS. Spontaneous rauen in. the range 
-3.6 x 1078, 


not only studies of the mechanisms of chemical muta- 
genesis, but also an estimate of the genetic hazard of 
chemical agents in the environment. 

The mutation. assay system we have developed uses: cul- 
tured Chinese hamster ovary (CHO) cells and the purine 
analogue 6-thioguanine (TG) to..quantitate mutation in- 
duction at the hypoxanthine-quanine phosphoribosy! 
transferase (HGPRT) locus". This CHO/HGPRT system is 
based on the facts that TG is converted to the nucleotide 
by the HGPRT activtiy of wild-type cells and that the 
nucleotide or its metabolites are lethal. Mutant cells lacking 
this enzyme activity are able to survive and grow in the 
presence of TG. We have defined optimal conditions for 
the selection of the mutant phenotype, including pheno-.: 
typic expression time, concentration of TG and medium 
composition for the selection step, and optimal cell density 
in the selection to permit maximum mutant recovery. With 
our system the TG-resistant mutation seems to affect the 
HGPRT locus almost exclusively, since more than 98% of 
the resistant clones show greatly reduced incorporation of 
radiolabelled hypoxanthine into macromolecules, are sensi- 
tive to the anti-metabolite aininopterin, and contain highly 


reduced or undetectable HGPRT activity (ref. 6 and _ 
O'Neill, J. P., Brimer, P. A., Machanoff, R., Hirsch, G. P, 


and Hsie, A. W., submitted for publication). Using the 


CHO/HGPRT system, we have studied mutagenesis with — - 
a common chemical mutagen, ethyl  methanesulphonate 


(EMS), in a quantitative fashion. 

An important aspect to consider in any mutation induc- 
tion is phenotypic delay, the time required for mutants to 
express the altered phenotype. For TG resistance, a delay 
would be expected due to the time necessary for the 
dilution and decay of pre-existing HGPRT enzyme and its 
mRNA before the mutant phenotype could be expressed. 
This important parameter was investigated with cultures 
incubated with various concentrations of EMS for 16h; 








ED 





Mutation frequency (x 1076) 








0 200 400 
EMS (ug ml~! ) 


Fig. 2 Dose response of EMS-induced mutagenesis. Data from 
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intervals of 2-24 h. A linear increase in mutation frequency 
with incubation times of up to 12-14 h was found with EMS 


concentrations of 50-400 ug ml (Fig. 35). But cell sur- š 


viyal decreased exponentially with time over the entire 24-h 
period (Fig. 3a). This difference in the time courses of 
cellular lethality and mutagenicity might be due to the 
formation of toxic, non-mutagenic breakdown products in 
the medium with longer incubation times or might reflect 
a difference in the mode of action of EMS in these two 
biological effects. The increases in both cell lethality and 
induced mutation with incubation times of up to 12h allow 
a study of the dosimetry of this chemical mutagen. For 
better defined dosimetry studies, cultures were incubated 
with various concentrations of EMS (0.05 -3.2 mg mI’) for 
2-12 h. As shown in Fig. 4 the decrease in cell survival was 
exponential with dose (mg mI` h), and the increase. in 
mutation frequency was linear with dose. From these studies 
the mutagenic potential of EMS can be described as 
310x 107° mutants (cell mg mT? hy. 


two separate experiments are presented: the average of the 

mutation frequencies at days 7, 9, H1, and 13 from Fig. 1 (A) 

(average spontaneous frequency 3.1 x 10°); and the frequencies 
for 24-h incubation time from Fig. 3 (©). 


thereafter, the cells were subcultured and plated for selec- 
tion every 2d. Mutant colonies were found after 5d of 
expression, and the mutation frequency reached a maxi- 
mum value at day 7 with all EMS doses (Fig. 1). The 
expression time was independent of the mutagen dose, and 
there was no loss of mutants with longer periods of expres- 
sion, as the mutation frequency remained at a constant 
value in cells subcultured for an additional 6d. There was 
a linear dose-response relationship between mutation 
frequency and EMS concentration (Fig. 2). Since the 
mutation frequency reached a stable maximum value at 
7~9 d of expression, cells were routinely plated for selection 
on day 9 in all subsequent experiments. 

The dose-response data of Fig. 2 were obtained with long 
incubation times with EMS (16-24 h). It would be difficult 
to compare such chemical mutagenesis with that induced 
by physical agents like X rays because of complicating 
factors such as the stability of EMS in the medium, rate 


of cellular uptake, and intracellular stability. To investigate 
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Fig. 4 Dosimetry for EMS cellular lethality (a) and induced 
mutation frequency (b). Cells were treatéd with various concen- 
trations (mg ml~!) of EMS for 2 (4), 4 (4), 8 (©), or 12 h (ip. 
After treatment the cultures were washed, and single-cell survival 
was determined after a total time of 24 h. Cells were plated for 


these aspects, cultures were incubated with EMS for 
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Fig. 3 Initial cell survival (2) and EMS-induced mutation fre- 
quency (4) as a function of incubation time. Cells were plated at 
5x 10° cells per plate as described in Fig. 2. After 24 h, EMS 
was added, cultures were incubated for the indicated time interval 
and then washed, and fresh medium was added. After a total 
interval of 24 h the cultures. were trypsinised, and single-cell 
survival was determined (absolute cloning efficiency of untreated 
control cultures was 84%). Cultures were subcultured every 2 d 
and plated fer mutant selection on day 9 of expression as 
described in Fig. 1. EMS at concentrations of 50 (A), 100 (a), 
200 (7), and 400 pg ml (=. Dae alles mutation frequency 
4.2% 107%, 


selection on day 9 of expression as in Fig. 2. Spontaneous muta- 
tion frequency = 2.3 10~*, In (a) the linear fit of the survival 
curve was found over 1.6-6.4 mg (of EMS) mi~ h through fitting 
to the ‘multitarget model’ 

R, = 1-(_—e®*7)8 


where B and N are fitted coefficients. The extrapolation number 
(N) is 1.74 with 95% confidence limits of 1.18, 2.58; the slope 
(B) is —0.248 with 95% confidence limits of --0.308, —-0.188. Iff 
(b) the straight-line fit for the pooled data on mutation induction 
over the dose range 0.64-6.4 mg (of EMS) mi~ h is f(x) = 107° 
(5.58 + 310.77x). The 95% confidence limits for the slope are 
283,68, 337.87. All confidence limits are estimated based on the 
residual sum of squares. Statistical analyses were performed as 
in ref. 6. 


These results demonstrate (1) that the mutagenicity of 
EMS in mammalian cells follows a linear dosimetry rela- 
tionship, and (2) that a quantitative study of chemical 
mutagenesis in mammalian cells is possible if an adequately 
defined selection protocol is developed. 
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Increasing ovulation rate in sheep 

by active immunisation 

against an ovarian steroid androstenedione 


ALTHOUGH lowrates of ovulation constitute a major limitation to 
increased productivity of sheep and cattle little is known about 
the mechanisms ‘that control ovulation either within or 
among species. Androstenedione, a weak androgen secreted by 
ovaries? and adrenals, is quantitatively the major- steroid sec- 
reted by the ovary before ovulation in several species? and as such 
it might have a role in determining ovulation rate; it is also an 
important precursor for the biosynthesis of oestrogens by the 
ovary?. Although androstenedione can act as a prehormone by 
virtue of its peripheral metabolism to oestrogens*, a direct 
hormonal action has only been demonstrated in the female 
rhesus monkeys‘. where it seems to be important for sexual 
behaviour. We report here that by actively immunising sheep 
against androstenedione a slight but significant increase in ovul- 
ation rate can be induced. 
` Two series of experiments were carried out on 10 Welsh 
mountain ewes. Half of the sheep were immunised against 
androstenedione conjugated in the I} position to bovine serum 
albumin (BSA) and the other half were immunised against BSA 
alone and served as controls. All of the ewes immunised against 
androstenedione-11-BSA produced antibodies with a high degree 
of specificity for androstenedione®, and the titre of antibody was 
maintained at elevated levels by periodic booster immunisations®. 
During the normal sheep mating season (October~March) the 
ewes were kept with a harnessed vasectomised ram and observed 
daily for signs of oestrus’. In March 1975, and again in November 
1975. the ewes were subjected to a laparotomy and the number of 
corpora lutea and visible Graafian follicles of greater than 4 mm 
diameter were recorded. The pooled results are presented in Table 
Land show that there was a significant increase in the ovulation 
rate (Fisher’s exact test, P < 0.01, February 1975; P < 0.07, 
November 1975) but the length of the oestrous cycle and the 
duration of oestrus were unaffected (7 test). The increase in 
ovulation rate was accompanied by an increase in follicular 
growth, the control ewes having 1.6+0.2 Graafian follicles per 
animal in contrast‘to 4.2 +0.7. per ewe in the immunised group 
(P < 0.05, Wilcoxon rank sum test). 
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Table, 1 Length of oestrous cycle, duration of oestrus and ovulation 
rate in sheep immunised against androstenedione-11-BSA 








Oestrous cycle Duration of Ovulation 
Groupe: (d) oestrus (h) rate 
ae (mean-ts.e.m.) . (mean-ts.e.m.) (mean +s.e.m.) 
Control 6,740.2 40.4+1.3 Lii+0.11 
(esx 56) (n = 10) {n = 9) 
Immunised 17,.5+0.8 45.1419 221340.12 
(n = 70) m= 7) (1 = 8) 
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These experiments clearly show that ovulation rate can be 
increased by immunisation against androstenedione-1 1-BSA. 
This technique has the additional advantage that excessive 
superovulation such as is often produced by the use of exogenous 
gonadotrophins is avoided: all of the immunised ewes had either 
two or three ovulations. while all the control ewes had one or two 
ovulations. In subsequent experiments on larger groups of sheep 
only | out of 15 immunised ewes had an ovulation rate of greater 
than 3. f 

Measurement of the peripheral levels of luteinising hormone 


Bis 


(LH) (ref. 8) and progesterone? in samples collected daily through- 
out one complete oestrous cycle are shown in Fig. |. The ewes 
immunised against androstenedione-11-BSA had elevated peri- 
pheral concentrations of both hormones throughout most of the 
oestrous cycle. An additional series of blood samples was collected 
from both groups of ewes, the collections beginning at 0800 LT on 
day 16 of the oestrous cycle and continuing at 4-h intervals until 
36 h after the onset of oestrus. The plasma samples were assayed 
for the LH content. and the results show that the preovulatory LH 
discharge reached its maximum concentration 24+4.0h 
(mean +5.e.m. n = 3) after the onset of oestrus in the immunised 


ewes as compared with 8+1.3 h (7 = 5) in the control. group 


(P < 0.001; unpaired ż test). 

These experiments suggest that androstenedione has a role 
(possibly direct) in the control of ovulation rate and, furthermore, 
that androstenedione might provide a manifestation of «the 
genetic expression of ovulation rate. The mechanisms involved in 
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Fig 1 The mean¢s.e.m. peripheral concentrations of progesterone: 
(ower) and LH (upper) throughout the oestrous cycle ofsewes. = 
immunised against androstenedione-11-BSA (@7 = S)andcontrol. . 
ewes immunised against BSA (© n =.5). The oestrous cycle isdated | 
8 d forward and 8 d back from successive oestrous periods. Note the 
split vertical scale for LH. i P 


producing the increased ovulation rate and peripheral con- 
centrations of progesterone and LH are speculative. Neutrali- 
sation of the biological activity of androstenedione by antibody > 
binding could interfere with oestrogen synthesis in the ovary, or. 
with the conversion of androstenedione to oestrogen in peripheral 
tissues and hypothalamus. Alternatively, androstenedione itself © 
may have a direct inhibitory action on. the, 
hypothalamo-hypophyseal system. It is even possible that the 
androstenedione antibody cross reacts to a minor degree with 
oestrogens, although this cross reaction was shown to be less than 
0.1% in an in vitro test*. Whatever the explanation, our results : 
show that the ovarian steroid hormone(s) involved in the feed- 
back control of LH have a reduced effectiveness after immuni- 


sation against androstenedione-11-BSA, and that this exposesthe 


animal to higher tonic secretions of gonadotrophin hich in turn _ 
leads to increased follicular development, multiple ovulationsand. |- 
enhanced progesterone secretion. A similar mechanism is thought. ; 





OLD 


to operate when synthetic anti-oestrogens such as clomiphene are 
used to induce ovulation in anovulatory women?. The ability to 
produce a modest increase in the ovulation rate in sheep following 
a simple immunisation procedure could be of practical signifi- 
cance, provided that the increased ovulation rate leads to an 
increased number of live births per sheep mated. 

We thank Dr G. Woods (Organon Laboratories, Newhouse, 
Scotland) and Dr F. Rutherford MRC Radioimmunoassay Team, 
Edinburgh) for preparing the androstenedione-11-BSA.and Mr J. 
B. Donnelly, CSIRO Division Mathematics and Statistics. for 
statistical advice. P. Van Look was supported by the National 
Fonds voor Wetenschappelijk Onderzoek. Brussels, Belgium. 
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Is a MSH a trophic hormone 
to adrenal function in the foetus? 


FunctionaL development of the pituitary-adrenal axis in 
the foetus seems to be of considerable importance in in- 
fluencing the maturation of other foetal organ systems, and 
the timing of parturition’. In several species including 
man™*, sheep’ and rabbits’, there is evidence for an increase 
in foetal adrenal function in late pregnancy, which seems to 
depend on the activities of the foetal pituitary and hypo- 
thalamus’. The factors responsible for stimulating foetal 
adrenal development during late gestation remain poorly 
understood, however. From detailed studies in foetal sheep, 
it is apparent that the prepartum acceleration of adrenal 
growth and glucocorticoid secretion is not preceded by 
elevated ACTH concentrations in the foetal plasmat”. But, 
prostaglandin E; (PGE:) administered intra-arterially into 
the foetus stimulated an increase in the concentration of 
cortisol in foetal plasma‘ at a stage of pregnancy when the 
adrenal gland was essentially unresponsive to endogenous 
or exogenous ACTH (refs 2, 9). Experiments in newborn 
lambs suggest that the pituitary or brain rather than the 
foetal adrenal gland was the likely site of the PGE, action”, 
raising the possibility that other pituitary peptides might 
mediate this effect. The ACTH related peptides, a-melano- 
cyte stimulating hormone (@MSH) and corticotropin-like 
intermediate lobe peptide (CLIP) have been identified in 
human foetal pituitaries, and it has been suggested that the 
ratio of these peptides to ACTH might be critical to matura- 
tion of foetal adrenal function". We have examined the 
ability of one of these peptides, aMSH, to influence adrenal 
function in the rabbit foetus. We present here evidence that 
the foetal adrenal secretes cortisol in response to aMSH at 
stages in pregnancy when it is unresponsive to ACTH, but 
as the sensitivity to ACTH increases, the relative response 
to aMSH is diminished. 
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Pregnant New Zealand white rabbits were purchased 
from Canadian Hybrid Farms, Quebec on day 17 of gesta- 
tion and were housed individually. The animals had been 
mated once with a fertile buck, and the day of mating was 
designated as day 0. Experiments were performed on 
foetuses on day 22 post coitum and day 28 post.coitum and 
on newborn rabbits, 4-6 d-old after spontaneous delivery 
at full term. 

Foetal experiments were performed under local (1% 
Xylocaine) anaesthesia. A laparotomy incision was made, 
the uterus exposed, and ACTH (10 ug Synacthen, 
ACTHi-4, CIBA), «MSH (10g, Bachem) or saline was 
injected intramuscularly (i.m.) into the foetus through the 
uterine wall. All injections were made in 100 ul saline. After 
injection, the uterus was replaced, and the abdomen closed 
with surgical clips. After 60 min the foetuses were delivered, 
decapitated, and the blood collected into chilled heparinised 
tubes and immediately frozen. Newborn rabbits, handled 
gently with gloves, were injected i.m. with ACT H, aMSH 
or saline as above, and returned to their mothers. After 
60 min the newborns were removed and blood (0.5-1.0 ml) 
collected rapidly by cardiac puncture. All samples were 
frozen at —20°C until analysis for cortisol using a pre- 
viously described antibody’ and radioimmunoassay pro- 
cedure™”, 

An initial study in newborn rabbits examined the time 
course of the blood cortisol response to ACTH injection. 
The concentration of cortisol increased from 2.97 ng mI”? 
at the time of injection to a maximum concentration (10.9 
ng ml‘) within 60min (Table 1). This time interval was 
therefore adopted in subsequent studies, 


necesita entree inneneeenenreneeteemsnnsee 
Table 1 Blood cortisol concentrations in foetal and newborn rabbits 
In response to exogenous aMSH or ACTH 


Cortisol (ng ml ~!) 





Age Control fo Saline fso Synacthen tg, aMSH tao 
22 d p.c. 14.65-41.02 18.354285  21.3943.24 42.45 2 3.17** 
28 d p.c. 6,60 +0.82 6.13 +£1.57 7,940.83 10.54 -+-0,80* 
4-6d p.p. 2.97 = 1.05 2.7440.76 10.91 +-1.45*** 6.93 + 1.36" 
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The values are the mean -+ s.e. of 10-18 foetuses or newborn 
from 2-13 mothers in each group. Control observations (ta) were 
made before injections. Measurements were then made 60 mins 
(fso) after saline, Synacthen, or aMSH. p.c., Post coitum; p-p., post 
partum. Significant differences from ‘saline 14,’ are indicated as 
follows: ***P < 0.001, **P < 0.005, *P < 0.05. Other mean values 
within any age group are not statistically significantly different from 
the corresponding saline fg, group. 


There was no significant effect (P>0.05) of saline in- 
jection on the blood cortisol concentration in any of the 
three groups of animals (Table 1). In foetuses 22 and 28d 
post-coitum, Synacthen produced no significant change in 
the blood cortisol concentration, whereas a significant 
increase in cortisol (P<0.001) was found 60min after 
Synacthen injection in the newborn. In marked contrast, 
aMSH caused a significant increase in the concentration of 
cortisol in the blood of foetuses at 22 and 28d post-coitum 
(Table 1). «MSH also increased the concentration of cortisol 
in the blood of newborn rabbits but the response relative 
to that achieved with Synacthen was less marked than earlier 
in gestation. 

Although cortisol and corticosterone are present in 
similar concentrations in the blood of foetal rabbits’, 
cortisol binds more strongly than corticosterone to liver, 
kidney and lung receptor sites’, and in adults its secretion 
is stimulated preferentially by ACTH (ref. 14). We there- 
fore measured cortisol as an index of foetal adrenal gluco- 
corticoid production. The control (f) levels we have 
measured are similar to those reported by Mulay er al.*, who 
also observed a decrease in the plasma cortisol concentra- 
tion between day 22 and 28. In view of the significant 
increase in body weight and blood volume of the rabbit 
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foetus between day 22 and 28, comparison of blood cortisol 
levels between these times are difficult to interpret, and a 
twofold concentration decrease may not necessarily reflect 
a decrease in total production rate. Total and unbound 
cortisol in plasma increase significantly by day 30 (ref. 5), 
providing evidence for a pre-partum increase in adrenal 
steroid secretion. 

At days 22 and 28 post coitum there was no increase in 
cortisol in response to ACTH injection into the foetus. 
Albano et al., failed to stimulate adrenal cyclic AMP with 
ACTH at day 22, implying that the appropriate tropic 
hormone receptors are poorly developed at that time. A 
similar insensitivity of the foetal adrenal to ACTH has been 
reported in the sheep’ and rhesus monkey“. It is of interest 
that while ACTH did not produce short-term changes in 
the concentration of cortisol in foetal blood, it will maintain 
adrenal weights in hypophysectomised rabbit foetuses”, 
showing that any deficiency of ACTH receptor is not 
absolute. In contrast to the effects in. the foetus, we have 
shown that in the newborn rabbit, as in the newborn 
primate, ACTH will stimulate an increase in the blood 
concentration of cortisol. 

In striking contrast. to the ineffectiveness of ACTH, 
aMSH provoked a significant increase in the concentration 
of cortisol in the blood of rabbit foetuses at day 22. The 
response to @MSH, both absolute and proportional was less 
marked at day°28, although this could relate to the dose 
injected. In the newborn the response to aMSH relative to 
that with Synacthen was reduced further. Previous work has 
shown that adrenal cells from adult rabbits in vitro do not 
respond to hyperphysiological amounts of aMSH, although 
they do secrete cortisol in response to ACTH”. The possible 
role of hormones other than ACTH as trophic agents to the 
adrenal gland in the foetus has been suggested from studies 
in sheep’ and in man, where the ACTH-related pep- 
tides, aMSH and CLIP have been isolated from foetal 
pituitaries. Although the concentrations of these peptides 
relative to ACTH decreased during late gestation and after 
birth, it is apparent that they are the dominant peptides 
of foetal life” ™. 

While one cannot conclude from our study that aMSH 
is ‘the’ trophic hormone to foetal adrenal function in the 
rabbit, it is apparent that the foetal adrenal responds to it 
by day 22 of pregnancy, at a time it does not respond to 
ACTH. The observation that the foetus may respond to a 
trophic hormone which is ineffective in the adult is an 
interesting one, and suggests that it may be inappropriate 
to extrapolate from adult control mechanisms to those in 
the foetus. In that sense, it may be necessary to revise some 
of our concepts of underlying control mechanisms in foetal 
endocrinology. 
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Local anaesthetic benzyl 
alcohol increases membrane thickness 


WE present here evidence that the local anaesthetic, benzyl 
alcohol, causes a large expansion in the thickness (an in- 
crease of about 25% at 7.5 mM concentration) of the hydro- 
carbon region of bimolecular lipid membranes. Such a 
change in the bilayer fabric of nerve membranes would 
provide a new insight into the molecular basis of anaes- 
thesia. While the primary process involved in the mode of 
action of the anaesthetic is apparently different from the 
possible effect on the boundary lipids around the sodium 
channel, recently suggested by Lee’, the main features 
remain the same; the sodium channel becomes inoperative 
(closes?) due to a stress resulting from changes. in the 
membrane’s bilayer structure in the presence of the 
anaesthetic. 2s 

The effect of the benzyl alcohol on the thickness. of the 
artificial lecithin bilayer membranes was studied using four- 
terminal measurements of the very low frequency 
(0.1-100 Hz) capacitance and conductance of artificial 
lecithin bilayers with the aid of a digital impedance measur- 
ing technique elsewhere?™. re os Se 

The effect of benzyl alcohol on the hydrocarbon region 
capacitance is shown in Fig. la. At concentrations of over 
7.5mM, benzyl alcohol decreased the hydrocarbon region 
capacitance by more than 25%. The conductance of this 
region also increased in the presence of the anaesthetic 
(Fig. 15). Ayes ny 

In the absence of the anaesthetic, with a dielectric con- 
stant e¢==2.1 for the hydrocarbon région’, the bilayer has a: 
hydrocarbon region thickness 5un=3.7 nm. This is con- 
siderably less than twice the fully extended length of the 
hydrocarbon tails of the predominant lecithins in egg phos- 
phatidylcholine. In the presence of the anaesthetic at | 
7.5mM concentration the capacitance data yields a thick- 
ness?‘ of 4.9nm for the hydrocarbon region. This is a little 
larger than twice the fully extended length of the hydro- 
carbon tails. In the absence of the anaesthetic the hydro- 
carbon tails therefore seem to be much folded, coiled, 
kinked (double-gauche forms may predominate) or even 
somewhat interdigitated. 

The anaesthetic apparently has the effect of straightening 
out the hydrocarbon tails. This process is accompanied by 
an increase in the conductance of the membranes and, 
from independent nuclear magnetic resonance studies", an 
increase in fluidity. 

Although the presence of cholesterol in the membrane 
was found itself to decrease the hydrocarbon region thick- 
ness, we found that the effect of benzyl alcohol on lecithin- 
cholesterol membranes was similar to that reported here for 
pure lecithin bilayers when the electrolyte was 1 mM KCL 
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Fig. 1 a, The effect of benzyl alcohol on the capacitance of the 
hydrocarbon layer of bimolecular lipid (lecithin) membranes. 
The membranes were formed in a 1 mM KCI solution to which 
the anaesthetic was added. b, The conductance of the hydro- 
carbon region for various concentrations of the anaesthetic. The 
general increase in the conductance of this region was associated 
with an increase also in the apparent, mechanical, fluidity of the 
membranes. The points shown are mean values from several sets 
of measurements on different membranes (average of 12 measure- 
ments per point). The vertical bars indicate the total experimental 
scatter. 


The lecithin bilayer membranes were generated from 
films of lecithin in n-tetradecane and at high concentrations 
of benzyl alcohol it seems from the low values of the 
hydrocarbon region capacitance that significant quantities 
of the n-tetradecane may then have been retained in the 
membrane. 

The change in the thickness on addition of the benzyl 
alcohol at 7.5 mM concentration amounts to ~ 1.2 nm. This 
is probably > 15%, of the total length of the excitation 
conduction modules for sodium ions, which span the mem- 
brane. Such a strain could readily lead to a closure of the 
channel. This is shown schematically in Fig. 2. For illustra- 
tion purposes the conduction channel is depicted with an 
outer ring of hydrophobic material which is somewhat 
thicker than the normal width of the hydrocarbon region 
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Fig. 2 Schematic representation of the proposed effect of benzyl 
alcohol on the structure of the bilayer membrane near a hypo- 
thetical sodium conduction channel embedded in it. For illu- 
strative purposes, the latter is taken to have a hydrophobic 
portion (shown shaded) which is somewhat larger than the 
thickness of the hydrocarbon region of the unperturbed bilayer. 
The distortion of the bilayer to accommodate such a module 
together with the requirement of close packing of the fluid-like 
hydrocarbon portion necessitates the straightening of the fatty 
acid chains and a closer packing of the polar heads near the 
conduction module and leads to a radially outward tension on 
the module. When the hydrocarbon layer thickens in the 
presence of the anaesthetic, the bilayer is dimpled inwards around 
the module; this sets up a radial compressive stress on the 
module’. It is suggested that such changes in surface stress are 
associated with the loss of excitation by the membrane. 
Alternatively, the accompanying changes in the longitudinal 
stress in the conduction channel could also lead to inactivation 
of the gating mechanism. 
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of the bilayer. Israelachvili et al.°’ and Israelachvili (per- 
sonal communication) have shown from packing geometry 
and free energy considerations that this will of necessity 
lead to a distortion outwards of the bilayer system around 
the conduction module as indicated in Fig. 2a. As pointed 
out by Israelachvili, the extension of the hydrocarbon chains 
of the lipids adjacent to the protein module restricts their 
motion and hence reduces their configurational entropy 
which leads to surface stress as indicated by the arrows in 
the diagram. 

We now propose that this stress would tend to strain the 
conduction module radially outwards, which would assist 
in keeping the sodium channel through this module open. 
When benzyl alcohol is present we have found that the 
bilayer hydrocarbon region thickness is increased by at 
least 25% (somewhat more if the benzyl alcohol increased 
the dielectric constant of this region). In nerve cells this 
would have the effect shown in Fig. 2b. The hydrocarbon 
region of the bilayer is now wider than the hydrophobic 
region of the conduction module, and the bilayer has 
become distorted inwards around the sodium channel, The 
surface forces now lead to a radial compression of the 
channel (see Fig. 2b) thus blocking conduction by the 
channel. 

On the other hand, if the conduction module itself 
stretches to accommodate the changes in the hydrocarbon 
region of the bilayer, the resulting longitudinal strain could 
by itself lead to a radial closure, or otherwise interfere with 
the gating mechanism by way of a deleterious change in the 
conformation of the protein of the module. Alternatively 
cardinal sites on it would become buried (if only in the 
polar head region of the bilayer) as the hydrocarbon region 
expands. Both these possible effects could readily interfere 
with the function of many of the proposed excitation 
mechanisms (for example refs 8, 9). 

We thank Dr J. N. Israelachvili of the Australian 
National University for a stimulating discussion of the 
packing of proteins in lipid bilayers and for a preprint of 
his publication on this subject. After submission of this 
paper we learnt of a manuscript submitted by D. A. 
Haydon et al. in which, on the basis of the effects of 
alkanes, they postulated a mechanism similar to that we 
propose here for the molecular basis of anaesthesia. 
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Quantum amplitude distributions point to 
functional unity of the synaptic ‘active zone’ 





THE exact nature of the quantum is still not known, Several 
observations'~* support the idea that transmitter is released 
from synaptic vesicles. Analyses based on the quantum 
hypothesis using Poisson’* or binomial statistics’’ cannot 
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provide direct evidence for or against this idea, since quanta 
might equally well be produced by the opening and closing 
of membrane shutters allowing release of cytoplasmic 
transmitter. All these considerations rest on the assump- 
tion that a single quantum is due to the discharge of a single 
vesicle or a single shutter action. Recent reports have 
pointed to a remarkable heterogenity of the quantum in the 
mouse and frog neuromuscular junction and in some 
cases subunits are apparent. In this investigation, evidence 
is provided from the frog neuromuscular junction that the 
‘quantum’ has subunits. 

Spontaneous depolarisations of the postsynaptic cell were 
first observed in the neuromuscular junction of the frog”. 
Since the amplitude histograms of these depolarisations were 
well described by a single Gaussian curve they were con- 
sequently" considered to be due to the liberation of the 
smallest possible amount of transmitter substance and thus 
named quanta, single units, and so on. In subsequent 
experiments (for example, refs 7 and 8) it was found that 
evoked transmitter release occurs in multiples of these 
unit packages. 

In the present investigation conventional intracellular 
recording techniques were used to monitor spontaneous 
miniature endplate potentials (m.e.p.ps) from small muscle 
cells (20-40 um diameter) .of frog cutaneous pectoris 
muscles (Rana temporaria and Rana esculenta) at room 
temperature. 

To rule out systemic errors in measuring the signal 
amplitudes two independent procedures were used in most 
experiments. Both involved electronic computing devices 
(with fast AD converters) which were programmed to 
recognise the typical signal shape. In the on-line version 
(PDP8E) a I-mV signal at the cell corresponded to 231 
digital points (thus measuring in steps of > 4yV); peak 
amplitudes were obtained by gliding averaging of the signal 
trace. In the off-line (PDP10) version, signals were stored 
on analogue tapes (10 kHz) and later peak amplitudes were 
evaluated by fitting an idealised theoretical curve to each 
signal. Both methods produced the same results. Class width 
and starting point of the histograms were chosen such that 
the subunits were most clearly visible. Records were care- 
fully investigated for a change in the average amplitude of 
the m.e.p.ps with time. In the present investigation only 
stable periods were used for further examinations. 

Figure I shows amplitude histograms of two different 
cells. The overall appearance of the distributions is normal. 
Peaks are. however, apparent at regular distances from one 
another (dots). To analyse these peaks, a statistical test was 
adopted which is basically binomial and similar to the 
methods in use for the classic quantum analysis. It is 
assumed that there is a constant number of independent 
subunits (m.) in each ‘active site’ (see below), each one 
having the same probability (p.) of being discharged when 
the site is activated. Subunit size (SU = mean amplitude, b = 
coefficient of variation) is similar in each ‘active site’ and 
subunits: sum linearly. The size of the subunits as well 
as the binomial parameters and the predicted curves were 
estimated by two means. 

Method A: Estimation of SU from the amplitude histo- 
gram by eye; the multiples have to fit as many as possible 
of the visible peaks and the first theoretically possible SU 
must start at OmV. The binomial parameters n, and 
py were then estimated using conventional methods’. To 
compare the observed and expected distributions the ‘geo- 
metrical’ method described in detail by Boyd and Martin" 
was used. b was chosen to give the best fit. 

Method B: A non-linear least-squares fit, which takes into 
account all the above assumptions, was used in a computer 
program to find values for SU, b, n, and pe which would 
provide the best fit to the observed histogram. 

Figure 2 shows observed and fitted curves for two 


821 
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Fig. 1 Intracellular amplitude histograms of spontaneous m.¢.p.ps 

recorded from two ditferent muscle fibres. The total number. of 

observations was 512 in a and 510 in b. Resting membrane 

potential was 85 mV and 65 mV, respectively. Note peaks at 

regular distances (dots). The amplitude of the subunits (SU) 

was estimated using method A. SU is 0.178 mV in a and 
0.160 mV in b. 


experiments. In all cases there is a good fit thus providing 
evidence for the existence of subunits. In most experiments 
(14 out of 18), subunits were apparent, whereas in others no 
evidence for subunits could be obtained. 

Theoretically, the observed subunits could be produced at 
both the pre- and postsynaptic level or even in the synaptic 
cleft. Any such mechanism, however, is less plausible than 
the simple explanation, that spontaneous transmitter 
release occurs in multi-package units. 

In electron micrographs, gatherings of synaptic vesicles 
are seen at the regularly spaced ‘active zones >", and it 
seems that there is a strictly ordered double row with a 
total of about 10-30 vesicles at each ‘active zone’. From 
simultaneous measurements of individual quantal discharges 
with three micro-electrodes, it has been inferred that spon- 
taneous release of transmitter occurrs exclusively at dis- 
crete sites (‘active sites’), which most likely correspond to 
the ‘active zones’. Recent statistical estimations of the 
number of ‘units in the nerve terminal capable of (quantal) 
release {nY indicate that in the frog neuromuscular junction, 
n is smafl (about 1 per micron length of the nerve terminal). 
These numbers roughly correspond to the number of 
‘active zones’ in the activated length of the nerve terminal, 
which in turn suggests that not more than one quantum is 
discharged at each ‘active zone’, 

The numbers of subunits in the amplitude histograms 
were found in several experiments to be between 2 and.15 
which are somewhat less than, but.stillin accord with, the 
number of vesicles lined up in an ‘active zone’. Considering 
the evidence for a special function of the ‘active zone aY, 
therefore, we find it plausible that a quantum might be due 
to the simultaneous discharge of several or all vesicles in 
one ‘active zone’. No temporal resolution of subunits has as 
yet been observed during a quantal discharge. so a mech- 
anism must be postulated which triggers release from 
several vesicles virtually simultaneously. In Fig. 2, at some 
peaks observed frequencies deviate from the expected. ones 
(for example, Fig. 2a, second and third peak of the 
theoretical distribution). Such deviations merely violate the 
simple binomial assumption. Indeed, it is more realistic to 
assume a threshold mechanism such that all vesicles ‘avail- 
able’ at an active site’ are released (p,=1), n, is changing 
in time and is different from site to site. The number of sub- 
units observed in the amplitude distributions then shows the 
range in ny. 

Since the coefficient of variation (b) of the subunits is 
very small, the releasable transmitter content of individual 
vesicles must be very similar. 

Based on amplitude measurements of a large number of 
spontaneous m.e.p.ps and application of a statistical test. 
evidence is presented that quanta consist of about 2 to 15 


822 





£ 
3 
3 
È 
2 
B f Prey eer ee) 
š% 0 0.2 0.4 0.6 mV 
Z 4 
30 
2 
10 


E T E os a 


PEEPI EET IT 


Fig. 2 Observed and fitted amplitude distributions for spontaneous 
m.e.p.ps from two experiments. Method B was used in a and 
method A in b. The amplitude of the subunit (SU) was 0.0768 mV 
in a and 0.2177 mV in b. The coefficient of variation was 0.11 (a) 
and 0.05 (b). The binomial parameter n, was calculated as 8 (a) 
and 10 (b). The total number of observations (N) was 489 (a) and 
507 (b). The predicted curve starts at 0 mV. Note deviation from 
the observed distribution especially in a (for example, second and 
third peak of the predicted distribution). 


subunits. It is proposed that the quantum is due to the 
simultaneous discharge of several transmitter quantities at 
one site. Taking into account other evidence’”?"’, it is 
postulated that the ‘active zone’ is a functional unit. Its acti- 
vation leads to the simultaneous discharge of synaptic 
vesicles lined up there: this creates a single quantum. 
Some of the equipment used in this study was provided 
for A.W. by the Austrian Fonds zur Forderung der 
Wissenschaftlichen Forschung. 
A. WERNIG 
H. STIRNER 
Department of Neurophysiology, 
Max-Planck-Institut für Psychiatrie, 
D-80090 München 40, Kraepelinstrasse 2, 
Federal German Republic 
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Light-activated GTPase 
in vertebrate photoreceptors 


In studies of the regulation of cyclic GMP levels by light we 
found that rod outer segment disk membranes contain a cyclic 
GMP phosphodiesterase (PDE) with a molecular weight of 
240,000, whose activation depends on the photoisomerisation 
of rhodopsin the presence of a nucleoside triphosphate! ~’, 
We report here an additional light-dependent enzyme activity, 
the hydrolysis of GTP to form GDP and inorganic phosphate, 
which functions as another enzymatic component in the 
regulation of photoreceptor guanosine nucleotide levels by light. 
This GTPase has the action spectrum of rhodopsin and is 
half-maximally activated by bleaching only one in 2,000 
rhodopsins. The enzyme has an apparent K,, for GTP of 
0.5 uM. GTPase activity can be quantitatively removed from 
the disk membranes and the activity can be fully restored to 
the disk membranes by a partially purified heat labile protein 
with an apparent molecular weight of 32,000. 

In studies of the activation of photoreceptor cyclic GMP PDE 
by light and nucleoside triphosphate’~*, we attempted to 
catalogue all possible reactions of the phosphoryl donors 
(y-?=P)GTP and (y-°2P)ATP. We have observed that between 
0.01 and 5 uM nucleoside triphosphate, light can stimulate the 
hydrolysis of GTP, but not ATP, in frog (Rana catesbiana) 
outer-segment disk membranes. 

The photoreceptor GTPase shows remarkable sensitivity to 
light; half-maximal activation is observed when only 1 in 2,000 
rhodopsins is photoisomerised (Fig. 1). In our conditions (only 
0.05%% of rhodopsin photoisomerised, 0.5 uM GTP and 1.2 mg 
per ml protein), 95% of the radioactivity from (y-**P)GTP is 
found as inorganic phosphate within 10 min and less than 3% 
covalently labels disk membrane protein (as monitored in 
sodium dodecylsulphate (SDS)-polyacrylamide gel electro- 
phoresis). The sensitivity of this GTPase to light is identical to 
that reported for the light-activated photoreceptor PDE (ref. 3). 

We next examined the dependence of the activation of 
GTPase on the wavelength of the exciting light. We arranged 
conditions where we could compare the efficacy of GTPase 
activation by equal numbers of photons at wavelengths ranging 
from 425 to 600 nm. This action spectrum for GTPase corre- 
ponds perfectly to the absorption spectrum of the rod photo- 
pigment rhodopsin (Fig. 2). 

The light activation of photoreceptor GTPase can be accom- 
plished in one of two ways. We can either randomly photo- 
isomerise a small fraction of the total disk membrane rhodopsins 
{with a flash of light) or we can produce an activation of more 
than sixfold by adding a 1 % admixture of fully photoisomerised 
membranes to a reservoir of a fully dark-adapted, unwashed 
suspension of disk membranes. This activation by the 
phenomenon of mixing was also observed for the light-activated 
photoreceptor PDE?. This activation is seen in conditions where 
the contribution of GTPase activity by the 1% admixture is 
negligible (see Table 1). It is not yet clear whether activation by 
mixing depends on the fusion of vesicles containing bleached 
rhodopsin with dark membranes, or whether the bleached 
material contributes some soluble cofactor in the activation 
sequence. 

The light-activated GTPase activity can be quantitatively 
removed from the disk membranes by lysing unilluminated rods 
in 1.0mM EDTA (pH 7.0), and collecting the disk membranes 
by centrifugation (35,000 r.p.m., Beckman SWS56 rotor, 1h, 
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Table 1 Light activation of GTPase by a flash of light or by the 
combining of dark and fully bleached membranes 





GTPase 
0.05% bleached* membranes 300 
Dark membranes 48 
Dark membranes plus fully bleached membranes} 
(99 ; 1 protein) 302 
Fully bleached component of above mixture 0 


amannenn 


GTPase activities are expressed as pmol GTP hydrolysed per mg 
protein per min. GTP assays were done in the conditions stated in 

ig. 1. 

#0.05°% ‘bleached’ membranes are disk membrane suspensions in 
which 0.05 % of the rhodopsin is photoisomerised. 

+The bleached component of the mixture was washed (by sedi- 
mentation and resuspension) three times before full illumination with 
100 mM Tris-HCI (pH 7.4) containing 5mM MgSO, and 1 mM 
dithiothreitol. This washing procedure removes 90% of the GTPase 
activity. 


4 °C). These disk membranes, after one additional wash in the 
same buffer, showed no GTPase or PDE activities. Both PDE 
and GTPase activities can be restored to the washed disk 
membranes by addition of light, 5 mM Mg?* and the super- 
natant obtained by centrifugation of the lysed rods. This 
supernatant alone does not show GTPase activity. The super- 
natant was subsequently applied to a Sepharose 6B column 
which was equilibrated and eluted with 10 mM Tris (pH 7.5) 
containing 5 mM MgSO,, | mM dithiothreitol and 50 mM KCI. 
Column fractions were assayed by recombination with the 
washed and illuminated disk membranes described above. A 
single peak of GTPase activity is associated with a heat-labile 
molecule which does not display PDE activity and which gives 
a sharp (Coomassie blue positive) band with an apparent 
molecular weight of 32,000 in SDS-polyacrylamide gel electro- 
phoresis®. 


300 


150 


GTPase activity 


Dark > 


0.05 0.15 0.3 0.45 0.6 0.9 
% rhodopsin bleached 


Fig. 1 Light.activation of GTPase as a function of the extent of 
rhodopsin. bleaching: Varying degrees of rhodopsin photo- 
isomerisation were obtained by exposing disk membrane 
suspensions to attenuated (neutral density filtered) light for 
various times. The filter array was calibrated to permit half- 
maximal activation with a 30-s exposure. The % rhodopsin 
photoisomerised was directly measured in 1% hexadecyltri- 
methylammonium bromide for bleaches in excess of 5% and 
linearly extrapolated to determine fractional % bleaches accom- 
plished at shorter exposure times. GTPase activity was measured 
(37°C at pH 7.4) by the method of Neufeld and Levy’ using 
0.5 uM (y-*2P)GTP with specific activity of 20 Cimmol- ina 
reaction volume of 100 pl containing 90 pg of disk membrane 
protein. Activities are expressed as pmol GT P hydrolysed per mg 
protein per min. Alternatively, GTPase was assayed by measuring 
the formation of GDP from (B,y-?*P)GTP with descending 
thin-layer chromatography. Rod outer-segment disk membranes 
were isolated from Rana catesbiana by sucrose flotation®. All 
manipulations and GTPase assays (except intentional illumina- 
tion) were performed in infrared light using image converters”. 
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We emphasise that the range of GTP concentrations over 
which light activation is observed is from 0.01 to 5 M GTP. 
The Km for the light-activated reaction is approximately 
0.5 uM (+0.4 uM) GTP. The maximum velocity achieved by 
the light-activated GTPase is approximately 500 pmol GTP 
hydrolysed per mg protein per min. Above 5 uM GTP, how- 
ever, no light activation of GTPase is seen but an additional 
GTPase activity is observed which has a Km of 90 uM GTP 
and a Vmax of 12 nmol GTP hydrolysed per mg protein per min. 
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Fig. 2 Action spectrum of light-activated GTPase. Points 
represent the fraction of highest (A509) GTPase activity above 
basal. The highest activity observed (at 500 nm) was 80% of 
maximum possible activation by light. (Basal activity was 30 pmol 
GTP hydrolysed per mg protein per min). The solid curve is the” 
absorption spectrum of rhodopsin in 1% hexadecyltrimethyl- 
ammonium. bromide. Exposure. of disk membranes to. equal 
photon numbers of monochromatic light was accomplish 
using a light-shielded Gilford 2000 spectrophotometer. The 
sample holder and photomultiplier were replaced with a camera 
shutter positioned after the exit slits to allow timed flashes of 
light. Frosted glass placed in front of the shutter aperture 
provided a uniformly diffuse source of light, A 100-41 membrane 
sample was contained in a self-masking cuvette with a 5-mm_ 
path length, which was. situated after the frosted glass. The- 


intensity of the tungsten lamp at each wavelength was first. 


measured with a YSI radiometer. The intensity. profile was used- 

to compute a sample exposure time to normalise photon number. 

at each wavelength. GTPase activities were assayed using the 
conditions described in Fig. 1. 


It is not yet clear whether the high-K,, GTPase activity resides 

in a second enzyme or reflects changes in the low-K, enzyme 
which are brought about by higher (possibly non-physiological) __ 
levels of GTP. Interpretation of the physiological roles of the 
light-activated (low Kw) and non-light-activated (high Km 


GTPase will depend on further studies of GTP concentration __ 


in vivo. i 
Finally, we are intrigued by the extraordinary similarity in 


the light requirements shown by both the GTPase and- z 
PDE of vertebrate outer-segment disk membranes. This _ 


similarity embraces activation both by a flash of light and by 
the phenomenon of mixing, suggesting that these enzymes may 


be functionally, if not topologically, linked. After submission of 


this manuscript we were informed of a report of similar findings 


published in the abstracts of the 21st Biophysical Society 


meeting’. 
G. L. WHEELER 
Y. MATUO 
M. W. BITENSKY 
Yale University School of Medicine, 
Department of Pathology, 
New Haven, Connecticut 0651 0 
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Salt-sensitive in vitro protein synthesis 
by a moderately halophilic bacterium 


EXTREMELY halophilic bacteria, such as Halobacterium 
eutirubrum, grow only in high NaCl concentrations (2.5- 
5 M) and have very high (5 M or higher) internal concentra- 
tions of salts, mainly KCl'*. The ribosomes and protein- 
synthesising systems of these organisms seem especially 
adapted to function in such concentrations’. In contrast, 
moderately halophilic bacteria, such as Vibrio costicola, 
grow over a much wider range of NaCl concentrations (at 
least 0.5-3.5 MY. In V. costicola, though not necessarily in 
all moderate halophiles, the cell-associated monovalent 
cations are at least as concentrated as those of the external 
medium. For example, cells growing exponentially in 
medium containing 1M NaCl and 0.008 M KCI can have 
internal Na*, K*, and NH,* concentrations of about 0.6, 
0.7 and 0.4M respectively, as well as 40 mM Mg? (ref. 5 
and our unpublished results). Ribosomes from V. costicola 
differ from those of both extremely halophilic and non- 
halophilic bacteria in their ability to maintain a ‘standard’ 
sedimentation pattern (30, 50.and 70S) over a wide range 
of salt concentrations. This pattern is not changed by the 
NaCl concentration in which the cells are grown’. Such 
properties, however, do not really tell us how well the ribo- 
somes function at different salt concentrations. Studies of 
in vitro protein synthesis, reported here, suggest that ribo- 
somes may function at much lower salt concentrations than 
measurements of total cell-associated ions indicated to be 
present in the cell. 

Extracts were prepared from cells grown in medium 
containing 1 M NaCl, washed, and suspended in mixtures of 
NaCl, KCl, NH.Cl and MgCh approximating the cell- 
associated concentrations of these cations. Cells were 
broken by osmotic lysis or by grinding with alumina. After 
centrifugation at 30,000g for 30 min to remove intact cells 
and membrane fragments, the supernatants (S-30) were 
incubated with the ingredients used to demonstrate in 
vitro protein synthesis in other bacterial extracts (see 
legends to Figs 1 and 2), but with the final salt concentra- 
tions adjusted to that in which the cells were broken. No 
activity was found, as measured by incorporation of radio- 
active amino acids into trichloroacetic acid-precipitable 
material. But, if no salt was added to the assay mixture 
other than that contained in the extract (final concentration 
about 0.2 M) protein synthesis occurred. If the concentra- 
tion. of any salt was increased, activity fell. At concentra- 
tions of 1M or higher, no activity could be measured. 

Figure 1 shows the effects of various concentrations of 
salts of monovalent cations and MgCl, on poly U-dependent 
phenylalanine incorporation. Figure 2 gives comparable 
results for incorporation using ‘endogenous messengers’— 
that is, incorporation of a mixture of “C-labelled amino 
acids from a Chlorella hydrolysate. In both systems activity 
was highest in NHiCl, followed by KCI, then NaCl. Optimal 
activities occurred in 0.1-0.2 M salts, and higher concentra- 
tions were inhibitory. This was especially noticeable in the 
effects of NaCl on the ‘endogenous’ system. Magnesium ions 
were needed for activity, maximal activity being reached at 
about 18 mM Mg" in both systems. 
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We considered the possibility that high concentrations of 
monovalent cations inhibited protein synthesis because they 
were displacing the essential divalent cation, Mg**. If this # 
were so, it should be possible to overcome the inhibitory 
effect of the former by increasing the latter. In both 
systems, however, increasing the MgCl. concentration two- 
or fivefold (from 20mM) did not reverse the inhibition 
caused by higher concentrations of the other salts (up to 
1 M). Higher concentrations of Mg** were just as inhibitory 
in the presence of higher as in lower concentrations of the 
other salts. 

One of the problems with establishing a protein synthesis- 
ing system in a ‘new’ bacterium, is showing that the meas- 
ured incorporation represents polypeptide synthesis. This 
was shown by the following findings. Incorporation is 
energy dependent. In the absence of poly U phenylalanine 
incorporation was reduced by 90%, and “C-leucine was 
incorporated to about the same extent as phenylalanine. 
Leucine incorporation was not stimulated by poly U. Treat- 
ment of the system with ribonuclease A (Sigma, 40 ug ml” 
in assay mixture) abolished all activity. Chloramphenicol 
(15 ug mI’) and puromycin (25 ug mi) strongly or com- 
pletely inhibited activity. Aurintricarboxylic acid (105 ug 
ml”) inhibited incorporation in both the poly U-dependent 
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Fig. 1 Effects of NaCl (0), KCI (A), NH,CI (O) and MgCl, 
(insert) on the poly U-dependent “C-phenylalanine incorpora- 
tion. V. costicola cells, grown in 1 M NaCl, were broken by 
grinding with twice the wet cell weight with alumina. After 
centrifugation at 30,000g for 30 min to remove whole cells and 
membrane fragments, small volumes (1-2 ml) of the extracts 
were dialysed with rapid stirring for 1h against 1-21 of a 
solution of 100 mM NaCl, KCl, or NH,Cl, depending on the 
salt to be studied, plus 20 mM MgCl, and 10mM Tris-HCI, 
pH 7.6. This dialysed extract was then centrifuged at 30,000g for 
30 min and the resulting supernant was termed the S-30 extract. 
90 ul of the S-30 extract was incubated with 210 pl of the 
reaction mixture so that the final concentrations were: 15 mM 
phosphoenol pyruvate; 2mM adenosine triphosphate; 1 mM 
guanosine triphosphate; 18 mM MgCl, (or as indicated, insert); 
30 pg mi~ pyruvate kinase; 50 mM Tris-HCl, pH 7.6; 7.5 mM 
reduced glutathione; 9.6uM ™C-phenylalanine (522 mCi 
mmol!~!); 270 pg poly U; and 100 mM NHC, KCI, or NaCl, or 
the concentration as indicated. The reaction was incubated at 
30 °C and 50 p aliquots taken at 0, 2, 4, 6, and 8 min. The 
aliquots were precipitated with 3 ml of cold 5°% (w/v) trichloro- 
acetic acid, heated at 90°C fer 20min, then collected onto 
0.45-um filters (Millipore). The filters were dried and counted in 
a liquid scintillation counter with 5S ml of Scintiverse (Fisher 
Scientific). An activity of 100° represents 22.2 pmol of 
phenylalanine incorporated per min per Ass unit of the S-30 
extract, 
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Fig. 2 Effects of NaCl (©), KCI (A), NH,ClI (O) and MgCl, 
(insert) on the amino acid incorporation dependent on tendo- 
genous messenger’. V. costicola, grown in 1 M NaCl, cells were 
lysed osmotically by suspending the cell pellets in buffer contain- 
ing: 200mM KCI; 10mM_ Tris, pH 7.6; and 5 mg mit 
lysozyme. After 2-3 min incubation on ice, the ionic concentra- 
tion and composition was restored to: 100 mM KCl; 10 mM 
Tris, pH 7.6; and 18mM MgCl,. S-30 extracts wete prepared 
and dialysed as in Fig. 1. The assay conditions are as in Fig. 1 
except that poly U and “C-phenylalanine were omitted and 
C-labelled Chlorella hydrolysate (54 mCi per mAtom of carbon) 
was substituted; The values are expressed as % of maximum 
activity, maximum activity being 300 c.p.m. per min per Azgo 
unit. 


and the endogenous system. Analysis of the end products of 
4“C-phenylalanine incorporation by the method of Pestka 
et al.’ showed that 58% was in the form of diphenylalanine, 
25% in the form of triphenylalanine, and 17% in the form 
of higher oligo- or polypeptides. 

Salts had a different effect on the stability of the protein 
synthesising system than on its activity (Table 1). Con- 
centrations of all monovalent salts which inhibited protein 
synthesis could stabilise the system. Usually, the system was 
more stable at lower temperatures. Only in the highest 
NaCl concentration (2M) did rapid inactivation of the 
system occur (not shown in Table 1). We cannot assign the 
effects of the salts to any specific component of the protein 
synthesising system, but it has been shown that certain salts 
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Table 1 Effects of Na+, K+, and NH,* chlorides on the stability of 
the poly U-dependent incorporation of M4C-phenylalanine 





t, values (min) 


Salt 30 °C 20 °C 3°C 
0.1 M NH,Cl 22 160 510 
1.0 M NH,Cl 63 oe] oO 
0.1 M KCl 40 57 405 
1.0 M KCI 20 fo) ies) 
0.1 M NaCl 30 45 ea 
1.0 M NaCl 48 58 1,095 





400 pl of the S-30 extract, dialysed against 100 mM of the 
appropriate salt was incubated with solid salt to raise the concentra- 
tion to the desired level. Aliquots of 90 pl of this mixture were 
removed at various times and assayed as described in Fig. 1 except 
that for the 1 M salt concentrations no monovalent ions were added 
to the reaction mixture. This resulted in a final concentration of 0.3 M 
salt. The f; is the time required for the extract to lose half of the 
original activity. The oo symbol indicates that the extract lost no 
activity over the test period (usually 8 h). 


BL 


have different effects on the stability and the activity of 
individual enzymes of halophilic bacteria”. 

It is very difficult to predict the state of ions in the 
cytoplasm of a cell from knowledge of the total concentra- 
tion alone. Certain physiological functions might provide a 
better estimate of the actual internal state of these ions. It 
is probably significant that many of the internal enzymes 
of the halobacteria function better in KCl than in NaCl’. 
It is more significant that protein synthesis, a process 
dependent on many enzymes and on the proper configura- 
tions of ribosomes and their interactions with mRNA, also 
functions in the conditions that are suggested to exist in 
these cells by total ionic analysis. This is not so for V. 
costicola. Rather, protein synthesis occurs in much lower 
salt concentrations than those found in the cell as a whole. 
Protein synthesis would be completely inhibited by the salt 
concentrations found in the bacteria, if all were free in the 
cytoplasm. Our results suggest that they are not free, 
but rather that they are sequestered within the cell. 
Possibly Mg’* is bound to the cell envelope (optimum Mg** 
level for protein synthesis is less than half of total cellular 
concentration). Many bacterial envelopes can bind divalent 
cations’. It is less easy to envisage a binding site for. the 
monovalent cations. A binding of such cations to envelopes 
has been reported for other moderately halophilic and non- 
halophilic bacteria, however (discussed in ref. 5). We are 
investigating this possibility for V. costicola. 

This work was performed when T.H. was a visiting 
scientist at Ottawa University. 
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Carbon dioxide governs the 
oxygen affinity of crocodile blood 


OxyGEN affinity of haemoglobin inside red blood cells is de- 
creased to a level where oxygen unloading can proceed at 


sufficiently high partial pressures in the tissue capillaries. This 
adaptation of oxygen affinity is accomplished mainly by the 


interaction of haemoglobin with intraerythrocytic phosphates. 
These comprise 2,3-diphosphoglycerate (DPG) in most mam- 
mals, ATP and GTP in fish?, and myo-inositol pentaphos- 
phate (IP) in mature birds? ~. No haemoglobin system has 
been described in higher vertebrates which is devoid of func- _ 
tional interaction with the respective intracellular phos- 
phates. Recently, however, Sullivan’ has questioned the role. 


of phosphates for the control of oxygen affinity in crocodile. o 
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red cells (ATP and inorganic phosphate have been identified?-?-), 
He remarks that “the substance regulating oxygen affinity in 
alligators is very efficient, but unknown”. We show here that 
the oxygen affinity of haemoglobin from a member of the order 
crocodiles (Crocodylus porosus) is not affected by any of the 
regulating allosteric cofactors known with the exception of 
molecular CO, and protons. 

A specimen of C. porosus, about 5-yr-old, was anaesthetised 
with Rompun and Katalar and blood obtained by heart 
puncture. Red cells were washed in saline and lysed by addition 
of distilled water. The ghosts were removed by centrifugation. 
The clear supernatant was passed over Sephadex G-25 columns 
at 4°C equilibrated with Tris buffer pH 8.1 to remove all 
phosphates, and subsequently dialysed against 0.1 M NaCl. 
The oxygen affinity of haemoglobin solutions was determined 
as described earlier’. 

The partial pressure of oxygen at which purified haemoglobin 
solution is half saturated with oxygen (Po) was 3.9 Torr 
(20 °C, pH 7.3) and increased to 28.8 Torr on addition of 
CO, (pCO, = 40 Torr, pH 7.3). This value is very near to the 
one found in whole blood (Ps) = 30.3 Torr at 20 °C, extra- 
cellular pH 7.47, pCO, = 40 Torr). At more alkaline pH the 
effect of CO, on Ps, is even more pronounced (Fig. 1). Note 
that the concentration of ATP was low in crocodile erythrocytes 
(0.6 mM) and that UTP, CTP, ITP, GTP and DPG could 
not be detected enzymatically” or by thin-layer chroma- 
tography’. Apart from ATP the following phosphates were 
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Fig. 1 Plot of logP, against pH of crocodile haemoglobin in the 
absence (©) of CO, and at a pCO, of 40 Torr (@) at 20°C. 
Hb concentration 120 uM haem; buffers: 50 mM bis-Tris— 
100 mM NaC] in the absence of CO, (total ionic strength 0.150) 
and bicarbonate-NaCl buffer in the presence of CO., 150 mEq 
I~", pH was also varied by changing pCO, at constant bicarbonate 
concentration (A). Blood P;, was determined by means of the 
Lex-O,-Con apparatus at 20 °C, pCO, 40 Torr and extracellular 
pH 7.47 (®). The dotted lines were obtained from similar 
experiments on human haemoglobin in the absence (lower) and 
presence (upper) of CO#. 
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tested with respect to their possible influence on Psy of haemo- 
globin solutions: IP, prepared from chicken blood®, DPG, 


fructose-1,6-diphosphate, and cyclic AMP, each used in a # 


10-20-fold excess of phosphate over Hb,. None of these led to 
a significant shift of Psy. Similarly, inorganic phosphate 
(0.1 M) had no effect on the oxygen affinity of crocodile haemo- 
globin. Apart from CO, only protons led to heterotropic 
interactions with the oxygen binding: A logP;./ApH = —0.43 in 
the alkaline range (Fig. 1). When the change in pH was pro- 
duced by varying pCO, at constant HCO,~ concentration 
AlogP;,/ApH increased to —-0.66 due to the additional action of 
CO, on Ps». Cooperativity of oxygen binding was not sig- 
nificantly influenced by CO,: the exponent a in Hill’s equation’? 
was 2.1 in the absence and 2.0 in the presence of CO,. 

The question arises then as to how this remarkable effect of 
CO, on the oxygen affinity of crocodile haemoglobin can be 
explained on a molecular basis. As reptile haemoglobins 
polymerise in certain conditions“??? it is conceivable that the 
action of CO, leads to increased aggregation with consecutive 
decrease in oxygen affinity. Gel filtration experiments on 
Sephadex G100 columns operated with bis-Tris buffer pH 7.3 
at 20°C yielded two components in equal proportions, one 
which is probably ‘octameric’ (apparent molecular weight 
110,000) and one ‘tetrameric’ species (apparent molecular 
weight 43,000). This proportion was very much the same when 
the experiment was carried out with bicarbonate buffer 
equilibrated continuously with CO, so to give the same pH 
and ionic strength. Furthermore, oxygen binding curves of the 
isolated components showed that CO, produced the same 
decrease in oxygen affinity in the ‘octameric’ and in the 
‘tetrameric’ pigment as in the unfractionated haemolysate. 
Additional control experiments on Sephadex G100 were 
carried out to check that the respective components had not 
interconverted during the oxygen binding experiments. Both 
the ‘octameric’ and the ‘tetrameric’ component appeared as 
one major band in isoelectric focusing experiments with 
isoionic pH values of 7.24 and 7.26, respectively. 

Thus we conclude that a reversible aggregation-dissociation 
phenomenon is not the cause for the CO,-induced decrease in 
oxygen affinity of crocodile haemoglobin. Most likely the form- 
ation of oxygen-linked carbamate compounds is responsible 
for the observed effects, qualitatively similar to what is found 
in human haemoglobin, where more carbamate is present at 
the terminal a-amino groups in the deoxy- than in the oxy- 
Structure. If the same residues mediate the carbamate form- 
ation in crocodile haemoglobin, our data suggest that the 
carbamate equilibrium constant as well as the change of the 
carbamate equilibrium constant when the haemoglobin binds 
or releases oxygen must be higher than even in the B-subunits 
of human haemoglobin, where most oxygen-linked carbamate 
is being formed*>. The negatively-charged carbamate itself 
could stabilise the deoxy-structure and de-stabilise the oxy- 
structure of crocodile haemoglobin by secondary interactions 
with positively-charged residues. If such interactions lead to 
Structural transitions of the quaternary structure it may be 
possible to observe changes in the absorption spectrum as, for 
example, in certain fish haemoglobins at different pH values". 
Difference spectra in the Soret range obtained on crocodile 
haemoglobin in the absence and presence of CO, (pCO, = 
100 Torr) gave no indication of such transitions, however. 

Whatever the exact molecular mechanism of the strong 
antagonism between CO, and oxygen binding turns out to be, 
it is significant that this particular interaction, which must have 
appeared quite early in the evolution of haemoglobin function 
in vertebrates!*!", has been explored very efficiently in a member 
of the order Crocodilia which possesses haemoglobins with a 
high intrinsic oxygen affinity and only little intra-erythrocytic 
phosphates. In situations where the animal moves about very 
quickly and therefore liberates CO, from the tissues, the 
antagonism between CO, and oxygen binding should be very 
efficient in aiding oxygen release from the blood. 

We thank Dr Wiesner from the Tierpark Hellabrunn, 
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Miinchen, for blood samples, Mrs U. Engels for technical 
assistance and to Dr G. Gros for helpful comments. 

~% Note added in proof: Oxygen binding to haemoglobin from 
another crocodile species, Caiman crocodylus, exhibits the same 
strong interaction with molecular CO,, but none with ATP. 
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Hapten-induced allosteric transition in 
the light chain dimer of an immunoglobulin 


Tue dimer of immunoglobulin light chains (L,) was shown by 
X-ray crystallography to be structurally homologous to the 
native immunoglobulin Fab fragment (HL) (refs 1~3). This 
led to the suggestion that L, is a model for a primitive antibody’ 
and for the T-cell receptor?*?*, In L, 315 (from the mouse 
myeloma protein MOPC 215) functional homology was also 
implicated in that both L, and HL bind the same nitroaromatic 
haptens with similar fine specificity. We have considered the 
possibility that this homology extends also to hapten-induced 
conformational changes and that studies with L, will yield in- 
formation on the nature of such processes in immunoglobulins. 
L, 315 constitutes a particularly good model system for such 
studies as it binds two hapten molecules per dimer at symmetry- 
related sites!’®. It is thus possible to monitor the conformational 
effects of the first binding hapten through the mode of interaction 
with the second, as revealed by the shape of the saturation 
curve’, We report here that dinitrophenyl-lysine (DNPL) and its 
fluorescent analogue nitrobenzoxadiazole-alanine (NBDA) (ref. 
7) both display sigmoidal binding curves, implying positive 
cooperativity in their interaction with L, 315. This observed 
cooperativity is shown to arise from a hapten-induced confor- 
mational transition which may be described by the allosteric 
model®. We propose that this allosteric transition involves 
changes in the relative position of the chains in Ls, lending sup- 
port to suggestions®* that a similar process occurs in the struc- 
turally homologous intact immunoglobulin. These findings are, 
therefore, relevant to the question of antigen-triggered effector 
functions of antibodies through an allosteric mechanism®!°"!?, 

The difference spectra observed on addition of hapten to 
L; 315 are shown in Fig. la and b. Each hapten displays its 
characteristic difference spectrum which varies little throughout 
the titration as is particularly emphasised in the well defined 
isosbestic points for NBDA. This strongly suggests that the 
two sites on L, 315 are identical with respect to hapten binding. 
Accordingly, any model used to account for the observed 
cooperativity should be symmetric, in line with the previously 
re local symmetry around the binding site of L, 315 
ref. 5). 

The hapten occupancies (calculated from the absorption 
changes) were plotted against hapten concentration (Fig. 2). 
For both haptens the binding curve is sigmoidal, the effect 
being more pronounced with NBDA. For this hapten equili- 
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Fig. 1 Difference spectroscopic titrations in which a, 4-(a-N-L- 
alanine)-7-nitro-benz-2-oxa-1,3-diazole (NBDA)’, and b, e-N-2,4- 
dinitrophenyl-L-lysine (DNPL), are added to mildy reduced and 
alkylated L 3154 in 0.01 M sodium phosphate buffer pH 7.4 with 
0.15 M NaCl (PBS). AA is the change in hapten absorption on 
binding to L, (AA = Apouna—Atrec). Spectra were taken on a 
double beam Cary 118 spectrophotometer in rectangular quartz 
cuvettes of 0.437 cm pathlength at 4°C. Equal aliquots of 
hapten solution were added to a cuvette containing the protein 
solution and to a reference cuvette containing an exactly equal 
volume of buffer. The minor contribution of protein absorption 
below 320 nm was corrected electronically. Initial L, concentra- 
tion was 6.0 x 10 M sites (assuming 2 sites per protein 
molecule, and €s = 60,000 M~? cm~! for the dimer). 


brium dialysis measurements were also performed and the 
points were found to lie on the same binding curve (Fig. 2). 
The origin of the observed sigmoidity is therefore thermo- 
dynamic and not spectroscopic—that positive cooperativity 
occurs in the binding of hapten. The data were analysed accord- 
ing to the Adair? formalism as described in Table 1. 

The underlying mechanisms of the observed positive co- 
operativity may be one of the following: (1) the first bound 
hapten exerts a direct attractive interaction on the second; 
(2) hapten binding is coupled to a chain-dissociation equilibrium 
of the form L,*>2L (refs 14, 15); (3) hapten binding is linked 
to an allosteric conformational transition in L,. Since the sites 
on L, 315 are probably no more than 12 A apart’, direct 
contact interaction between haptens is possible. But there are 
strong arguments against it, which are: first, from the chemical 
nature of the ligands no mutual attraction is expected, par- 
ticularly not for the negatively charged NBDA; second, 
attraction between identical ligands would be fortuitous and 
is unlikely to occur in two different cases; and third, direct 
hapten interaction is expected to lead to spectral asymetry 
because the first hapten interacts only with protein residues 
while the second hapten also interacts with the first. The 
possibility of chain dissociation at the L, concentration studied 
(3x10 M) was ruled out by a series of sedimentation 
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Table 1 The best fit parameters for the curves in Fig. 2 according to different models 





Hapten Intrinsic Adair constants (M~t) ay L Intrinsic MWC constants (M~) c = K7/Kp 


Ag, 
(am) (cm-?+ M74) 


0? 1.83 464 — 12400 110 Ky 
0? 515 +6800 Kg = 


xi 0 
xd 5 
x 108 1.33 354 — 4500 110 Ky = 2. 
x1 6 


104 
10% 0.043 
10* 


NBDA K, = 
DNPL K, = 


attribute of the protein, it should be equal for both haptens. It was found impossible to fulfill this unless non-exclusive binding is assumed 
either for DNPL or for both haptens. We chose the first possibility thus getting a lower-limit estimate of L. Hapten binding has an appreciable 
effect on the conformational equilibrium: in the absence of hapten only about 1% is in the R form [1/(1 + L)] while in the fully saturated 
protein R amounts to 100% and 83% for NBDA and DNPL respectively [1/(1 + Lc?)]. This is in line with the fact that the free energy change 
in the T to R transition is AG =-RTIn(1/L) = 2.8 kcal mol ~, which is comparable to —RTInKz ~-6.5 kcal mol— for the binding,of both 





2 T | | T measurements in which a value of Sow = 3.3 +0.15 (cor- 
responding to L,) was found in the concentration range of 
6.0 x 107€ M to 2.0 10-4 M in the presence or in the absence 
of hapten. 


1.6L. 2 A conformational change induced in L} on hapten binding 
seems therefore to be the most plausible explanation for the 
observed positive cooperativity. The constancy of spectral 
effects through the titration strongly supports the notion of a 
12l symmetry-conserving process which may be adequately 


described by the allosteric model of Monod, Wyman and 
Changeux? (MWC) as detailed in Table 1. The data thus fit a 















R a i model in which the binding of the first hapten leads to a con- 
version of both sites from a lower affinity conformation T into 
0.8 a higher affinity conformation R. It is hard to conceive such a 
transition in terms of local changes limited to a few contact 
residues only. Rather, the data suggest that hapten binding 
causes a change in the overall configuration of the dimer which 
0.4 , : is related to inherent structural and energetic properties of the 
i r f L, molecule as a whole. In view of the evidence that in L, 
: i haptens interact with both L chains simultaneously!* 16, 
it is possible that the hapten participates in the inter-chain 
interactions that mediate the concerted transition. More 
specifically, we suggest that hapten binding to one of the sites 
0 0.8 1.6 2.4 3.2 between the two L chains brings about a symmetry-conserving 
H(x 10* M) change in the relative chain position. This transition is associated 
with a relatively small net free energy change, so that haptens 
having association constants of the magnitude found here may 

shift the equilibrium appreciably (see Table 1). 
Fig. 2 Saturation curves of L, 315 with NBDA: ©, AA at 464 nm; In analogy to the L, case, haptens that bind to HL also 
©, 44 at 515 nm and with DNPL; x, AA at 354 nm. R is the interact with both chains* 118, sometimes enhancing their 
MAJUA P bere AN ne ap iis AO T anA X z mutual cohesion’. Antigen or hapten-induced conformational 
Ebound ~~ Etree is the change in the molar extinction of the transitions detected in HL by spectroscopic®:! or kinetic!*: ? 
hapten on binding (R<2). H is free hapten concentration, For methods, were actually proposed (on the basis of indirect 
NBDA ps Sag othe points (@) are also shown. These inference) to involve changes of relative chain position*: ¥. 
spectrophotocetrically.. A Eaa E n nee Our results strongly support these suggestions in showing that 
square procedure °! was used to obtain the values of K;, K, such changes are energetically feasible in a structural and 
and Ae, as given in Table 1. The solid lines are drawn using functional homologue of an immunoglobulin. The inherent 
these values of the parameters. The broken line is calculated structural properties of L, which lead to the observed con- 
Previous reported’ Tor ihe biting oF DNPE to L.O h3 cétted conformational transition probably exist also in HL, 
seen that the difference between the solid and broken lines for since conformation and chain interactions in both were shown 
DNPL is relatively small which may explain why in a previous to be very similar'*-}”. Direct hapten binding measurements 
Saipan gt dialysis) tudy Hier sania ihe coopera cannot detect conformational changes in HL since it binds 
observed cooperativity any previous mea- Uremeats in which the only one hapten per two chauis (see ref. 12). Kinetic measure- 
binding curve was not extensively characterised should be ments, however, give information on such processes as shown 
treated with caution. Insert: the saturation points replotted in by the chemical relaxation study of hapten-induced confor- 
the on a a pin plot. N, the number of binding sites per L, is mational changes in another mouse myeloma protein, MOPC 
for clarity, The imes are drawn wah the sameness 460 (ref, 12). In order to relate the conformational transitions 
meters as in the main figure. The slope at log [R/(N—R)] = 0 is in L, and HL, L, 315 is now also being characterised by chemi- 


denoted ny and its value is given in Table 1. cal relaxation. Preliminary results are in good agreement with 
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the binding data, suggesting two slowly interconverting con- 
formations which bind the hapten differently. 

~% The changes in relative chain position may also be ex- 
pressed ina change of the domain interactions, hypothesised to 
be'the primary event in antigen triggering of antibody effector 
functions through an allosteric transition". The mechanism pro- 
posed here may imply that this transition arises chiefly from 
mere simultaneous interaction with H and L chains, stemming 
from inherent structural and energetic properties of HL. It 
would therefore be. relatively antigen-independent, which 
explains how different antigens, interacting with diverse sites, 
are able to trigger the effector functions common to all anti- 
body molecules. In any antibody—hapten system, however, the 
conformational effect. will depend on the detailed interactions 
and will not always be expected to occur. 
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Two enzymes are required for strand 
incision in repair of alkylated DNA 


Tue excision-repair model for DNA repair involves the 
incision by an endonuclease of the phosphodiester chain 
adjacent or close to the damage and subsequent excision 
by an exonuclease: of the defective nucleotide(s) (for 
review see ref. 1). Specific endonuclease for ultraviolet- 
induced damage’ and for apurinic sites have been isolated 
associated with’*, or without an exonuclease activity (refs 
4-6 and J.L. and L. Grossman, in preparation). Another 
class of enzymes does not incise DNA, but recognises 
and excises defective bases as uracil in the DNA. Belonging 
to this class of DNA N-glycosidases, is the enzyme 
described here which excises 3-methyladenine (3-MeAde) 
from alkylated DNA. This base excision repair is a pre- 
paratory step for the nucleotide excision repair described 
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Fig. 1 Separation of DNA N-glycosidase from endonuclease for- 
apurinic sites on DNA-~Agarose. @, DNA N-glycosidase; 
©, endonuclease for apurinic sites. M. luteus ATCC 4698 was. 
grown to late exponential phase!? washed in 1 mM EDTA 
5 mM mercaptoethanol, 10% glycerol (solution A) containing 
10 mM K,PO, (final pH 6.5) and stored at —20°C. Freshly 
grown cells (14 g), dispersed in 30 ml of washing buffer were. 
lysed with 50 mg of lysozyme, cooled and sonicated to reduce the 
viscosity. The resulting solution was slowly titrated to pH 7.7 
with 0.1 M KOH and centrifuged for 60 min at 30,000g. The 
supernatant was loaded on a DEAE-cellulose column (DE 52 
Whatman) equilibrated with solution A containing 0.05 M 
KPO, (final pH 7.7). Elution was achieved: by a linear gradient, 
the initial concentration was the equilibrating buffer and the 
limiting one, solution A, containing 0.35 M KPO, (final pH 7.7). 
The twoactivities were not separated. Active fractions were pooled, 
dialysed against solution A containing K,PO, 0.05 M, 
pH 6.7) and loaded on a P-cellulose column (Py, Whatman) 
equilibrated with the same buffer. Elution was by a KCI linear 
gradient, 0-0.3 M in the loading buffer. The two enzymes were 
not separated. Active fractions are pooled and at this step 
could be stored at —20 °C with a loss of activity less than 10% 
in 10 months. The last step was chromatography on DNA- 
Agarose. P-cellulose fractions (2 ml) were diluted with 4 ml of 
solution A and applied to a DNA-Agarose* column (0.4 x 8 cm) 
equilibrated with solution A containing 0.02 M KPO, buffer 
(final pH 7.2). The column was washed with 5 ml of the loading 
buffer, and eluted with a gradient of KCl 0-1 M in the same 
buffer (20 ml). Endonuclease for apurinic sites was measured by 
a modification of the method of Verly and Rassart® using E. coli 
3H DNA (3.2x10’ c.p.m. pmol!) heavily alkylated with 
MMS and subsequently heat depurinated. Incubation mixtures 
(100 ul) contained 10 pmol of K,PO, buffer (pH_7.5), 4 pmol. of 
apurinic DNA and enzyme. After incubation at 37 °C the mixture 
was chilled at O°C and 50 pl of cold calf thymus DNA 
(0.5 mg mi~) was added, after 2 min, 200 plofcold:0.5 M HCIO, 
was added. After 5 min at 0°C the precipitate was removed 
by a 12-min centrifugation at 6,500g and radioactivity measured 
in Scintigel (Roth). One unit of enzyme liberates 1 nmol of acid- 
soluble oligonucleotides in 30 min in the above conditions. 
DNA N-glycosidase was assayed by measuring the release of 
ethanol soluble 3-MeAde from a calf thymus DNA (4 mg in 2. ml) 
alkylated’* with °H-dimethylsulphate (5 mCi, Amersham). 
Assay mixtures (100 yl) contained 10 pmol of KPO, 
buffer (pH 7.5), 4.58 nmol dimethylsulphate-alkylated DNA 
(1.5x10° c.p.m. pmol) and enzyme. After ‘incubation at 
37 °C, 50 pl of a solution containing 12.5 pg of calf thymus DNA 
and 100 ug of bovine serum. albumin were added, chilled to 
0°C for 2 min and 300 pl of pre-cooled (—20°C ) ethanol are 
added. After an additional 5 min at 0°C the precipitate is 
removed by a 12-min centrifugation (6,500g, 0°C) and radio- 
activity determined. One unit of enzyme liberates 1 pmol of 
ethanol-soluble alkylated base in 30 min at 37 °C in the above: 
conditions. Ethanol-soluble products are identified as 3 MeAde. 
by chromatography on Dowex-50 (NH,+form) at pH 6.65 
(ref. 17) using authentic samples of 3-MeAde(Fluka) 7-MeGua, 
thymine (Sigma) and 7-methyladenine (Veg -Fox) as internal 
standards. The chromatographic identity of 3H-3-MeAde with 
an authentic sample was independently confirmed using celluose 
thin-layer chromatography (Eastman chromogram)*. 


above. It has been claimed that endonuclease IL of 
Escherichia coli® both excises the alkylated bases 3-MeAde 
and O*-methylguanine ‘O0°-MeGua) and incises DNA at 
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apurinic sites. This enzyme also recognises a number of 
additional substrates™™. To establish the precise mechanism 
of incision of alkylated DNA we have purified two enzymes 
from Micrococcus luteus, a DNA N-glycosidase, which 
excises 3-MeAde, and an endonuclease for apurinic sites. 
We report here a reconstruction experiment showing that 
incision of DNA treated with carcinogenic and mutagenic 
compound methyl methanesulphonate (MMS) is a two-step 
mechanism involving the sequential action of these two 
enzymes. 

Endonuclease for apurinic sites was assayed by the 
release of acid-soluble oligonucleotides’ from heavily 
depurinated E. coli *H-DNA. DNA N-glycosidase activity 
is measured by the liberation of ethanol soluble *H-3-MeAde 
(Fig. 1) from calf thymus DNA alkylated with *H-dimethyl- 
sulphate. Supertwisted PM2-DNA was used in additional 
assays to detect endonuclease activity at the level of one 
nick per molecule. The assay measures the conversion 
of supertwisted molecules to nicked ones. When using 
superhelical DNA in the assay of the endonuclease for 
apurinic sites, a limited number of apurinic sites was 
introduced by heating at low pH (ref. 19). For DNA 
N-glycosidase few bases were alkylated by MMS”. 

The two enzyme activities showed, in our conditions, 
similar chromatographic properties on DEAE- and P- 
cellulose columns, but were resolved by a column of 
DNA-~Agarose (Fig. 1). But slight contaminating traces 
of endonuclease acting at apurinic sites in DNA N-glyco- 
sidase could be detected up to fraction 12 when using a 
large excess of DNA N-glycosidase (1.1 units) for the 
PM2-DNA assay. No DNA N-glycosidase can be detected 
in the endonuclease for apurinic sites peak before fraction 
7 using 160 units of this enzyme. Neither of the two 
enzymes were contaminated by nonspecific endonuclease as 
they did not nick supercoiled PM2-DNA (Table 1). Endo- 
nuclease for apurinic sites acts at or near an apurinic site 
and has no exonuclease associated (J.L. and L. Grossman, 
in preparation). DNA N-glycosidase liberates 3-MeAde 
from dimethylsulphate-alkylated DNA and very little, if 
any, of 7-methylguanine (7-MeGua) (less than 5% of the 
total bases released). 

A reconstruction experiment involving the sequential 
action of the two enzymes described above should be a 
strong argument for a two-step mechanism for incision of 
alkylated DNA. Therefore, we devised the following 
experiment: ‘*H-labelled PM2-DNA_ was treated with 
MMS” to alkylate about one base per molecule as 
3-MeAde”, this latter base being a substrate for DNA 
N-glycosidase. Identification of DNA superhelical and 
nicked forms was achieved by zone sedimentation or by 
filter assay and average number of nicks per molecule 
calculated. Untreated PM2-DNA carried an average of 
0.06 nicks per molecule (Table 1). Enzymes used had no 
activity on native DNA as after incubation the average 
number of nicks (0.10) was not significantly increased 
(Table 1). This rules out a possible contamination by non- 
specific endonuclease. Methylation slightly nicks the DNA 
(Table 1). On incubation of MMS-treated DNA alone or 
with apurinic endonuclease or with DNA N-glycosidase, 
there was no significant change in the average number of 
nicks introduced per molecule of DNA, this number being 
respectively 0.15, 0.17, 0.16 for the three samples studied 
(Table 1 and Fig. 2 a, b, c). In sharp contrast sequential 
incubation of the two enzymes induced an average of 
1.05 breaks per molecule (Fig. 2d). 

It is the first time that the DNA WN-glycosidase for 
alkylated DNA has been obtained devoid of endonucleolytic 
activity either on native DNA or on DNA-carrying 
apurinic sites (Fig. 1) and devoid of nicking activity on 
MMS-treated DNA. Similar specificity has been observed 
for endonuclease II (ref. 8). The specificity of the DNA 
N-glycosidase for 3-MeAde but not for 7-MeGua correlates 
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with the in vivo studies of Lawley and Warren”, showing 
that in E. coli 3-MeAde is lost much more rapidly than 
7-MeGua. $ 
Strauss et al.™ showed that crude extracts of M. luteus 
as well as of Bacillus subtilis are able to introduce single- 
strand breaks in alkylated DNA, and that unidentified 
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Fig. 2 Zone sedimentation profiles of PM2-DNA after in- 
cubation without enzyme (a) with DNA N-glycosidase (b), with 
endonuclease acting at apurinic sites (c) and with DNA. N-glyco- 
sidase then endonuclease for apurinic sites (d) *H-labelled PM2- 
DNA (17 nmol, 3.2107 c.p.m. pmol~) was alkylated with 
MMS as described by Strauss ez al.*° (0.0125 M for 31 min at 
37 °C), cooled to 0 °C and dialysed against 5mM K,PO, 
buffer (pH 7.5). This substrate is refered as MMS-DNA. The 
DNA N-glycosidase incubation mixture (150 ul) contained 
26 pmol of MMS-DNA in KPO, buffer 0.05 M (pH 7.5) 
and 0.066 units of DNA WN-glycosidase (fraction no. 16) 
incubation is for 20 min at 37 °C. To show the action of apurase 
the incubation mixture is as above, DNA N-glycosidase being 
replaced by 0.012 units of endonuclease for apurinic sites acting 
for 10 min at 37°C. Sequential action of the two enzymes is 
performed by incubating 0.066 units of DNA N-glycosidase for 
10 min at 37 °C, then adding 0.012 units of endonuclease acting 
at apurinic sites and incubating the mixture for an extra 10 min. 
For the action of the enzyme on native PM2-DNA conditions were 
the same, MMS-DNA being replaced by the same amount of 
native *H-labelled PM2-DNA. At the end of the incubation 
time the samples were cooled to 0 °C and layered on the top of 
a 4.8-ml sucrose gradient!* (5-20% in 0,02 M Tris-HCI, 0.002 M 
EDTA, 0.04 M NaCl (pH 7.08) over a 0.2 ml cushion of saturated 
CsCl. The samples were then centrifuged (rotor SW 50-1) for 
180 min at 4 °C at 43,000 r.p.m. (Spinco L2-75-B). Gradients 
were collected using an ISCO UAS fraction collector and 
counted in Scintigel (Roth). Separation was achieved at low 
salt concentration which allows the best separation at neutral 
pH*!. In these conditions, sedimentation coefficients were 
respectively 29S and 21S for superhelical and nicked forms**. 
Centrifugation in alkaline conditions although allowing even 
better separations!? cannot be used as they nick DNA at 
apurinic sites'®. But alkaline denaturation can be performed 
in the filter assay as time of contact is short (30 s) and without 
adverse effect (Table 1). 
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Table 1 Average no. of nicks introduced by various treatments of 


N PM2-DNA 
DNA treatment Average no. of nicks 

None (untreated DNA) 0.06 
DNA-+MMS-+ dialysis (MMS-DNA) 0.10 
MMS-DNA + incubation 0.15 
MMS-DNA-+ DNA. N-glycosidase 0.17 
MMS-DNA-+ endonuclease for apurinic sites 0.16 
MMS-DNA+ DNA N-glycosidase 

--endonuclease for apurinic sites 1.05 
Untreated DNA+ DNA N-glycosidase 

“++ endonuclease for apurinic sites 0.10 





PM2-DNA was alkylated by MMS, dialysed and treated with the 
various enzymes as duplicates of experiments described in Fig. 2. 
After incubation, samples were cooled to 0°C. The DNA was 

_ immediately denatured by alkaline treatment, renatured and filtered 
i thro nitrate cellulose filter as described previously'*, Single- 
stranded DNA arising from nicked molecules was retained on the 
filter, allowing calculation of the amount of supertwisted form in the 
‘incubation. mixture. The number of breaks (n) per molecule was 
derived from Poisson’s law, n = —in e, e being the fraction of 
“»femaining supertwisted molecules**. 


methylated sites are not substrate for the enzyme(s). 
These early experiments had not been devised to ascertain 
if incision of DNA occurred through a single or a two-step 
mechanism, however. Goldthwait’s group showed that a 
_ purified although non-homogeneous preparation of E. coli, 
endonuclease H, is active on a wide range of substrates*”"— 
it nicks depurinated DNA, releases 3-MeAde and O*- 
methylguanine from DNA reacted with N-methyl-N-nitro- 
sourea’, and also nicks unmodified DNA at high con- 
centrations’. Verly and Rassart* isolated an endonuclease 
in E. coli acting at an apurinic site which was obtained 
homogeneous and shown to be inactive on alkylated DNA. 
This endonuclease was found to be exonuclease III (ref. 
24), a single molecule carrying the two activities assayed 
independently with different substrates. Kirtikar et al.” 
isolated from ŒE. coli an apurinic acid endonuclease 
apparently the same as that isolated by Verly and Rassart* 
but they consider it not to be exonuclease III. In Æ. coli, 
another endonuclease acting at apurinic sites and lacking 
exonuclease activity (endonuclease IV) was obtained 
homogeneous and shown to be inactive on alkylated DNA’. 
The model of excision repair of alkylated DNA best 
supported by our data and the published data on the 
M. luteus system is shown in Fig. 3; part of this scheme 
was proposed as a hypothetical model by Lindhal’. On 
action of a variety of alkylating agents on DNA (Fig. 3a) 
at least N-7-guanine and N-3-adenine became alkylated” 
(Fig. 3b). 3-MeAde but not 7-MeGua is recognised by 
the DNA N-glycosidase. It cleaves the Ns C'I bond 
between the base and the deoxyribose, yielding a free 
3-MeAde and an apurinic site (Fig. 3c). In turn, the 
apurinic site is recognised by the endonuclease for apurinic 
site which nicks the DNA (Fig. 3d). It should be recalled 
that M. luteus endonuclease for apurinic site has no 
exonuclease activity. This could be a disadvantage as DNA 
ligase could act before the removal of the damaged 
nucleotide and thus produce an abortive repair. It is 
possible, however, that DNA binding proteins could prevent 
this abortive repair (Fig. 3e) as this has been already 
suggested in the repair of ultraviolet-induced damage’. 
The correxonuclease described by Kushner et al.** which is 
able to excise thymine dimers would be a good candidate 
to excise apurinic sites yielding a gap (Fig. 3e). The gap 
thus formed could be filled by a DNA polymerase” 
(Fig. 3f) and the continuity of the phosphodiester chain 
restored by a polynuclease ligase (Fig. 3g). This model 
has recently received experimental support in the repair 
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Fig. 3 Model for excision repair of alkylated DNA or uracil- 
containing DNA. a, Unmodified DNA; b, alkylation (MMS). 
giving 3 MeAde (A*) and 7-MeGua (G* i); c, specific release of 
free 3-MeAde yielding an apurinic site (DNA N-glycosidase); 
d, incision endonuclease for apurinic sites; e, a binding protein 
prevents abortive resealing; f, excision (correxonuclease)—this 

step could also occur directly after (d); g, repair replication 
(DNA polymerase); 4, resealing (DNA ligase). This model holds 
true for repair of uracil-containing DNA?! (A* being replaced 

y 


of DNA containing uracil where nicking is achieved by 
sequential action of uracil DNA N-glycosidase and 
endonuclease for apurinic sites*. Endonucleases acting at 
apurinic sites have been described in. calf thymus’, HeLa 
cells and human placenta”. A human binding protein 
for ultraviolet irradiated DÑA” and a correxonuclease™ 
are described in human placenta. Therefore, our model 
could also be true for repair in mammalian cells. of 
alkylated DNA, even if so far no mammalian DNA 
N-glycosidase has been described. 

In animals treated with alkylating carcinogens (see 
review 32), certain organs such as the liver seem to be 
much more resistant to tumourogenesis than the brain or 
the kidneys. Appearance of tumours is correlated with 
the persistance of alkylated bases. This suggests that 
chemical cancerogenesis could be related to defective 
repair mechanisms such as inefficient cellular DNA 
N-glycosidase. 
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Mass spectrometric determination 
of molecular formulas for 
membrane-modifying antibiotics 


THE peptide antibiotics alamethicin and suzukacillin, together 
with gramicidin A are of considerable biological interest as they 
facilitate ion transport across membranes by a mechanism involv- 
ing pore or channel formation in the membranes*~?. In discussing 
their mode of action it is, of course, necessary to consider the 
antibiotics’ structures and such discussions have been hampered, 
especially for alamethicin'*-’, by incorrect structures originally 
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proposed for the antibiotics. Thus, the earlier structures proposed 
for valine-gramicidin A and isoleucine-gramicidin A®? were 
revised to 1 and 2 (Fig. 1) following the detection of N-terminal # 
formyl and C-terminal ethanolamine groups!®, and earlier struc- 
tures! +12 proposed for alamethicins I and H have recently been 
revised to 3 and 4 (ref. 13) following the discovery of N-terminal 
acetyl and C-terminal phenylalaninol groups'*!5. (The partial 
structure proposed for suzukacillin'® will probably also be revised 
in view of the newly reported structure for alamethicin’ >.) Muchof 
the difficulty in assigning structures to these antibiotics has derived 
from an inability to determine accurate molecular formulas, We 
have until recently been hampered by the same problem in our 
studies of the structures of antiamoebin I (5) (ref. 17) and 
emerimicins HI and IV (6 and 7) (ref. 18), new peptaibophol 
antibiotics [peptide antibiotics containing several moles of a- 
aminoisobutyric acid (Aib) and a C-terminal phenylalaninol 
(Phol) unit] which have been shown to have similar membrane- 
modifying properties (P. Mueller, personal communication). We 
have developed, and describe here, a new technique, a modification 
of field desorption mass spectrometry'®:?° involving cation ex- 
change, which has allowed us to assign molecular formulas directly 
to these peptide antibiotics and their derivatives in the 1,500-2,100 
molecular weight range. 

The cation exchange technique involves adding, systematically, 
a series of alkali metal salts to solutions of the compounds whose 
FD mass spectra are being determined, and observing the resulting 
shifts in the molecular ion region due to cationation. The technique 
was developed during our extensive studies on the membrane- 
modifying peptide antibiotic antiamoebin I, whose structure has 
now been shown?! to be 5. We found it difficult to assign the 
antibiotic a definitive molecular formula, either from its con- 
stituent amino acids or from the highest mass ion in the FD mass 
spectrum of its triacetate, at m/e 1,818 (peak matched against 
the m/e 1,790 peak (C3sHisFeoN3sO5P3) from hexakis 
(2,2,3,3,4.4,5.5,6,6,7,7, - dodecafluoro - | - heptoxy)cyclotriphos- 
phazene?’), which shifted to m/e 1,860 and 1,902 in the FD mass 
spectra of the tripropionate and tributyrate, respectively. 

The masses for the triesters would correspond to a molecular 
weight of 1,692 for antiamoebin |, which did not agree with any of 
the possibilities under consideration! ”. But, m/e 1,692 would fit for 
a sodium adduct of one of the considered potential molecular 
weights, m/e 1,669 (Cg,H,27N,7O29). To test this hypothesis 
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3: Ac-Aib-Pro-Aib-Ala-Aib-Ala-Gln-Aib-Val-Aib-Gly-Leu-Aib-Pro-Val-Aib-Aib-Glu®G]In-Phol 
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5: Ac-Phe-Aib-Aib-Aib-Ival-Gly-Leu-Aib-Aib-Hyp-GlIn-Ival-Hyp-Aib-Pro-Phol 
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6: Ac-Phe-Aib-Aib-Aib-Val-Gly-Leu—Aib-Aib-Hyp-Gln-Ival-Hyp—Aib—Phol 





7: Ac-Phe-Aib-Aib-Aib-Val-Gly-Leu-Aib-Aib-Hyp-Gin-Ival-Hyp-Ala-Phol 


Fig. 1 


1, Valine-gramicidin A; 2, isoleucine-gramicidin A: 3, alamethicin 1; 4, alamethicin H; 5, antiamoebin 1:6, emerimicin IH; 7,emerimicin IV. 


All optically active amino acids and phenylalaninol units shown have the L configuration except those marked D. Aib, x aminoisobutyric acid; Phol, 
phenylalaninol; Ac, acetate. 
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Fig. 2. Field desorption mass spectra of antiamoebin I triacetate in the molecular ion region: a, with added lithium chloride (26 mA); b, with added 
sodium chloride (23 mA); c, with added potassium chloride (21 mA). Peaks due to a small amount ofa homologue, antiamoebin II, can be observed : 
14 AMU below the major peaks. 


antiamoebin triacetate was treated with a saturated methanolic 
solution of potassium chloride and a 50% saturated solution of 
fithium chloride. The triacetate’s m/e 1,818 peak (M + Na; Fig. 2, 


“by'was displaced to m/e 1,834 (M+K; Fig. 2, c) and m/e 1,802 


(M +Li; Fig. 2, a), respectively. In the case of lithium chloride, 
peaks at higher masses corresponding to (M+Li+LiCl and 
(M + Li + 2LiCl) were also observed (Fig. 2, a), at 1,844 and 1,886. 
(Addition of rubidium chloride can be even more helpful, since 
there are two rubidium isotopes (#5Rb and ®’Rb; isotopic 
abundance 2.51:1). In the case of antiamoebin I triacetate these 
gave M+ Rbions at m/e 1,880 and 1,882.) 

The intensities of molecular ion peaks were vastly enhanced by 
this treatment and enormously more durable. (Lithium salts have 
been added previously, using the FD technique at low resolution 
with known compounds, to adenosine (molecular weight (MW) 
267)73 and to sucrose (MW 342) and loroglossin (MW 742) (ref. 
24). The triacetate’s m/e 1,818 peak was matched against the peak 
at m/e 1,720.9514 (C34HigFs6N3O¢P3) in the FD spectrum 
of bis (dodecafluoroheptoxy) tetrakis (octafluoropentoxy)- 
cyclotriphosphazene’? at high resolution to give the value 
1,818.9596, in good agreement with that calculated for the 
expected CggH,33N,702;Na. 

The technique works equally well on antiamoebin itself. Adding 
sodium, potassium and lithium chloride solutions to antiamoebin 
I gave strong FD peaks at m/e 1,692 (M + Na), 1,708 (M +K) and 
1,676 (M + Li), while addition of sodium chloride solutions to the 
tripropionate and tributyrate greatly enhanced the peaks at m/e 


— 1,860 and 1,902 (M + Na). 


The cation exchange technique shows the molecular formula of 
the membrane-modifying emerimicin IV (6) (ref. 25) to be 
Co7Hy290Ni6019 (MW 1,572) by an (M+Na) ion at m/e 
1,595.8930 and an (M +K) ion at m/e 1,611, while its triacetate 
gave an (M+ Na)ion at m/e 1,72] andan (M + K)ionat m/e 1,737. 
Emerimicin IHI (7) (ref. 25), also a membrane-modifier, gave an 
(M+ Na) peak at m/e 1,581.8655. 

Alamethicin isa mixture of two antibiotics, alamethicins I and H 
(3 and 4) (ref. 13), each containing a free carboxyl group, and its 
cation exchange FD mass spectra are more complex. The mixture 
gave peaks for alamethicin 1 (Co2HisoN2202s) at m/e 1,984 
(Mi + Na —H)and 2,007 (M1 + 2Na — H) and corresponding peaks 
for alamethicin H (CosH1s2N22025) at m/e 1,998 and 2,021 in the 
presence of sodium chloride. Similar peaks were found at m/e 2,000 
(Mi + K — H), 2,014 (Mu + K — H), 2,039 (Mi + 2K — H) and 2,053 


+ (Mn+2K-—H) in the presence of potassium chloride, while 


alamethicin acetate gave peaks at m/e 2,026 (Mi + Na — H), 2,040 
(Mu + Na — H), 2,049 (M! +2Na — H) and 2,063 (M +2Na — H) 
in the presence of sodium chloride. 

Finally, sodium chloride-treated gramicidin A gave FD peaks at 
m/e 1,903 (M + Na for valine-gramicidin A, CooH140N20017, 1) 


and at 1,917 (the same peak for isoleucine-gramicidin’ A, 
C100H142N20017, 2), while treatment with potassium chloride 
shifted these peaks to m/e 1,919 and 1,933{M +K for valine-.and 
isoleucine-gramicidins A, respectively). 

We are now extending our studies to establish the scope of the 
cation exchange procedure in assigning molecular weights to 
additional antibiotics and to compounds of other structural 
classes of high molecular weight or low volatility. 

This work was supported by the US NCI and the National 
Institute of Allergy and Infectious Diseases. 
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New rapid gel sequencing method for RNA 


METHODS for sequencing nucleic acids have improved signi- 
ficantly in the last few years due to the development of rapid ‘read- 
off gel methods. The first method to be developed was the ‘plus and 
minus’ copying method for DNA‘ and an analogous copying 
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method for RNA now exists’, A different and more direct method 
for sequencing DNA has been developed?, but no direct method is 
available for RNA. We have developed such a method and here we 
describe its use in establishing the sequence of tyrosine tRNA of 
Bacillus stearothermophilus. This sequence is especially interesting 
as the tyrosine tRNA and its specific synthetase in B. stearo- 
thermophilus offer an attractive experimental system for studying 
the specific interaction of tRNA and synthetases, which is now 
possible because of progress in studying the three-dimensional 
structure of the protein by X-ray crystallography*. 

Classical radioactive sequencing methods? applied to uniformly 
32P.labelled tRNA were used initially to sequence the products of 
complete T, or pancreatic RNase digestion (Table 1). Only brief 
reference to this work is made here as an extensive report will be 
published elsewhere (R.S. B. in preparation). 

Overlapping of the products in Table 1 was achieved by the 
development of the new sequencing procedure, which is similar in 
principle to that used by Maxam and Gilbert for DNA? except that 
enzymatic rather than chemical methods were used to degrade the 
RNA and to define the base-specific point of cleavage. Thus the 
design of the experiment was to label the RNA at its 5’ terminus 
with 3*P-phosphate and partially digest separate aliquots with 
either T, RNase (G-specific), U, RNase (A-specific in partial 
conditions), pancreatic RNase (C + U-specific), or RNase I from 
Physarum polycephalum’. Phy 1 RNase is less well known than the 
other enzymes and it emerged’''? that its base specificity was such 
that it could cleave at all residues except C. Hence we refer to its 
activity as minus C (—C). The digests were then fractionated in 
adjacent slots of a 20%, denaturing acrylamide gel. The base 
specificity of these four enzymes should provide enough infor- 
mation to allow the sequence to be ‘read-off from the resultant 
autoradiograph. 

Figure | shows the purification of 3*P-5’ end-labelled tRNA 
using y->*P-ATP and T4 polynucleotide kinase by acrylamide gel 
electrophoresis. In addition to intact tRNA™ (band 1), many 
degradation products were present in lower yield. Bands 1 and 2 
were selected for sequence analysis. Figure 2 shows the sequencing 
method applied to the 5’ end-labelled fragments of tRNA ™ (Fig. 
1, band 2) which was identified as deriving from residues 38-85 in 
the finally deduced sequence (Fig. 4). The enzymatic degradations 
are identified as G, A, C +U and —C (performed in duplicate and 
applied at separate times so as to maximise resolution of both fast 
and slow moving bands). A fifth slot (hot formamide degradation) 
giving a ladder (L) of every possible intermediate was also 
included. Hot formamide degradation (P. H. Hamlyn, personal 
communication) is preferable to partial alkaline hydrolysis for this 
purpose as it gives oligonucleotides with the same 2’, 3’-cyclic 
phosphate end group as in the enzymatic degradations. Partial 
alkaline hydrolysis with strong base, on the other hand, gave both 
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2’,3’-cyclic phosphate and a mixture of 2’ and 3’ phosphate end 
groups which separated from one another and confused the ladder _ 
in the size range of I-10 on the acrylamide gels. ¥ 

The sequence may be read from residues 38-83 with the single 
ambiguity X63, due to the presence of a minor base (see below). G 
residues are identified without difficulty from the highly specific G 
slot. ‘A’ residues are usually present in the A slot as strong bands, 
although also present are some G and pyrimidine bands. Thelatter 
are clearly distinguishable by their low yield and by the presence in 
the G or C+ U slots. The pyrimidine residues are more difficult to 
identify than the purines, although the C + U and —C slots can be 
‘read’ together to give the correct sequence. C residues are 
identified by their presence (usually as strong bands) in the C + U 
slot and by their absence (or low yield) in the —C slot. U residues 
are identified by the presence of a band in both C + U and —Cslots. 
Usually U residues are stronger in the — C slot than the C + U slot. 
In this particular experiment the presence of a band, C65, in the 
—C slot (as well as in the G and A slots) is misleading as it was also 
present in a control line (not shown) and derived by nonspecific 
degradation of the RNA during its purification and storage, The 
sequence overlapped and was in complete agreement with the data 
in Table 1, apart from the identification of modified bases and the 
last two residues at the 3’-end. X63 was clearly the T residue of the 
oligonucleotide t9 (Table 1) and was presumably resistant to 
digestionsin the C + U and — C slots in the partial conditions used. 
Both 'P residues (residues 40 and 64) behaved like U residues, and 
the hyper-modified ms7i®A (residue 38) was only a weak band in 
the A slot. 

Figure 3 shows the sequence analysis of intact tyrosine tRNA 
(Fig. 1, band 1). In this case the sequencing was more difficult than 
with the fragment as some degradation products were absent or in 
low yield. This presumably reflected the inability of the enzymes to 
attack helical regions in the structure. Preliminary experiments 
with brewers yeast tRNA™ had shown that a more even intensity 
of the bands was present in the G and C+ U line if 70% dimethyl 
sulphoxide (DMSO)? at 37 °C was used to denature the tRNA. 
Unfortunately DMSO could not be used for studies on tRNA™* 
because of a ‘band doubling’ phenomenon on the gels, which 
seemed to be caused by oxidation of the s*U residue not present in 
tRNA? Further studies showed that 70% formamide could be 
used as an alternative but was not quite as effective as the DMSO. 
Thus Fig. 3 includes several variations in the conditions of 
enzymatic degradation: ‘C +U, condition 3’ was a reaction in 
formamide and was a slight improvement over the other two 
aqueous digestions; ‘—C, conditions 1 and 2’ and ‘C+U, 
conditions | and 2’ were variations in the amount of enzyme or 
time of digestion in a further attempt to obtain as even a spectrum 
of products as possible. The sequence can, nevertheless, be read 
from Fig. 3 from residues 2 to 34 with only four ambiguities—at 


Table 1 End products of T, and pancreatic RNase digestions of tRNA™ 
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Uniformly *?P-labelled tyrosine tRNA (B. stearothermophilus, NCIB 8924) was purified by acrylamide gel electrophoresis (R.S.B., in preparation) and 
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fingerprints of T; and pancreatic RNase digestions were prepared using two-dimensional electrophoresis (cellulose acetate at pH 3.5 followed by 
DEAE-cellulose ionophoresis using 7% formic acid). Oligonucleotides were sequenced by standard methodsî. Minor bases were identified by their 


chromatographic properties on thin layers®. 
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h C -— Band 1 


Fig.1 15% acrylamide gel electrophoresis in 7 M urea of 5’-*?P- 
labelled tRNA™", B marks the xylene cyanol FF dye marker. Bands | 
and 2 were eluted for sequencing. 60 pg tRNA™ was incubated in 
40 ul solution (pH 8.0) containing 10 mM Tris-HC1,0.1 mM EDTA, 
10 ug bacterial alkaline phosphatase (Sigma) at 37 °C for 1 h. 10 yl 
nitrilotriacetic acid (40 mM) was added and the solution dried down 
by heating (100 °C in an open tube for about 3 min). The residue was 
dissolved in 100 ul solution (pH 9.5) containing 50 mM Tris-HCl, 
10mM MgCl, 5mM dithiothreitol, 40 units T4 polynucleotide 
phosphokinase (P.L. Biochemicals) and 4.5 uM y-*2P-ATP (210 
Ci mmol” ') (Radiochemical Centre, Amersham) and the mixture 
was incubated at 37°C for 15min. An equal volume of 
formamide—dye mixture? was added, the mixture heated at 100 °C for 
2 min and loaded ona 15% acrylamide—7 M urea gel. Electrophoresis 
was at 600 V for 12 h. Bands indicated (1 and 2) were eluted at 37 “C 
for 2h using 0.5 M ammonium acetate (pH 7.0), 0.1 mM EDTA 
containing 0.5% SDS and carrier tRNA. After ethanol precipitation 
(twice overnight at —20 °C) the RNA samples were dissolved in 
distilled water and stored at —20°C in 1 ug yl! carrier tRNA 
concentration. 


X17, X23, Py33 and Py34. The unusually wide spacing between 
positions 16 and 18 indicated a missing band (X17) in all slots, 
including the ‘ladder’. From the sequence read from residues 15 to 
18 on the gel, this missing band is clearly identified as correspond- 
ing to the 2’-O-methylguanosine of t5, U-Gm-G (Table 1). X23 
clearly corresponds to m!A in oligonucleotide t11. This m'A is 
known to be almost completely resistant to Ua RNase’°—hence it 
fails to appear in the A line. Residues 33 and 34 could only be 
identified as pyrimidines. Beyond residue 34 the sequence could 
not be read, mainly because of ‘missing’ bands caused by the 
secondary structure of the t(RNA™, 

The sequences derived from the sequencing gels (Figs 2 and 3) 
did not overlap with one another, but they could be overlapped 
with the long T, RNase fragment (t13 of Table 1) to deduce the 
complete sequence (Fig. 4). 

The rapid gel sequencing method described here is probably 
capable of improvement. With the present technology it may not 
yet be absolutely accurate without confirmatory data from more 
classical methods. There is no problem in assigning purine residues 
(G and A), but pyrimidines (C and U) are sometimes difficult. A 
correct sequence was read for all residues, however, including 
pyrimidines, in the sequencing gels presented here for tyrosine 
tRNA. Additional information which may help in the assignment 
of pyrimidine residues is available from the detailed kinetic studies 
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of Pilly er al.” on model dinucleotides with the Phy I RNase. 
Briefly, the nature of the base on the 3’ side (N) of the cleavage has 
differential effects on the hydrolysis of the CpN and UpN bonds. 
Also, C and U residues have differential effects on the rate of 
hydrolysis of the internucleotide bond, depending on the base (G 
or A) to their 5’ side. Although this detailed information was not 
used to read the gels reported here, it might be important in other 
applications of the method. 

The method would be improved if other enzymes were available 
to distinguish C and U residues that had a simpler specificity than 
Phy 1 RNase. Human RNase C"! was tested but did not distinguish 
C and U residues. In theory the water-soluble carbodiimide (N- 
cyclohexyl-N’-(methylmorpholinium)-ethyl carbodiimide-p-to- 
luene sulphonate), which blocks the action of pancreatic RNase 
at U residues, should be useful. But this would depend ideally on 
chemical modification of the RNA by this reagent approaching 
100%. In addition de-protection of the RNA should be achieved 
without concomitant nonspecific breakdown of internucleotide 
bonds. Both these points pose technical difficulties that have not 
yet been overcome. A further factor that would undoubtedly 
improve the sequencing method would be to define fully denatur- 
ing conditions for the RNA which were still compatible with the 
activity of the RNases. This should even-out the intensity of the 
bands on the gels and thus make ‘reading’ easier and more reliable. 
We observed that U and Phy I RNases were more sensitive to the 
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Fig. 2 Sequence analysis of ‘fragment’ of tRNA™. L shows the 
‘ladder’ obtained by heating | ug RNA in ‘AnaLav’ formamide 
(10 ul, 100 °C for 30 min). Enzymatic hydrolyses were carried out 
using | wg RNA in 10 ul reaction volume as follows: G, 0.2 units 
(U)T, RNase, 0.1 M Tris-HCI, 10 mM EDTA, pH 7.5, 0 “C, 30min; 
A, 0.1 U U;RNase, 50 mM sodium acetate, 2mM EDTA, pH 4.5, 
0 °C, 30 min; C+ U, 0.1 ng pancreatic RNase, pH 7.5 buffer (as for 
T, RNase), 0 °C, 30 min; —C, 1 «l 7 U ml“! Phy I RNase in 40% 
glycerol was added to | ug RNA in 94l 10 mM sodium acetate, | mM 
EDTA buffer (pH 5.0). room temperature, 15 min. Reactions were 
stopped by adding 15 yl formamide-dye mixture and heating at 
100 °C for 1 min. Two separate loadings of each sample at different 
times were used. Gel electrophoresis was carried out on a 20%, 
acrylamide-7 M urea gel* using about 30,000 d.p.m. per reaction. A 
sensitive ‘prefogging, screen’ procedure was used for radioauto- 
graphy (R. Laskey, personal communication). 


partially denaturing conditions used than were T, or pancreatic 
RNases. Neverthless tRNA isa particularly difficult example with 
its ‘tight’ structure, and many RNA molecules to which the 
method is applicable would have far less secondary structure. 
The technique described here compares favourably in its 
rapidity and sensitivity (less than 0.1 «Ci RNA per gel is needed) 
with the plus and minus method for RNA?: furthermore it is 
independent of any requirement for oligonucleotide primers?. 
Although we do not claim that the method is 100°, accurate, it is 
promising enough to apply to other RNA molecules. There is no 
doubt that it is the easiest way of establishing a tentative new 


sequence, which could be confirmed by more classical methods if 


necessary. The method in principle is also applicable to 3’ 
terminally-labelled RNA. Preliminary results have shown that °P 
3’-labelled tRNA" (labelled using x-°°P-ATP and the enzyme 
tRNA nucleotidyl transferase'*) is suitable; *H-borohydride 
labelled RNA’? is more generally applicable and we expect this 
also to be a suitable substrate. The flexibility of using either 5’ or 3’ 
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Fig.3 Sequence analysis of intact tRNA. Letter symbols are as 

described in Fig. 2. Three separate experiments with pancreatic 

RNase (C + U, (1) 0.3 ng, (2) 0.5 ng enzyme as in Fig. 2, (3) 0.5 ng 

enzyme in 70% aqueous buffered formamide, 37 °C, 30 min): two 

with Phy I RNase (1 ul enzyme solution, for 5 min and for 20 min) 
were performed. 
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Fig. 4 Sequence oftRNA™ of B. stearothermophilus. 


labelled material should allow the sequencing method to be 
extended to larger RNA molecules, such as 5S RNA and larger, 
although there is still a limitation of about 150-200 residues? in the 
resolution so far obtained in sequencing gels. Finally the method 
has the potential (not explored here) of probing for conformation 
of RNA in solution in physiological conditions. Further, the band 
pattern characteristic of the conformation of the tRNA is likely to 
be altered when the molecule is complexed with its specific amino 
acid synthetase. This should give important insight into the 
specificity of recognition in this tR NA-protein interaction. 

While this work was in progress Gupta and Randerath!? 
reported a related method using thin-layer chromatography on 
PEI-cellulose to ‘read off sequences of up to 20 residues in length. 
As Phy I RNase was not used, however, the method was more 
cumbersome and relied on two-dimensional methods to distin- 
guish the pyrimidine residues. After submission of this report a gel 
mapping procedure for guanine and adenine residues was re- 
ported'®, but a complete sequence could not be established as no 
method was presented for distinguishing pyrimidine residues. 

We thank Professor W. Fiers for suggesting the use of Phy I 
RNase, and Dr J.-P. Bargetzi for providing the enzyme. A.S. isa 
visiting UNESCO Scholar from the Institute of Biophysica, 
Hungarian Academy of Sciences, Szeged. 
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Doing Better and Feeling Worse. 
_ Edited by J. H. Knowles. Pp. 287. 
. W. Norton: New York, 1977.) 
Hardback $9.95; paperback $3.95. 























1s interesting collection of essays 
itten by leading personalities in the 
ds of medicine, politics, economics 
d the social sciences presents an 
alysis of opinion of the state of 
dicine in the United States. As such, 
rarely refers to work in other 
untries but in discussion of such 
pects as health insurance, the place 
f private medicine and development of 
raining for primary care it will be of 
nterest to alf those concerned with 
evelopment of health policies in a 
umber of countries. 

The book was written following an 
nvitation by Nelson Rockefeller in his 
apacity as Vice-President and Chair- 
an of the Commission on Critical 
for Americans to John 
nowles, President of the Rockefeller 
‘Foundation, to organise a group to 
study the problems of health care. A 
“number of the contributions were first 
submitted as drafts prepared for study 
by the Commission. 
. The book covers a wide range from 
the apparent increase in “‘medicalisa- 
- tion” of American society, ethical 








does not equal better health. The best 
estimates are that the medical system 
(doctors, drugs, hospitals) affects about 
10% of the usual indices for measuring 
health: whether you live at all (infant 
mortality), how well you live (days lost 
due to sickness), how long you live 
(adult mortality)’. He continues by 
saying that since the other 90% are 
affected by life-style and social and 
environmental conditions, “most of the 
bad things that happen to people are at 
present beyond the reach of medicine”. 
Walsh McDermott, in his chapter 
entitled “Evaluating the Physician and 
His Technology”, takes this point a bit 
further by saying that it is wrong to say 
that the personal encounter physician 
has little influence on health but he 
lacks influence on the indicators of 
community health largely devised in the 
eighteenth, nineteenth and twentieth 
centuries for a different purpose. He 
continues, however, by saying that we 
in fact lack measures of the physician’s 
ability to ‘“‘modulate the deranged 
physiology of ultimately fatal chronic 
disease”. McDermott’s conclusion on 
the note that doctors play, coincides 
with that of several other authors. 
Another valuable point made by 
several authors is that a half-way stage 
has been reached in the development 


of medicine. Major advances have been 
made but the gains in the past have 
been fairly minimal compared with 
what might be expected in future. The 
book contains the underlying messages 
of the need to change life-style and the 
false expectations that populations have 
of medicine. Further points particularly 
mentioned by David CaHahan in his 
chapter, “Health and Society: Some 
Ethical Imperatives”, are “the break- 
down of the ethical distinction between 
need and desire in our culture” and also 
“the continuing utopian lure of tech- 
nology, a lure whose net effect is to 
thwart any attempt to place limits on 
medical aspirations”. 

This book, despite its impressive 
variety of subject matter, does not 
really state much that is new. The 
particular question, however, that 
comes to mind is can such publications 
as this and that of McKeown, Cochrane 
and Illich have any influence on con- 
sumers, providers, or governments; and 
if they can, will this result in greater: 
rationalisation of requirements for 
health care? i) 





W. W. Holland is Professor in the Depart- 
ment of Community Medicine at St 
Thomas’s Hospital Medical School, 
London, UK. 











tors such as the right to die—in 
his particular chapter, “Therapeutic 
‘hoice and Moral Doubt in a Techno- 
ogical Age’”’, a detailed description of 
he Karen Quinlan situation is given— 
o the place of science and technology, 
he responsibility of the individual, the 
challenge of primary care, a look at 
-political aspects of health policy (in- 
cluding relationships between govern- 
ment), the consumers and the providers, 
< and the role of the physician. The book 
also includes chapters covering financ- 
ing, research, the needs of children and 
of mental health. 
The major theme of several of these 
essays does not vary much from that 
prepounded by Thomas McKeown in 
his recent text The Role of Medicine 
& or that of Ivan Illich in Medical 
Nemesis; The Expropriation of Health. 
Aaron Wildavsky, author of the 
-chapter entitled “Doing Better and 
Feeling Worse: The Political Pathology 
of Health Policy”, states that the great 
-equation Medical Care equals Health is 

wrong. “More available medical care 






Control of cellular differentiation 





The Differentiation of Cells. By N. 
Maclean. Pp. iii+216. (Edward 
Arnold: London, 1977.) Hardback 
£12; paperback £5.95. 





Tuis volume, the first of a series 
entitled Genetics-Principles and Per- 
spectives, covers one of the central 
problems in developmental biology— 
the control of cell differentiation. 
There are now several recent texts 
which cover aspects of the control of 
gene expression in developing systems. 
The present volume presents a wide 
ranging view of current problems. 

The first chapter discusses multi- 
cellularity in relation to the evolution- 
ary significance of differentiation. 
Thereafter, the chapters cover differ- 
ential gene expression, control 
mechanisms in gene expression, the 
cytoplasm in differentiation, the role of 


hormones, episomes and viruses, the 
cell surface, and cancer and differen- 
tiation. The book ends with the author’s 
views of the important unanswered 
questions in this field and the experi- 
mental systems that hold special 
promise for their elucidation. 

The wide range of subject matter 
reflects the enormous range of controls 
which may operate in the orderly pro- 
gression of cells to their terminally 
differentiated states, and the main- 
tenance of these states once achieved. 
A major aspect of the control of cell 
differentiation is the regulation of gene 
activity. In introducing the problem of 
differentiation Dr Maclean emphasises 
most strongly that ‘differential gene 
activity may be a result of differentia- 
tion, rather than its causal. mechan- 
ism”. 1 found this introduction 
confusing because the terminology is 
not defined. It is unfortunate that the 








838 


book does not have a glossary, since, as 
the author points out in the case of 
heterochromatin, the implication of 
particular terms can change with time. 

The subject material is laid out in a 
readily accessible manner and pro- 
fusely ‘illustrated with diagrams. The 
significance of some of the illustrations 
to the text (for example, the fibre auto- 
radiographs p. 94) is, however, not 
clearly stated, and in the section on 
histones only the old nomenclatures 
are used. At various places the clarity 
of information has been enhanced by 
tabulation, though this format in some 
cases (for example, observations ex- 
plicable by the master-slave hypothesis) 
has limited discussion of points which 








may have alternative explanations. 

A wide range of experimental sys- 
tems and approaches have been used 
throughout the text. Perhaps as a con- 
sequence of this there are places where 
advanced students will need greater 
detail. The questioning style in which 
the text is presented should motivate 
the undergraduates and graduates for 
whom it was written to follow up the 
references to specialist reviews, and 
stimulate them to deeper consideration 
of the complex but intriguing prob- 
lems of cell differentiation. 

C. C. Ford 





C. C. Ford is Lecturer in Developmental 
Biology at the University of Sussex, UK. 











Lunar 
science 


The Moon Book: Exploring the 
Mysteries of the Lunar World. By 
Bevan M. French. Pp. 287. (Penguin : 
New York and Harmondsworth, UK, 
1977.) $4.95: £1.95. 





Tuis is a book for the layman, as might 
be guessed from the name of the pub- 
lisher rather than from the presump- 
tuous title. A reader who has some 
general acquaintance with the Earth 
sciences, however, will find consider- 
ably greater profit in it than the ‘intel- 
ligent layman’ who starts from a state 
of near-total ignorance. 

May natural inclination was to turn 
first to chapter 10, entitled, “The Lunar 
Interior: Mapping with Echoes”. It 
contains a disappointing discussion of 
deductions made from geophysical 
evidence about the lunar interior. The 
seismic evidence which has been in- 
cluded seems to be a simplified rehash 
of the appropriate section of Ross 
Taylor’s 1975 book, referenced in the 
bibliography. 

There are some elementary errors, 
such as the statement that the inner 
core of the Earth is under a pressure of 
nearly a million atmospheres—in fact, 
it is over three million atmospheres— 
and a confusion between kilometres and 
miles in the figure showing cross- 
sections of the Earth and Moon. But 
the worst error I found was in the dis- 
cussion about the Moon’s ancient mag- 
netic field, and whether it could have 
been provided by a molten iron core 
which has since frozen. French sug- 
gests this is unlikely because, “A large 
body like the Moon loses heat only by 
the slow conduction of heat through 
its interior.” Ignorance of modern ideas 
about convection in planets, with the 
consequent ability for planetary in- 
teriors to lose heat at rates several 
orders of magnitude above conduction 


rates, is appalling in a work of this 
kind. 

The author also seems to confuse the 
ideas of a lunar asthenosphere and a 
possibly molten lunar core. Deep moon- 
quakes occur in a zone between 600 
and 1,000km from the surface, 
whereas the lunar radius is 1,738 km. 
Seismic signals penetrating below this 
depth have rarely been observed. This 
suggests attenuation in a region where 
the pressure is similar to that in the 
Earth’s low velocity zone, at a depth 
of around 100km; so, by analogy it 
may be inferred that the lunar mantle 
at 1,000 km depth must be in a similar 
state to the material in the Earth’s low 
velocity zone, possibly including some 
partial melt, in order to cause the 
seismic attenuation. Best estimates for 
the Moon’s moment of inertia factor, 
plausibility arguments about planetary 
heat transfer and another tenuous piece 
of seismic evidence, not available to 
Ross Taylor, combine to suggest that if 
the Moon does have a metallic iron 
core, it is probably solid and not more 
than 500 km in radius. 

In the rest of the book the author is 
on more familiar ground. He gives a 
very readable account of the pre- 
Apollo ideas of the Moon’s origin and 
history, the Apollo missions themselves, 
and the knowledge gained from studies 
of the returned samples of rock and 
lunar soil. A set of thirty-six black and 
white photographs illustrate the story 
well. The final chapter rounds off the 
book nicely with a discussion of future 
developments. 

I can recommend this book for 
general reading provided that the more 
technical reader bears in mind the 
author’s qualifications as a geologist 
and geochemist. It would benefit sub- 
stantially from a rewriting of chapter 
10, possibly by a co-author. 

Neil R. Goulty 





Neil R. Goulty is Research Associate at 
the Department of Geophysics and Plane- 
tary Physics, University of Newcastle- 
upon-Tyne, UK.. 
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Plasma low 
density lipoproteins ` 


Low Density Lipoproteins. Edited by 
C. E. Day and R. S. Levy. Pp. xx+445. 
(Plenum: New York and London, 
1977). $47.40. 





Tuts book, written by several authors, 
provides up-to-date information on the 
structure and metabolism of plasma 
low-density lipoproteins (LDL), to- 
gether with an examination of their 
comparative biology and their relation- 
ship to disorders of lipid metabolism 
and atherosclerosis. The material 15 
grouped in five sections, comprising 
a total of 15 chapters which provide 
good critical coverage of the various. 
topics. wee 

The reader is likely to appreciate 
the efforts of the editors, authors, and 
publisher to condense a large body of. 
information into a single, well- 
organised volume. For example, the 
section devoted to the discussion of 
“Aberrations of Metabolism” presents 
a rather detailed description of the 
pathogenesis and treatment of a few. 
selected genetic disorders, identified as. 
hyper-B and hyperpre-8  lipopro- 
teinaemia, type III hyperlipopro- 
teinaemia (also known as “broad B. 
disease” or dysbetalipoproteinaemia), 
and abetalipoproteinaemia, together 
with an analysis of the variarits of 
LDL with particular reference to the 
Lp(a) antigen. 

The section on “Comparative Bio- 
logy”, which gives a good overview on 
the LDL of mammalians and non- 
mammalian vertebrates, is of particular 
interest. Concerning atherosclerosis, a 
useful discussion is presented on the’ 
interactions in vitro of LDL with 
either small polyanions (heparin and 
dextran sulphate) or macromolecules | 
(collagen and elastin); these interactions 
are believed to play a role in the 
deposition of LDL in the arterial wall 
and in atherogenesis. 

Perhaps the least rewarding section 
for both authors and readers may prove 
to be that dealing with LDL structure, 
since much of the current information, 
particularly on the LDL protein, is 
rather uncertain and is still the subject 
of an active research pursuit. 

Overall, this is a good book, 
especially for investigators in the lipo- 
protein field who are likely to find both 
the condensed information and the 
more than 1,500 citations very valuable 
for their work. 






Angelo M. Scanu 





Angelo M. Scanu is Professor in the 
Departments of Medicine and Bio- 
chemistry, University of Chicago, Pritzker 
School of Medicine, Chicago, Illinois. 
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plying physics 
y chemistry 


dern Physies in Chemistry. Vol. 1. 
E. Fluck and V. L 
Pp.xiii+406. (Academic: 
w York, San Fransisco and London, 
A) £18.50; $36.10. 





wars is a collection of papers intended 
describe the basic principles of some 
” the experiments | of modern physics 
hich have. in the past decade been 
lied with.such signal success to the 
blems of chemistry. Tt is not, as 
ld, easily have happened, primarily 
£ llection of the various new spec- 
s, although inevitably re- 
methods feature strongly. 


his i is not a unified, critical or com- 
text which would serve, say 


yent for there is ee for well 
tten interdisciplinary teaching books 
this kind. It may, however, be in- 
esting for the researcher to. have 
nder one cover such a collection of 
weviews which, though they are now 
ather dated (the manuscripts. were 
tollected in 1973), provide a useful in- 
ght into the Russian literature in 
ome of the areas. 

Two chapters on X-ray spectroscopy 
divide into valence shell and band 
structure and core level shifts, res- 
o They are, however, really 
oo brief to provide -a useful 
















Gas F 
thromatograph 
methodology 


“Modern Practice of Gas Chromato- 
graphy. Edited by R- L. Grob. Pp. 
(Wiley-Interscience: New York and 
London, 1977.) £16; $28.: 


THERE are now so many good books on 
the theory and practice of gas chro- 
matography that a newcomer. to the 
ranks must be of high quality indeed 
to stand any chance. of acceptance. 
The book under review has the now 
almost universal style of a multiplicity 
of authors, each of whom holds re- 
sponsibility for his own chapter and the 
editor for the resultant patchwork. The 
subjects covered separately are: Intro- 
duction (history and nomenclature); 
Theory and Basics; Columns and Col- 
umn Selection; Qualitative and Quanti- 





tative Analysis; Detectors; Instrumen- 
“tation; Trace Analysis; Selection of 
Analytical data (data handling); 


Analysis of Foods; Clinical Applica- 
_tions; Physico-Chemical Measurements; 


survey of this rather slowly but long 
developing field. Electron paramag- 
netic and nuclear quadrupole reson- 
ance methods have much fuller 
coverage. Nuclear magnetic resonance 
is not featured; it is not “modern” any 


longer, except in the form of chemic-: 


ally induced dynamic nuclear polarisa- 
tion. Mossbauer spectroscopy is 
brought up-to-date with Mossbauer 

double resonance experiments. 
Although a different viewpoint on 
these newer techniques is to be wel- 
comed, it is rather difficult to see 
much benefit being derived from this 
first volume by anyone outside the 
ranks of the historians of science. 
Unfortunately, in translation, clarity 
has somehow escaped and even post- 
graduate students will find quite a lot 
of up-hill work, sometimes intelligent 
guesses being necessary to perceive 
exactly what the authors mean. There 
is little evidence of editorial effort to 
attain a unity of style or to secure an 
error-free translation (Gammett con- 
stant?) although stilted or archaic 
usage can, as the late Gerard Hofnung 
showed, have charm. More serious 
slips are to be found, including a 
blatantly erroneous diagram of nodal 
surfaces for the benzene 7 orbitals. It 
seems as if the chemists’ voice has 
been too weak throughout. It is dif- 
ficult to see who would be recom- 
mended to pay £18.50 for this volume. 
D. W. Turner 





D. W. Turner is Lecturer in Physical 
Chemistry at the University of Oxford, 
UK. 





and Drug Analysis. 

The sections are very variable. The 
best is by Touchstone and Dobbins on 
“Clinical Applications’, where the de- 
scriptions are clear, concise and 
accurate and the authors have actually 
read papers appearing before 1968. One 
of the less good sections is that dealing 
with instrumentation where the illustra- 
tions are frequently commercial black 
boxes that convey no information at 
all (except advertising). The editor also 
needs to note that the same illustration 
is used on page 355 as on page 173 in 
a different chapter. 

All-in-all, the book is rather like the 
curates egg (good in parts); and with a 
well understood and practised tech- 
nique like gas chromatography, this is 
not good enough. This is a pity, since 
a lot of hard work has gone into the 
chapters; a clearer intent as to what 
needs to be put across in each section 
would have produced a shorter and 
better book. 

A. T. James 








A. T. James works in the Colworth 


‘Laboratory of Unilever Ltd, Sharnbrook, 


UK. 





Organosulphur 
chemistry 


Organic Chemistry of Sulfur. Edited 
by S. Oae. Pp. ix+713. (Plenum: New 
York and London, 1977.) $48. 





THE importance of organosulphur 
chemistry, as demonstrated by its rapid 
growth over the past decade or so, 
has meant that a book covering this 
area in breadth and depth is somewhat 
overdue. Twelve chapters on various 
aspects are contained in the book and 
these and their contents are arranged 
in a logical sequence. Each of the 
chapters is written by one or more 
leading authorities; and it is a com- 
pliment to the contributors and to the 
editor that, although individual styles 
are apparent, continuity is maintained. 

In the first chapter, the basic theo- 
retical aspects of sulphur bonding are 
described. This is followed by a dis- 
cussion of elemental sulphur and its 
reactions, which provides a necessary 
introduction to the vulcanisation of 
rubber covered in the third chapter. 
The remaining chapters deal with the 
physical and chemical properties of 
specific sulphur compounds — thiols, 
thiones, sulphides (mono-, di-, and 
poly-), sulphoxides and sulphilimines, 
sulphonium salts, sulphones and sul- 
phoximines, sulphinic acids and esters, 
and sulphonate and sulphate esters. 
Some detail is also given to sulphur 
biochemistry within various chapters. 

On the credit side, the book con- 
tains many excellent qualities with the 
diagrams, tables and general layout 
being attractive and comprehensive. 
The mechanistic approach used is also 
a highly commendable feature. 

On the debit side, however, it is 
surprising that the industrially. import- 
ant sulphonic acids are not discussed 
in some detail. Furthermore, over 
2,300 references are quoted, but no 
references later than 1973 are included 
and very few 1972 or 1973 references 
are given. In fact, for the majority 
of the chapters, the literature is covered 
adequately only to the end of 1971 
and for one chapter only to the end 
of 1970. This overlong delay between 
completion of the manuscript and pub- 
lication must detract in some degree 
from the overall usefulness of the 
book. 

In spite of these drawbacks, and the 
presence of a considerable number of 
trivial and typographical errors, the 
book is worthy of a place in chemistry 
libraries and on the bookshelves of 
the more affluent workers in the field. 

A. E. Tipping 


A. E. Tipping is Reader in Organic 
Chemistry at the University of Man- 
chester Institute of Science and Tech- 
nology, Manchester, UK. 
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Karst 
landforms 


Morphogenetics of Karst Regions. By 
L. Jakucs. Pp. 284. (Adam Hilger: 
Bristol, UK, 1977.) £17. 





Tuts book is a revised and enlarged 
version of an original text by the Hun- 


garian geographer, Professor Jakucs. 
The generally good translation is by B. 
Balkay. In recent years there has been 
a number of books in different Euro- 
pean languages on the landforms of 
karst (massive limestone) regions, but 
this book is the first to focus primarily 
on the processes and origins of karst 
landforms. It therefore not only fills 
a gap in our literature on karst but is 


Illustrations taken from Food: The Gift of Osiris by W. J. Darby, P. Ghalioungui and 
L. Grivetti (Academic: London, New York and San Francisco, 1977; two volumes 
£12.50/$27 and £12.50/$25). These two volumes detail exactly what is known about 
ancient Egyptian food and eating habits. The book considers medical as well as 
nutritional uses, and provides a wealth of archeological and anecodatal information. 
Top, Sacred ibis drawn by scientists accompanying Bonaparte in 1799, The bird was 
associated with the god Thot, master of knowledge and secret science. Strict measures 
were taken to protect the bird in ancient Egypt, but it has since become extinct in 
that region. Bottom, Hand fish net (tomb of Ka-Gem-Ni at Saqqara, Old Kingdom, 
sixth dynasty, reign of King Teti, about 2390 nc). Open mouth V nets were used to 
collect fish which had been channelled into a fenced barricade, and this type of net is 


still in use today. 
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also a highly perceptive contributi 
to the subject. 

After discussing the concepts of ka 
and of karst corrosion Jakucs treats Wi 
subject under the main factors whi 
control karstification. These he ‘ists 
petrovariance: epeirogenic movemen 
(that is, structural variance); clima% 
variance; erosional and geomorphee 
logical variance; and anthropovarianc 
Each of these controls is discussed a 
length, and this forms the main ther 
of the book. The author aims to sho 
that all variations of karst can be di 
cussed in the light of the variants prew 


posed. 
The treatment of each section 
comprehensive and the discussic 


covers some ground familiar to kamm 
geomorphologists. But the text is il] 
minated by Jakucs’ own illustrati 
and careful experiments, which fo 
the main scientific contribution of t 
book. There are certain sections | nic 
are therefore new and also conte” -rsisi 
to the English karst morphologist. Fous 
aspects are of particular interest. Th 
first is that dealing with the effects ¢ 
limestone crystallinity and lithostru 
ture on karst corrosion. The secons 
discusses the effects of soil micra 
climates on the development of karsii 
depressions, Thirdly, the author ha 
some interesting observations to mak 
on the role of geomorphological situat 
tion and erosional variations on the 
origin of karst landforms; he usefully 
differentiaties between authigenic andl 
allogenic karst evolution. And fourthly 
there is an extended discussion on the 
effects of man on karst evolution: the 
results of deforestation, of spring dev- 
elopment and of dam building ar 
among the topics included. The auth 
is perhaps least at home when dealin 
with the effects of climatic factors or 
the development of karst: even here 
however. he has some shrewd com- 
ments to make, though he has had to 
rely mainly on the published literature. 

The book is well illustrated with 
clear diagrams and photographs. The 
bibliography is especially good on 
Central and Eastern European works. 
but shows a lack of knowledge of the 
more recent Western European and 
American work (that is. since 1970). 

The Hungarian school of karst mor- 
phology has long been distinguished for 
its contributions to all aspects of karst, 
both surface and underground. Pro- 
fessor Jakucs’ book illustrates the depth 
and grasp of Hungarian work in this 
field. and his succinct work should be 
carefully read by all English workers 
in karst geomorphology. 

M. M. Sweeting 
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